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Abstract

Down syndrome (DS) is associated with a variety of cognitive impairments, notably memory impairments. Due to
the high prevalence rates of early-onset dementia associated with DS, it is imperative to understand the
comprehensive development of memory impairments beginning in childhood and into adulthood, as this may
help researchers identify precursors of dementia at earlier stages of development and pinpoint targets for memory
intervention. The current paper provides a systematic, developmentally focused review of the nature of memory
difficulties in DS across the lifespan. Specifically, this review summarizes what is known about long-term, short-term,
and working memory abilities (distinguishing between verbal and nonverbal modalities) in DS, compared to both
mental age-matched typically developing peers and individuals with other forms of intellectual disability (ID) at
three developmental stages (i.e, preschool, adolescence, and adulthood). Additionally, this review examines the
degree of impairment reported relative to typically developing mental age-matched peers in the existing literature
by examining effect size data across memory domains as a function of age. With few exceptions, memory abilities
were impaired across the lifespan compared to mental age-matched typically developing peers. Relative to other
groups with ID, research findings are mixed. Our review of the literature identified a scarcity of memory studies in
early childhood, particularly for STM and WM. In adulthood, research was limited in the LTM and WM domains and
very little research has compared memory abilities in older adults with DS to those with typical development.
Looking to the future, longitudinal studies could provide a better understanding of the developmental trajectory of
memory abilities in DS, and the possible associations between memory abilities and real-world functioning. This research
could ultimately inform interventions to improve independence and overall quality of life for those with DS and their

families.
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Background

The current paper provides a systematic, developmen-
tally focused review of the nature of memory difficulties
in Down syndrome (DS) across the lifespan. We aim to
add to and extend prior reviews (e.g., [1]) by describing
what is known about different domains of memory func-
tion during different developmental periods. Addition-
ally, to begin to examine memory impairments across
the lifespan, we have calculated effect size estimates
from published studies of long-term (LTM), short-term
(STM), and working memory (WM) in which individuals
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with DS were compared to typically developing (TD) in-
dividuals matched on mental age (i.e., overall cognitive
level). We have plotted these by domain (LTM, STM,
WM), modality of the task (verbal, nonverbal), and mean
chronological age of participants to begin to examine
trends in findings and to identify developmental periods
during which more research is needed. Our review is or-
ganized as follows: (a) we provide a brief summary of
the DS cognitive phenotype to set the backdrop for
interpreting memory impairments in DS; (b) we then de-
scribe neuropsychological conceptualizations of memory
fractionation in order to organize the memory domains
reviewed; and, finally, (c) we summarize past studies’

© The Author(s). 2018 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to

the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.


http://crossmark.crossref.org/dialog/?doi=10.1186/s11689-017-9220-y&domain=pdf
http://orcid.org/0000-0002-1444-4679
mailto:meg369@drexel.edu
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/

Godfrey and Lee Journal of Neurodevelopmental Disorders (2018) 10:5

findings on LTM, STM, and WM in DS from preschool
to adulthood.

DS is the most common form of intellectual disability
(ID) with a specific genetic etiology, occurring in one of
every 691 live births [2]. The syndrome results in a grad-
ually declining IQ during childhood (i.e., cognitive gains
do not keep pace with chronological age) [3]. Beginning
at an early age, individuals with DS have impairments in
adaptive functioning [4—6] and specific cognitive do-
mains such as expressive language, and executive func-
tion that are in excess of overall cognitive impairments
(for reviews, see [7-9]).

Furthermore, impairments in LTM are a prominent as-
pect of the DS cognitive phenotype and have been a par-
ticular area of research interest, in part due to the high
prevalence of precocious-onset Alzheimer’s disease (AD)
associated with DS. AD causes a progressive decline in
cognitive abilities and functional skills and is the most
common cause of dementia in the general population (for
review, see [10]). The increased rates of precocious AD in
DS are thought to be due in part to overexpression of
genes on chromosome 21, most notably the amyloid beta
precursor protein gene (for reviews, see [11-13]).

The neuropathology of AD is characterized by neuritic
plaques and neurofibrillary tangles, which lead to death of
neurons, brain atrophy, and cognitive decline [14]. Recent
research on DS suggests that the amyloid beta accumula-
tion first begins in the striatum, and progresses into the
frontal lobes, and eventually the temporal lobe ([15, 16];
for review, see [12]). Consequently, those with DS and co-
morbid AD exhibit declines in executive function abilities,
memory encoding and retrieval abilities, episodic memory
and new learning abilities ([12, 17-19]). Although these
symptoms of AD in DS are similar to symptoms in TD
adults, the age of onset of AD within the DS population is
much younger than in the TD population. By age 45, vir-
tually all adults with DS have AD neuropathology; how-
ever, only 8.9% of adults with DS present with symptoms
of AD at this age [20]. Nevertheless, AD symptom preva-
lence in DS is significantly higher than the AD symptom
prevalence in typically developing (TD) adults, which oc-
curs in only 0.003% of individuals at this age [21]. More-
over, by age 72, 67% of individuals with DS will meet the
criteria for AD compared to 5% of TD adults [20, 22—-24].
As a result, the development of memory impairments in
adults with DS has been widely studied to better under-
stand the risk factors for comorbid dementia.

Although understanding memory impairments in DS
in middle and older adulthood has direct implications
for understanding the development of comorbid AD, it
is also important to understand memory impairments in
DS across development. From infancy and childhood
into adulthood, memory abilities are associated with
adaptive behavior, independence skills, reading abilities,
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and general intelligence in DS [1, 9, 25, 26]. Thus, to
provide strategic interventions, it is necessary to eluci-
date the relative strengths and weaknesses of specific
memory domains across development. Furthermore, es-
tablishing a baseline of expected memory abilities across
development could help clinicians identify impaired
memory performance and subtle precursors to dementia
earlier in development. Therefore, applying a develop-
mental perspective to our conceptualization of the DS
memory phenotype may provide crucial information ne-
cessary to improve clinical care and advance our theoret-
ical models of memory development.

As argued by Karmiloff-Smith [27], utilizing a develop-
mental approach to the study of cognition does not sim-
ply mean examining a pediatric sample, but rather it
involves capturing changing abilities of a group over
time. While the traditional neuropsychological “snap-
shot” approach of comparing a clinical group to a con-
trol group at one time point has provided valuable
information about the DS cognitive phenotype, the tra-
jectory approach allows us to map and track age and
performance [28]. Therefore, this method promotes
identification of developmental memory trends across
the lifespan, indicating whether memory impairments
increase or decrease with age.

