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Abstract

Context: Divided attention is impaired in the early stages of Alzheimer’s disease (AD). The influence of divided attention on people
with AD has been considered from different perspectives, such as motor ability, cortical responses, performance in divided attention
evaluation tasks, and comparison of divided attention and directed and focused attention. The purpose of the current study was to
investigate divided attention in AD patients from these different perspectives.
Evidence Acquisition: An electronic search