The current review attempts to synthesize the existing
literature on LTM, STM, and WM in DS within a devel-
opmental framework. However, it is important to note
that the existing research literature on memory in DS
does not permit the adoption of a traditional develop-
mental trajectory approach to conceptualize changing
memory impairments in DS across the lifespan. This is
for two primary reasons. First, longitudinal studies of
memory abilities are very limited for the group. Second,
such an approach is best implemented when chrono-
logical age-matched comparison groups are included in
studies as a benchmark of deviations from developmen-
tal expectations. Unfortunately, the inclusion of a
chronological age-matched TD comparison group is a
rarity in the literature on memory in DS. Rather, the vast
majority of studies examining cognitive abilities of the
DS population compare these to mental-age (MA)-
matched peers because of the well-established under-
standing that cognitive functioning in DS is below
chronological age expectations (for review, see [29]).
Furthermore, the majority of neuropsychological assess-
ments lack utility for a wide range of mental ages—that
is, there are very few cognitive assessments that would
challenge and maintain the attention of both an individ-
ual with DS and their chronologically age-matched peer.
Due to this limitation, researchers studying DS have
commonly used a MA comparison group. Therefore,
this review of the literature will primarily focus on in-
dividuals with DS in comparison to MA-matched
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peers but will add a developmental perspective in that
we will examine the degree of impairment relative to
more general cognitive abilities as a function of the
DS group’s chronological age.

The use of MA-matched peers as a comparison group
is not only suboptimal for describing developmental
trends relative to age expectations, it also makes com-
paring results across studies challenging, as different in-
vestigators may match on measures of overall cognitive
ability, verbal cognitive ability, or nonverbal cognitive
ability. For a group like DS with pronounced impair-
ments in some aspects of language functioning (for a re-
view, see [30]), matching on verbal MA may result in a
pattern of findings in which nonverbal memory impair-
ments look smaller than they would if groups were
matched on nonverbal cognitive ability. In this latter sce-
nario, that is matching on nonverbal cognitive abilities,
impairments on verbal memory tasks may appear larger
or be exaggerated due to the nonverbal cognitive match-
ing strategy. Thus, in order to be clear about the nature
of the existing findings in the literature, our review, in-
cluding summary tables and figures, which will be de-
scribed later, includes details about the matching
strategy employed. We hope that this will aid the reader
in interpreting the existing findings and thus trends in
memory abilities relative to overall cognitive abilities
across development in DS. Prior to describing this litera-
ture, we will provide a brief overview of neuropsycho-
logical conceptualizations of memory fractionation to
provide a framework to organize the memory domains
included in the current review, as well as a justification
for the choice of memory domains reviewed.

Neuropsychological conceptualizations of
memory

Current conceptualizations of retrospective memory, the
process of recalling previously learned information, div-
ide this construct into two forms: implicit and explicit
memory [31]. Implicit memory involves retrieving infor-
mation, without conscious awareness, to perform an ac-
tion. It is thought to rely upon the basal ganglia [32-34]
and broader cortico-striatal networks (see [31, 35] for re-
views). This review will not examine implicit memory,
due to the limited number of studies examining this
construct in DS. Furthermore, existing studies suggest
that implicit memory tends to be MA appropriate in DS.
For example, Vicari and colleagues ([36, 37]) reported
comparable performance on implicit memory tasks
between those with DS and typically developed MA-
matched children. Moreover, they reported stronger im-
plicit memory performance in DS compared to ID peers
(e.g., Williams syndrome). Consistent with these find-
ings, Bussy and colleagues [38] reported that those with
DS could implicitly learn a sequence of movements at
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levels comparable to MA-matched TD peers. Thus, the
limited research available indicates that while implicit
memory is not equivalent to chronological age expecta-
tions in adolescents and adults with DS, it is not im-
paired beyond mental age expectancies in DS. Because
past research with children with DS consistently has
found impairments in explicit memory that exceed glo-
bal learning difficulties (i.e., performance below MA ex-
pectations) [36, 37], we will focus our review on explicit
memory systems.

Explicit memory consists of actively retrieving memories
and being cognizant of the prior learning process. Explicit
memory can be categorized as either semantic memory
(i.e., general knowledge, facts, and vocabulary) or episodic
(ie., biographical, personal events, contextual memories)
[39]. Furthermore, memory models categorize the con-
struct by time length and quantity of information to be
recalled. With regard to time length, models have trad-
itionally distinguished memory as either upheld for a mat-
ter of seconds (i.e., STM) or stored and retrieved at a later
point in time (i.e., LTM) [40, 41]). These distinctions have
roots in James’ early descriptions of primary (STM) and
secondary (LTM) memory ([42]). Another factor that has
been used to distinguish STM and LTM is the amount of
information to be recalled [43]. More specifically, STM is
believed to have a limited capacity, that is, the to-be-
recalled information must fall within an individual’s im-
mediate memory span [43, 44]. Tasks that exceed an indi-
vidual's immediate memory span are referred to as
supraspan memory tasks and are often categorized under
the LTM umbrella. For the purposes of the current paper,
we will refer to tasks that require immediate recall of sub-
span stimuli as STM tasks and those that require the recall
of supraspan stimuli or impose a delay prior to the testing
of recall as LTM tasks.

In addition, memory models often include WM (i.e.,
recalling and manipulating information to complete
some task). Although both WM and STM involve short-
term storage, models distinguish WM from STM due to
the increased processing demands associated with WM
tasks (i.e., attending to and manipulating information)
[44, 45]. This distinction appears to be an important one
when considering relations between these two short-
term memory systems and higher level cognitive skills.
Specifically, research suggests that WM, in particular, is
highly predictive of intellectual abilities in those with
typical development [46]. Furthermore, research has
suggested a discrepancy between STM and WM abilities
in the DS population. Individuals with DS demonstrate a
significant impairment in verbal and nonverbal WM
skills, yet do not consistently demonstrate impairment
in the nonverbal STM domain despite profoundly im-
paired verbal STM abilities (for a review, see [47]). Con-
sequently, to better understand the nuanced memory
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abilities of individuals with DS, we will examine WM
distinctly from STM.

Lastly, it should be noted that while we have organized
our review of memory in DS utilizing these three mem-
ory domains, theories of memory and its fractionation
are ever evolving, with some researchers arguing that
the content of memory is more important to consider
than the timing of stimuli presentation and recall (e.g.,
[48]). Given that the vast majority of studies examining
memory in DS utilize LTM, STM, and WM to describe
tasks demands, the current review adopts these terms.
However, we will briefly touch upon alternative memory
frameworks and their implications for the future of DS
memory research in the “Discussion” section.

We will now review what is known about LTM, STM,
and WM abilities in DS over the lifespan. Our review of
these memory domains will also distinguish between im-
pairments in verbal and nonverbal modalities (i.e., visual
or spatial abilities), as memory abilities do appear to dif-
fer based on the modality of the to-be-recalled stimuli
([49]; for review, see [47]). Additionally, memory studies
will be organized into three developmental periods: pre-
school (<5 years old), school-age and adolescence (6 to
17 years old), and adulthood (> 18 years).

Literature review and analytic methods

The current literature was garnered through a system-
atic search of online databases. Specifically, keyword
combinations included “Down Syndrome” or “Trisomy
217 and “memory,” “short-term memory,” “long-term
memory,” and “working memory”. This search produced
1534 unique articles via the online databases PubMed,
PsycInfo, and Web of Science. (A total of 2446 articles
were identified with 912 redundancies.)

The first author completed the initial search of the lit-
erature. This was followed by a second review of ab-
stracts by the second author. Studies were selected that
either (a) compared a participant group with DS to a
control group (either typically developing individuals or
individuals with intellectual disabilities) or (b) examined
older adults with DS and compared performance at dif-
ferent ages. To be included in the current review, the
study was required to include at least one memory as-
sessment (i.e., LTM, STM, or WM). This resulted in a
selection of 106 studies which have informed our review
of LTM, STM, and WM in DS.

Next, we chose a subset of the 106 studies to gather
effect size data to examine the average magnitude of the
impairment within each memory domain and modality
relative to mental age expectations. The following cri-
teria were imposed to identify tasks from these 106 stud-
ies for which effect sizes would be calculated for the
current review: (1) the study included a typically devel-
oping, mental age-matched comparison group, (2)
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means and standard deviations were available so that ef-
fect sizes could be calculated or effect sizes were re-
ported, and (3) the study provided adequate description
of task demands to determine if it should be included in
the LTM, STM, or WM sections. Adequate description
for LTM tasks included a description of a delay (minutes
to days) between memory encoding and retrieval or a
description of recall after an extended presentation of
stimuli (i.e., includes repeated recall of supraspan item
lists in which learning was evaluated over multiple tri-
als). For STM tasks, a description of immediate retrieval
of subspan items after encoding was required. Lastly,
WM tasks were included if the tasks required immediate
retrieval of information and manipulation of the to-be-
remembered material. It is important to note that the
key distinction between STM and WM studies was the
dual task nature of the WM studies, i.e., one not only
needs to recall but also must manipulate the material. If
a task was described in a study as being a WM task but
it did not have a discernible manipulation/dual task
component, we included it in the STM table and STM
effect size calculations.

When choosing the outcome measure to report on for
effect size calculations, if a study presented two outcome
variables for one task, we chose the outcome variable
that summarized the overall performance best, and con-
sistently chose the same outcome variable for the same
task across studies (if possible). Additionally, if the study
reported on errors, resulting in a positive effect size indi-
cating worse performance, the sign was reversed (ie.,
negative effect size) to maintain consistency and more
easily reflect the impaired performance in which nega-
tive Cohen’s d values reflect poorer performance by the
DS group relative to the MA group.

Exclusionary criteria for evaluating effect sizes were as
follows: (1) non-parametric statistical analyses were used
in the original paper and/or the authors of the paper
noted that the distribution of the data for a particular
task was non-normal, suggesting that the mean may not
be the most suitable measure of central tendency, (2) the
manuscript described performance of subgroups of indi-
viduals with DS rather than the group as a whole (e.g.,
studies where good vs. poor readers with DS were de-
scribed), (3) tasks were used to examine factors that in-
fluence memory impairments in DS rather than quantify
the extent of impairment relative to controls, and (4) the
modality of stimuli presentation differed from the mo-
dality being evaluated (i.e., visual presentation for verbal
recall). Further, for the STM domain, effect sizes were
not calculated for nonword repetition or sentence mem-
ory tasks due to the concern that STM difficulties might
be overestimated and due to prominent articulation and
syntactic processing deficits in DS (see [50] for a review),
respectively. Similarly, effect sizes were not calculated
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for studies employing story memory tasks, given the
added syntactic processing demands of such tasks.

Decision to include a study in the domain in which it
was placed was established by consensus between the
first and second authors. For transparency about the de-
mands of the tasks that fell into the different
domains—LTM, STM, and WM—and for effect size cal-
culations, we have provided detailed task descriptions in
a supplementary table (Additional file 1: Table S1). Using
the established criteria, 26 of the 106 studies contributed
data for effect size calculation; from these studies, 71 ef-
fect sizes were calculated. Of these 71 effect sizes, 38
(53%) were derived from studies with an overall MA-
matched TD group, 9 (13%) were matched on nonverbal
MA, and 24 (34%) were matched on verbal MA (as mea-
sured in nearly all cases by a receptive vocabulary task).
We then plotted effect size estimates as a function of
mean chronological age of the DS group for the LTM,
STM, and WM studies reviewed in order to summarize
existing data visually. These figures include DS and TD
comparisons only (i.e., not DS and ID comparisons).
Some studies used multiple tasks, and thus, the tasks are
plotted separately (i.e., a study’s findings can be found in
multiple figures if tasks tapped different memory do-
mains; also, if multiple measures of the same memory
domain were included, these are plotted separately in
the same figure).

Long-term memory

LTM refers to the process of storing information that
can be retrieved for use in minutes, hours, or years later.
It involves three stages: encoding (i.e., extracting distinct
factors to form a memory), storage (i.e., maintenance of
memories), and retrieval (i.e., obtaining information
from storage), and is thought to call upon a complex
network of neural structures, including the hippocam-
pus, the perirhinal cortex, and the parahippocampal cor-
tex [51]. LTM is often assessed using tasks in which an
individual is introduced to a novel set of stimuli and
then asked to recall that information over several trials
and/or following a delay (e.g., 20 to 30 min). Examples
of standardized verbal and visual LTM tasks include the
California Verbal Learning Test (CVLT) and the Rey
Complex Figure Test (RCFT), respectively [52, 53]. The
CVLT is a list-learning task in which participants must
recall supraspan lists of words that are repeated over
several trials and following a delay. The RCFT involves
recalling the configuration of a complex figure both im-
mediately and following a delay. These two types of tasks
tend to be used with school-age and older participants
with DS to evaluate LTM. Examples of tasks used with
children prior to the school-age years (before the age of
5) tend to involve delayed imitation (e.g., learning a
three-step action sequence and recalling after a delay)
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and object location memory (e.g., recalling the location
of a toy after a delay). LTM abilities across the lifespan
in DS are described in the following sections. In
addition, Table 1 summarizes the existing research litera-
ture in greater detail.

Preschool studies (<5 years old)

No studies of which we are aware examine verbal LTM
abilities in preschool children with DS; consequently,
our knowledge of LTM in the verbal modality does not
begin until school age. In contrast, there are a few stud-
ies that have examined nonverbal LTM abilities in the
preschool age, but findings are mixed. Roberts and Rich-
mond (2015) found preschool-age children with DS per-
formed comparably to their MA-matched peers on
object location recall and deferred imitation tasks after a
24-h delay [35]. Consequently, these researchers con-
cluded that LTM impairments (in excess of MA) did not
begin until after the early childhood years in DS. In con-
trast, Milojevich and Lukowski (2016) reported impaired
performance on recall of sequenced information by
preschool-age children with DS compared to MA-
matched peers after a 1-month delay. Therefore, the re-
searchers contended that LTM impairments (in excess of
MA) are present in preschool children with DS [54].
Thus, the limited data from preschool suggest that al-
though children with DS may have MA expected non-
verbal LTM performance after a shorter delay (24-h),
their performance appears worse than MA expectations
after a month-long delay. Clearly, more research is
needed to clarify LTM abilities in the early developmen-
tal years of DS. Such research could help clinicians iden-
tify target ages to provide memory interventions,
perhaps prior to the onset of significant deviations from
mental or even chronological age expectations.

School age and adolescent studies (6 to 17 years old)
Within LTM research, there has been a consistent find-
ing of significant verbal LTM impairments among ado-
lescents with DS. With the exception of one study [55],
DS groups perform significantly worse than MA-
matched TD peers on list-learning tasks with a delay [9,
56, 57]. Additionally, Nichols [57] found adolescents
with DS had significantly more intrusive responses and
impaired discrimination abilities on list recall compared
to MA-matched controls.

In comparison to children with ID, several studies
have reported that teens with DS performed significantly
worse on verbal LTM tasks [56, 58, 59]. However, when
compared to children with Williams syndrome (WS),
teens with DS have been reported to have equivalent
performance on verbal list-learning long-delay recalls
(e.g., CVLT-Children’s Version) [57] and better perform-
ance on a word list learning task [25]. Thus, although



Godfrey and Lee Journal of Neurodevelopmental Disorders (2018) 10:5

research indicates adolescents with DS perform below
MA-matched typically developing controls on verbal
LTM assessments, additional research is needed to clar-
ify whether this deficit is comparable or less significant
than that found in other ID groups.

Similar to their verbal LTM abilities, most studies report
that adolescents with DS demonstrate impaired perform-
ance on nonverbal LTM tasks in comparison to TD chil-
dren matched on MA (e.g., [9, 56, 60], but see [61, 62]).
Specifically, teens with DS exhibit impaired performance
on visual associative memory tasks, pattern recognition,
and spatial LTM tasks (e.g., maze location and spatial loca-
tion recall tasks; [9]) compared with MA-matched children.

However, teens with DS largely have similar or stronger
performance when compared to groups with mixed ID or
WS on visual LTM tasks [55, 56]. In addition, adolescents
with DS have demonstrated significantly greater perform-
ance than children with WS on spatial LTM tasks [25].
Thus, there appears to be consistent evidence that adoles-
cents with DS perform comparably or better than other ID
groups, yet worse than MA-matched TD comparison groups
on nonverbal LTM tasks in the majority of research studies.

Adult and older adult studies (18 years and older)

Adults with DS continue to perform below MA expecta-
tions on LTM tasks. The very limited data available sug-
gest that on verbal LTM tasks, adults with DS perform
worse than MA-matched typically developing controls
[36]. Similarly, several studies that have compared adults
with DS to ID groups have reported lower performance
[63-65], which includes research that has shown that
adults with DS have significantly longer response laten-
cies on verbal memory tasks [64] and lower levels of im-
provement across repeated testing [65] relative to other
ID groups. Furthermore, unlike other ID groups, per-
formance on word list learning tasks is inversely related
to age in adults with DS [63, 66]. Additionally, younger
adults with DS show improvement with repeated testing
of verbal LTM list-learning tasks (e.g., selective remind-
ing task), while older adults actually exhibit a small de-
crease in performance across testing [65].

Research has also shown that adults with DS perform
significantly worse than MA-matched TD controls on
nonverbal LTM tasks [36, 67—69]. Research comparing
nonverbal LTM in those with DS to other ID groups re-
veals mixed findings, with some studies reporting similar
performance on some tasks ([70, 71]) and greater im-
pairment on others [69, 70]. Research within the DS
population has demonstrated that nonverbal LTM mem-
ory begins to decline in young adulthood [72, 73]. In
particular, performance on tasks with higher cognitive
load (ie., increased number of stimuli) significantly de-
clines with age in adulthood [74, 75].
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The majority of adult research comparing LTM abil-
ities (both verbal and nonverbal) of DS groups to TD
groups focuses on individuals with an average age in the
30s. Many studies examining memory abilities of older
adults do exist. However, these studies typically compare
adults with DS at different age points, rather than com-
paring to mental age-matched TD participants. Conse-
quently, the field lacks research examining older adults
with DS compared to those with typical development.

LTM across development in DS

To summarize the existing literature in DS across devel-
opment visually, we calculated effect sizes using Cohen’s d
[76] (i.e., DS group mean—MA-matched TD control group
mean/pooled standard deviation) for published studies
that fit our inclusion/exclusion criteria (delineated in the
“Literature review and analytic method” section). These
studies are in italics print in Table 1. We have summarized
the effect sizes of findings from existing LTM studies of
DS as a function of the mean chronological age of the DS
group and task modality in Fig. 1. In addition, in this fig-
ure, we have noted the method by which the DS group
was matched to the typically developing group (verbal,
nonverbal, or overall MA) and included details about the
assessment tool used to match DS and TD participants in
Table 1. Additional file 1: Table S1 provides greater details
about the tasks included in Fig. 1.

First, collapsing across studies ignoring age, we find
the mean effect size for the LTM domain is medium to
large (d =-.73 overall). The effect size for verbal LTM
(d=-0.94) is large, while the effect size for nonverbal
LTM is medium (d = -.68). Thus, it is clear that LTM
abilities deviate from mental age expectations in DS.
Moreover, impairments are evident (in most studies)
from an early age and persist across development. There
is a suggestion in the data of greater nonverbal LTM im-
pairments relative to mental age expectations later in de-
velopment. However, given the differences in the tasks
used across development, different mental age matching
strategies, and the lack of longitudinal research, this ob-
servation is made very tentatively.

Short-term memory

STM refers to a limited capacity, immediate memory
system in which small amounts of information can be
actively upheld and preserved for a matter of seconds.
With regard to its neural correlates, STM encoding and
retrieval involve a network of regions, including the
frontal lobes, inferior portions of the parietal lobe,
hippocampus, and superior portions of the temporal
lobe [77-80]. However, neuroimaging data suggest that
somewhat separate cortical networks underlie verbal vs.
visual STM performance. For example, phonological
storage is thought to involve the left posterior parietal
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cortex while rehearsal is thought to involve the left
premotor cortex, Broca’s area, and supplementary
motor cortex (for a review, see [81]). In contrast,
visual storage is thought to rely upon the right anterior
occipital cortex, while rehearsal is thought to involve
the right posterior parietal and premotor cortex (for a
review, see [81]).

To assess STM, visual or verbal span tasks are typically
administered, such as Corsi Span or Digit Span, respect-
ively, in which individuals must recall a sequence of
blocks (visual) or digits (verbal) verbatim [82]. Other ex-
amples of STM tasks include immediate subspan word list
recall (verbal), pattern recall (visual), and picture location
recall (visual). We summarize the existing literature by
age group in the sections that follow. In addition, we pro-
vide details about studies of STM in DS in Table 2, and
age-effect size relations are displayed in Fig. 2.

Preschool studies (3 to 5 years old)

Very limited research exists that examines STM abilities
in very young children with DS. Existing research sug-
gests impairment relative to youth with FXS [83]. How-
ever, it is clear that more STM research is needed during
this developmental period. With that, we turn to studies
during the school-age and adolescent period.

School age and adolescent studies (6 to 17 years old)
During childhood and adolescence, the vast majority of
research suggests that individuals with DS perform
worse than MA-matched peers on verbal STM tasks
such as digit span and immediate word list recall (e.g.,
[9, 49, 84]). Additionally, research suggests children and
adolescents with DS make smaller gains on verbal STM
tasks across development in comparison to MA-
matched TD children, and this deficit becomes worse
with age [85-87].

The majority of research comparing DS to ID groups
has found adolescents with DS show greater verbal STM
impairments than other ID groups, as well as children
with speech language impairments, and children with
focal brain lesions (e.g., [84, 88—90]). However, research
findings are mixed, with several researchers reporting
comparable verbal STM skills to those with other forms
of ID (e.g., [58, 91]).

In comparison to their verbal STM abilities, adoles-
cents with DS have relatively stronger nonverbal STM
skills [92]. However, findings regarding whether these
skills are below mental age expectations when compared
to typically developing youth and youth with other forms
of ID are variable. In comparison to TD youth, most stud-
ies suggest comparable or poorer performance on nonver-
bal STM tasks (e.g., [93—95]). In comparison to other ID
groups, most studies report comparable or stronger per-
formance (e.g., [25, 58, 96, 97]). Therefore, while research
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has demonstrated nonverbal STM skills are a relative
strength compared with verbal STM abilities within DS,
findings are mixed with regard to whether these skills dif-
fer from those observed in TD or ID peers matched on
mental age during this time period.

Adult and older adult studies (18 years and older)

As individuals with DS age, research has shown STM
abilities remain impaired. Compared to MA-matched
controls, including both verbal-matched and nonverbal-
matched controls, young adults with DS are significantly
impaired on verbal STM tasks such as digit and word re-
call tasks [98-100]. Additionally, DS groups perform
worse in comparison to MA-matched TD controls on
tests requiring recall of a missing item (item memory) or
an entire list (serial memory) [101].

Research comparing adults with DS to those with
other forms of ID on verbal STM tasks is mixed. While
the majority of studies demonstrate greater impairments
relative to other ID groups (e.g., [102, 103]), several
studies report similar levels of impairment ([64, 104]),
and a recent study that compared adults with DS to
adults with Cornelia de Lange syndrome revealed stron-
ger performance in the DS group [105].

Although research has suggested that nonverbal STM
abilities are relatively stronger than verbal STM skills in
DS [106], few studies have compared nonverbal STM in
DS to MA-matched controls or other ID groups in
adulthood. The limited data suggest that adults with DS
perform comparably to TD comparison subjects with
similar mental ages (e.g., [107, 108], but see [36]), and
other adults with ID (e.g., [65, 109]), suggesting that
nonverbal STM impairments are relatively in line with
mental age during adulthood.

STM across development in DS

We have summarized the effect size data from past studies
in Fig. 2, which depicts STM effect sizes relative to MA-
matched comparison subjects using Cohen’s d organized
by age and task modality. (See Table 2 and Additional file 1:
Table S1 for greater details about the studies and tasks in-
cluded in Fig. 2.) The average Cohen’s d value collapsed
across verbal and nonverbal STM studies was — 0.91. This
large effect was driven by studies of verbal STM for which
the effect size was large (- 1.40), suggesting significant im-
pairments in excess of overall cognitive limitations. In
contrast, the small effect size for nonverbal STM of - 0.32
suggests that nonverbal abilities only slightly deviate from
mental age expectations.

Looking across the ages studied, there is consistent evi-
dence for verbal STM impairment in DS relative to MA-
matched comparison groups beginning in school age and
into adulthood. However, it is important to note that lim-
ited data are available in early childhood. Turning to
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nonverbal STM, effect size data are limited to a very re-
stricted age range, with the preponderance of studies be-
tween the ages of 11 and 14. These data suggest nonverbal
STM performance is somewhat weaker than MA-matched
peers, although this is based primarily on inconsistent
findings across studies with adolescents.

Working memory

WM, or “working with memory” [110], refers to the abil-
ity to maintain and manipulate information for a brief
period of time. Similar to STM, WM involves temporary
storage of limited amounts of information, but it also re-
quires maintenance and attention while simultaneously
processing information, avoiding distraction, and/or en-
gaging in cognitive shifting [111, 112]. As reviewed by
Wager and colleagues [113], WM activates a wide net-
work of neural regions, including numerous frontal and
parietal regions. These regions appear to differ based on
the nature of the tasks. For example, in tasks requiring
updating and sequencing information, the dorsolateral
prefrontal cortex and the superior frontal sulcus are in-
volved, while manipulation tasks require the ventral and
anterior prefrontal cortex.

Assessments of WM are often similar to STM, with
additional components requiring increased attention
and/or manipulation of the to-be-remembered stimuli.
Verbal WM tasks include digit span backward, backward
word span recall, and selective word recall (e.g., hearing
multiple lists of words and recalling the first word from
each list after the presentation of all of the lists). Non-
verbal WM tasks include spatial span backward or tasks
that require recall of the first step in a series of steps.

Overall, research on WM abilities in DS remains lim-
ited across the lifespan. Very few studies have examined
these abilities in early childhood or in adulthood. How-
ever, the majority of research studies report that adoles-
cents and young adults with DS perform below MA
expectations on both verbal and nonverbal WM tasks.
Existing studies are summarized in detail in Table 3 and
age-effect size relations are illustrated in Fig. 3.

Preschool studies (3 to 5 years old)

No studies of which we are aware have examined WM
abilities using direct cognitive assessment in young chil-
dren with DS. This is likely due to the complexity of such
tasks and difficulties adapting WM tasks to be under-
standable to very young children. Thus, we turn our atten-
tion to studies of school-age children and adolescents.

School age and adolescent studies (6 to 17 years old)

Similar to performance on verbal STM tasks, children
and adolescents with DS are significantly impaired on
verbal WM tasks. With few exceptions (e.g., [9]), youth
with DS perform significantly worse on verbal WM tasks
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compared to MA-matched children and this deficit in-
creases as the task difficulty increases (e.g., [92, 114—
116]). Furthermore, even when matching children on vo-
cabulary abilities or reading comprehension abilities,
children with DS consistently perform worse than TD
children on verbal WM tasks [117]. In contrast to the
consistent findings relative to MA-matched peers, the
limited studies available have provided conflicting results
when comparing performance of groups with DS to
other ID groups [25, 90, 118].

Analogous to verbal WM findings, many studies suggest
that children and adolescents with DS have significant non-
verbal WM impairments compared with MA-matched
peers [90, 92, 115-117, 119]. However, findings are mixed
with several studies noting similar performance to MA-
matched TD participants [9, 119, 120]. In comparison to
other ID groups, findings are also mixed; some studies (e.g.,
[25]) found children with DS have comparable nonverbal
WM abilities, while others have reported greater impair-
ments compared to other ID groups [90, 118, 121]. There-
fore, further research is needed to determine if nonverbal
WM is a deficit beyond MA expectations and if this deficit
is unique to DS.

Adult and older adult studies in DS

Research regarding WM abilities in adults with DS is
very limited. The available data indicate that adults with
DS perform worse than MA-matched TD individuals on
verbal WM tasks [108, 122], yet do not significantly dif-
fer from other ID groups [123]. With regard to nonver-
bal WM abilities in adults with DS relative to TD
comparison groups, only one study has examined this
and reported comparable performance [108]. In com-
parison to other ID groups, the very limited data sug-
gests comparable performance as well [105, 123].
However, research examining aging in DS (without a TD
comparison group) suggests declining executive function
abilities beginning in middle adulthood and that these
abilities are one of the first cognitive skills to deteriorate
in the early stages of dementia [124—126]. Because WM
is thought to be a form of executive functioning, studies
that examine WM from adolescence into young and
middle adulthood may help to identify precursors to de-
mentia in those individuals with DS who will go on to
develop it.

WM across development in DS

The effect size findings of past studies are summarized in
Fig. 3. (See Table 3 and Additional file 1: Table S1 for
greater details about the studies and tasks included in
Fig. 3). As can be seen, the majority of WM studies have
been conducted with adolescents. Thus, our ability to de-
scribe WM abilities across the lifespan in DS is quite lim-
ited. Of the existing studies, the average Cohen’s d value
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collapsed across verbal and nonverbal WM studies is -
0.81, suggesting a large effect. The mean effect sizes for ver-
bal WM and nonverbal WM considered individually are
medium to large (verbal WM Cohen’s d = - 1.0; nonverbal
WM Cohen’s d = -0.58). Thus, there is a suggestion that
WM impairments are significantly greater than global cog-
nitive impairments in DS in adolescence, but more research
is needed earlier and later in development.

Discussion

In this review, we summarized the literature on memory
impairments in DS from a developmental perspective by
grouping studies into three developmental periods: pre-
school, school-age and adolescence, and adulthood. We
presented findings on LTM, STM, and WM (distinguish-
ing between the verbal and nonverbal modalities) and
examined the degree of impairment (measured using
Cohen’s d) relative to mental age-matched TD controls
across studies in each domain. In addition, we summa-
rized the results of studies in which DS performance
was compared to that of another ID group to evaluate
the degree to which the reported impairment appeared
to be specifically associated with DS or rather a more
general correlate of intellectual disability. These findings
are summarized in the sections that follow.

With only a few exceptions [35, 55, 61, 62], our review
of LTM abilities suggests impairment across development
in excess of overall cognitive impairment. As it is difficult
to study verbal LTM in young children, the existing litera-
ture on DS identifies impairment in excess of overall cog-
nitive abilities (i.e., below mental age) by adolescence and
continuing into adulthood. Turning to nonverbal LTM,
there is evidence for impairments in excess of global
learning difficulties beginning during the preschool period
(e.g., [36, 54, 69], but see [35]) and continuing through the
school-age years and into adulthood (see Table 1 and
Fig. 1). Additionally, a review of findings across develop-
ment suggests that LTM impairments may be somewhat
greater later in life. However, this observation is very ten-
tative, as the appropriate research studies have not been
conducted to truly describe changes in LTM across the
lifespan. Thus, further research should examine the rela-
tion between age and nonverbal LTM impairment through
longitudinal investigations that track the same participants
over the course of development and, importantly, com-
pare performance not only to mental age expectations but
also to chronological age expectations. This latter com-
parison will provide a true evaluation of trajectory differ-
ences between individuals with DS and typically
developing peers, thus providing a better estimate of how
LTM skills in DS deviate from age expectations over time.

Our review provided support for the presence of a sig-
nificant verbal STM impairment compared to MA-

Page 20 of 31

matched typically developing groups. This impairment
was evident from the school-age years and persisted into
adulthood. In contrast, research findings on nonverbal
STM abilities (particularly during the school age/adoles-
cent period) are mixed. Yet, it is important to note that
our review of effect sizes for nonverbal STM suggests a
small effect (-.32) relative to TD controls matched
on mental age overall. This effect is substantially
smaller than that seen for verbal STM (- 1.4), suggesting
that STM is not universally below mental age expec-
tations in DS. Rather, impairments are much more
pronounced when verbal STM is considered (see
Table 2 and Fig. 2).

Research on WM abilities in DS across the lifespan is
extremely limited. This is in part due to the fact that the
majority of research examining limited capacity memory
systems used traditional STM tests, rather than WM
tests (i.e., tasks that require short-term retention and
manipulation of the to-be-remembered material). None-
theless, the preponderance of studies report that verbal
WM abilities are below MA expectations from adoles-
cence into adulthood. Studies evaluating nonverbal WM
present varying results relative to mental age-matched
TD groups. Unfortunately, we are limited in what we
can say about WM (verbal and nonverbal) abilities
in adulthood, as studies are sparse. Due to the scar-
city of WM research across different developmental
periods and the potential impact it could have for
clinical care and interventions in DS, future research
is needed to provide a better understanding of WM
abilities across the lifespan in this population.

In this review, we also identified studies that compared
DS performance to that of peers with ID to evaluate
whether the impairment in DS is greater than that seen
in groups with another form of ID, or if it may represent
a more general characteristic of ID. Of the research
examining memory abilities in ID groups, there is the
largest number of studies examining STM. Within these
studies, WS was the most frequently compared group to
DS. There is a long-standing recognition of a so-called
double dissociation between verbal and nonverbal STM
abilities for these groups, such that those with WS are
reported to have stronger verbal STM skills, while those
with DS are reported to have stronger nonverbal STM
skills (see Table 2). However, a few more recent studies
reported no differences between these groups on verbal
STM ([91, 92]). Studies comparing verbal STM abilities
of those with DS to other ID groups are mixed, but the
majority of studies suggest greater verbal STM deficits
in DS than in other ID groups [58, 64, 84, 88, 89, 91,
102, 127]. Lastly, findings for nonverbal STM as well as
both verbal and nonverbal LTM and WM are also mixed
when comparing the performance of those with DS to
other ID groups (see Tables 1, 2, and 3).
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LTM Effect Sizes by Memory Type, Modality, and Age
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Fig. 1 LTM effect sizes from past studies, divided by presentation
modality. Effect sizes calculated using Cohen’s d ((DS group
mean-control group mean)/pooled standard deviation) for
studies that reported effect size data. An effect size of zero
indicates equivalent performance between the DS and control
group. A total of 16 effect sizes were calculated for LTM. All
control groups were typically developing children matched on
overall mental age abilities. Lower scores indicate worse impairment.
Although a greater number of LTM studies exist, the data provided in
additional studies precluded the calculation of effect sizes or did not
meet our criteria for inclusion. Descriptions of studies included in this
figure can be found in Table 1 and Additional file 1: Table S1 (for
detailed task descriptions)

Thus, based on our review of the literature, there ap-
pears to be a lack of conclusive evidence regarding
whether STM, LTM, and WM impairments in DS differ
in degree from those in the other ID groups. Of all of
the domains and modalities reviewed, there is the great-
est evidence that verbal STM impairments are weaker
than in other ID groups. However, given that findings
are mixed, strong conclusions about the specificity of
this deficit to DS cannot be made. Such mixed findings
across LTM, STM, and WM suggest that impairments in
memory may characterize ID more generally. However,
given the limited number of studies for certain domains,
particularly LTM and WM (especially in adulthood), it
appears that future research is needed to answer this
question. One area that could benefit from greater re-
search in the future is the study of WM in adulthood
(both comparing DS to ID and TD groups). Such re-
search may inform studies examining the development
of AD in adults with DS, given that research suggests
that executive function (which includes working memory
as a subdomain) impairments are among the first to
emerge in those with DS who develop AD [124-126].

Having summarized the existing behavioral literature
on memory impairments in DS, we now turn to a brief
review of the neural correlates of memory and how
these can be conceptualized within the context of
the DS neural phenotype. Given the profound

STM Effect Sizes by Memory Type, Modality, and Age
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Fig. 2 STM effect sizes from past studies, divided by presentation
modality. Effect sizes calculated using Cohen’s d (DS group
mean — control group mean)/pooled standard deviation) for
studies that reported effect size data. An effect size of zero
indicates equivalent performance between the DS and control
group. A total of 30 effect sizes were calculated for STM. Eleven
effect sides were based on control groups of typically developing
children matched on overall mental age abilities, 14 effect sizes were
based on controls matched on verbal MA (using a vocabulary test),
and five were matched on nonverbal MA. Lower scores indicate worse
impairment. Although a greater number of STM studies exist, the data
provided in additional studies precluded the calculation of effect sizes
or did not meet our criteria for inclusion. Studies included in the effect
size analyses can be found in Table 2 and Additional file 1: Table S1

(for detailed task descriptions)

impairments in explicit memory systems observed in
individuals with DS, the medial temporal lobes and
the hippocampal formation in particular have been
the focus of several neuroimaging investigations in
DS. Consistent with conclusions drawn from behav-
ioral memory studies, imaging studies have docu-
mented reduced volume in the hippocampi and
connectivity disturbances in the limbic system of in-
dividuals with DS across the lifespan [128-131].
Turning to STM and WM, studies of these skills in
those with typical development and those with ac-
quired lesions have identified the central roles of the
parietal and frontal lobes for the completion of such
tasks [132, 133]. Consistent with these findings, neu-
roimaging investigations have revealed that in
addition to reduced whole-brain volume, children
and adults with DS have reduced frontal gray matter
volume and parietal white matter volume, as well as
lower levels of activation in the parietal lobes com-
pared to TD peers [128, 134—136]. Moreover, youth
with DS have increased cortical thickness in the
frontal and parietal lobes, suggesting possibly less
“mature” cortex in these brain regions [137]. Further-
more, because STM and WM processes require inter-
action between cortical regions and the hippocampus
([77-80]), behavioral data suggest impairment in
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WM Effect Sizes by Memory Type, Modality, and Age
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Fig. 3 WM effect sizes from past studies, divided by presentation
modality. Effect sizes calculated using Cohen’s d (DS group mean —
control group mean)/pooled standard deviation) for studies that
reported effect size data. An effect size of zero indicates equivalent
performance between the DS and control group. A total of 25 effect
sizes were calculated for WM. Control groups were typically developing
children matched on overall mental age abilities, except for 14 effect
sizes used (ten effect sizes were based on control groups matched on
verbal MA (using a vocabulary test), and four effect sizes used controls
matched on nonverbal MA). Lower scores indicate worse impairment.
Although a greater number of WM studies exist, the data provided in
additional studies precluded the calculation of effect sizes or did not
meet our criteria for inclusion. Studies included in the effect size analyses
can be found in Table 3 and Additional file 1: Table S1 (for detailed

task descriptions)

connectivity among neural regions in DS. Past research
has shown unique patterns of neural activity in children
with DS and, in particular, under-connectivity between
distant neural regions in those with DS compared to TD
controls [6, 138].

Lastly, as previously stated, AD neuropathology results
in neurodegeneration of the brain, particularly in the
medial temporal and frontal lobes. Imaging studies of
the DS population have revealed age-related atrophy in
the frontal and medial temporal lobes, particularly in the
hippocampus, similar to the beginning stages of AD in
the TD population ([139, 140]). Furthermore, studies
have shown hippocampal atrophy in adults with DS is
correlated with their performance on memory measures
([141]). However, neuroimaging data of the DS popula-
tion has shown atypical volume, as well as atypical
connectivity, in the frontal lobe and medial temporal
region, prior to the onset of AD [128-131]. Consequently,
it appears that AD neuropathology further alters already
atypical neural structures in DS.

Limitations and future directions

The current review is not without limitations. We will
note these here and focus on a few of these limitations to
draw attention to avenues for future research. First, in the
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current review, we have attempted to examine the degree
to which memory impairments in DS deviate from mental
age expectations at different age points. However, a more
effective way to examine developmental trajectories of
memory skills is to compare DS performance to chrono-
logical age expectations. This limitation in our review is
driven by the state of the literature, as the vast majority of
studies of individuals with DS compare performance to
younger, typically developing individuals based on mental
age. In most instances, it would be a foregone conclusion
that individuals with DS would perform more poorly than
those of the same chronological age without ID. Thus, the
desire in studies using MA-matched comparison groups is
to demonstrate that challenges in a particular memory do-
main are in excess of overall cognitive limitations. How-
ever, the inherent difficulty with this approach is that our
descriptions of cognitive abilities in DS (and other forms
of ID) are relative to overall mental abilities, which by def-
inition are atypical in this population. If the true desire is
to demonstrate the degree of impairment and ultimately
track this over time, then a chronological age-matched
comparison group would be more appropriate. However,
this leads us to another difficulty that is likely to be con-
tributing to the bias in the field, namely, limitations in
current assessment tools.

The availability of current instruments to evaluate
memory or other domains of neuropsychological func-
tioning is greatly limited by the developmental level of
the targeted participants. Often separate tests are devel-
oped for pediatric and adult populations, likely due to
difficulties designing tasks that would be easy enough
for a child to complete but challenging enough for an
adult to complete. Thus, researchers are left with the
task of identifying assessment tools that will be appro-
priately challenging for all participants in their study.
However, to truly understand how DS and other ID
groups’ performance on different neuropsychological do-
mains vary as a function of chronological age, better as-
sessment tools are needed. Thus, future research should
focus on developing such assessments. While there are a
few instruments available now that capture individual
differences across a wide age range (e.g., NIH toolbox,
some intelligence tests), more assessment tools are
needed to measure memory from infancy to adulthood.

Another potential limitation of the current review is
that some tasks (especially experimental ones) that were
classified as belonging to one of the three memory do-
mains (i.e., LTM, STM, WM) could be deemed by an-
other researcher as belonging to a different domain. We
encountered this on a few occasions when distinguishing
between STM and WM studies. Specifically, some re-
searchers (e.g., [142]) classified tasks as WM tasks (with
low cognitive load) that we classified as STM tasks using
our operational definitions of the two constructs. To
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increase transparency about our classification decisions,
we (a) provided detailed definitions of the distinctions
between LTM, STM, and WM in the methods, (b) gave
examples of the types of tasks that fall into these differ-
ent memory domains in each section of the review, and
(c) provided detailed descriptions of task demands for
the LTM, STM, and WM tasks included in our effect
size analyses in Additional file 1: Table S1.

While we recognize this limitation in the current re-
view, it is interesting to note that theories of memory
fragmentation are evolving and tending to rely less on
the temporal dimension of memory domain distinctions
(e.g., the difference between STM and LTM) and instead
focus more on the content to be remembered. For ex-
ample, based on both human and animal research on
the neural systems underlying different aspects of mem-
ory, Nadel and Hardt [48] argue that a representational
view of memory, rather than one that emphasizes the
temporal aspects of memory recall, may more accurately
capture how the brain stores memories. This more
nuanced view of memory has been applied in recent
research studies of DS (e.g., [143]) and has been
fruitful in identifying congruence between perform-
ance on different memory tasks by humans with DS
and animal models of DS. Thus, while the state of
the existing literature on DS necessitated the use of
these classical memory distinctions, evolving theories
of the embodiment of memory in the brain suggest
that new constructs and distinctions are likely to re-
sult in a revised description of the nature of memory
impairments in DS.

Fourth, as is apparent from a review of the tables and
figures in this paper, the bulk of research on memory
abilities in DS has been conducted with teens and young
adults. As a result, we know very little about the devel-
opment of these skills in preschool and early childhood
and in later adulthood. Currently available cognitive as-
sessments used to examine these skills are not adequate
to examine young children with DS. Consequently, with-
out adequate assessments, research has neglected to
examine these memory domains in younger children.
Given that DS is associated with precocious-onset Alz-
heimer’s disease, which involves declining LTM skills
[18] and executive functions [125, 126], more research is
needed early and later in life in order to document the
typical trajectory of these skills in DS. Identifying the
typical trajectory of memory abilities could support the
identification of developmental periods during which the
application of interventions would be most beneficial.
Additionally, such research may aid efforts to identify
Alzheimer’s disease symptoms sooner so that earlier in-
terventions may be implemented for those affected.

Fifth, in addition to the need to expand our knowledge
of the lifespan trajectories of different domains of memory
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function, there is also a need for greater research on the
relationships between memory and real-world outcomes,
such as IQ, academic success, and adaptive functioning.
Past research has suggested both STM and LTM abilities
are associated with intelligence scores (ie., STM r=.84,
LTM r=.52; [25]), adaptive behavior (ie., STM r=.0.39,
LTM r=.28; [25]), and language abilities (i.e., combined
STM and LTM scores r =.72; [9]) in DS. However, further
research, particularly using a longitudinal design, could
help pinpoint the cognitive underpinnings of the complex
learning deficits in DS and thus inform educational strat-
egies for these individuals.

Furthermore, although research has consistently docu-
mented adaptive function deficits in individuals with DS
[5, 6, 144], research examining the relation between mem-
ory and adaptive function remains very limited. The two
studies examining this relationship found that LTM per-
formance is predictive of adaptive function in teens with
DS, after accounting for age [9, 25]. However, no studies
of which we are aware examine this correlation in child-
hood or adulthood or utilize a longitudinal design to
evaluate this relation over time. If concurrent and predict-
ive associations do exist, interventions that target memory
(pharmaceutical or behavioral) could aid adaptive function
and, consequently, improve quality of life and inde-
pendence skills across the lifespan. Therefore, gaining
a better understanding of the relation between mem-
ory and adaptive function in the DS population is
vital due to the importance of adaptive function skills
for independence [145].

Moreover, more research on memory interventions is
needed across development. With regard to behavioral in-
terventions, research examining memory training effects
for those with DS has primarily focused on immediate re-
call or recognition skills (ie., STM). For example, verbal
STM abilities have been shown to improve through mem-
ory training that includes routine practice of STM tasks,
and practice of immediate rehearsal techniques ([146,
147]). Encouragingly, the limited research available has
demonstrated that improvements in verbal STM are asso-
ciated with language comprehension performance, sug-
gesting verbal STM training may also improve language
abilities in this group [146]. Complementing intervention
studies targeting verbal STM, research suggests improve-
ments in visual STM performance in youth with DS after
routine memory training ([148, 149]). Additionally, chil-
dren who completed memory training demonstrated
transfer effects (to other, untrained STM tasks), sug-
gesting that this training can result in generalization
beyond trained tasks to other types of tasks requiring
STM skills ([148, 149]). Future research should con-
tinue to focus on the utility of STM interventions to
shrink the gap between STM abilities and overall cog-
nitive abilities and more importantly improve real-
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world outcomes in language and reading abilities that
have been linked to this memory domain.

In addition to memory training, pharmacotherapy in
the DS population has been an area of focus in recent
years. Preclinical research on the Ts65Dn mouse, the
best characterized murine model of DS, created a strong
basis of understanding for clinical research. Specifically,
studies of the Ts65Dn mouse have shown that interven-
tions targeting GABA and NMDA receptors can improve
memory functioning, and pharmaceutical interventions
using neuroprotective agents and antioxidants can target
neurodegeneration (i.e., AD in DS; for review, see [150]).
However, clinical studies on individuals with DS have
found mixed effects for the pharmaceutical interventions
successfully used for the Ts65Dn mouse model. For ex-
ample, clinical studies examining antioxidant therapy have
failed to demonstrate cognitive improvement in both chil-
dren and adults with DS ([151, 152]). Additionally, donepe-
zil, thought to maintain levels of acetylcholine, which
influence memory and language abilities, has failed to im-
prove cognitive measures in individuals with DS ([153]). A
recent clinical trial has focused on the use of EGCG (epi-
gallocatechin-3-gallate) to improve memory functioning
([154]). EGCQG is an inhibitor of DYRKIA, a triplicated gene
thought to influence the expression of ID in DS. This study
found improvement in visual and verbal STM after
12 months of EGCG therapy. Lastly, memantine, an NMDA
antagonist, has produced mixed findings among clinical tri-
als. Boada ([155]) found adults with DS (ages 18 to 32) had
proved verbal (CVLT) and nonverbal (paired associates
learning) LTM performance compared to a placebo group.
However, Hanney [156] found that memantine therapy had
no effect for individuals with DS over the age of 40, suggest-
ing that the AD neuropathology may be too far progressed
at this age point for memantine to improve functioning. Al-
though there is still much research to be done in this field,
at least a few of the published early clinical studies demon-
strate the potential efficacy of pharmaceutical interventions,
and the need for earlier interventions before AD onset.

Lastly, research on memory abilities in DS could be sup-
plemented by examining implicit memory and the neural
systems underlying these abilities, including the basal ganglia
and cortico-striatal networks (for a review, see [31]). Further
exploration of this memory domain and research findings
that identify similar basal ganglia volumes in adults with DS
and chronological age-matched controls [135] could provide
insights into neurobiological underpinnings of this relative
memory strength and possibly identify compensatory targets
for intervention to improve learning and memory in DS.

Conclusion
In conclusion, while behavioral research studies and
neuroimaging investigations have provided a great deal
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of insight into the nature of memory impairments in DS
and their neural correlates, more functional imaging and
longitudinal research is needed to examine behavior-
brain relations directly in DS. In addition, research
employing nuanced memory tasks that have analogues
for murine models of DS (such as [143]) will be import-
ant for advancing our understanding of the neural and
possibly genetic underpinnings of the complex memory
difficulties faced by individuals with DS. Such research
could shed light on the etiology and developmental
unfolding of these impairments and their (predictive)
relations to real-world functioning over time. In turn,
these investigations may support the development of
targeted educational and pharmacological interventions
to improve quality of life for those with DS and their
families.

Finally, it is important to note that the quality of life and
lifespan trajectories of individuals with DS have signifi-
cantly improved over the past several decades and will
hopefully continue to do so (for review, see [10]). Conse-
quently, our understanding of adults with DS today can-
not be used to predict the well-being and capabilities of an
adult with DS in future years. Thus, it is important to
recognize that descriptions of adults with DS are evolving,
and thus, research will continue to be needed to provide
more accurate descriptions of the capabilities and needs of
adults with DS in future generations.
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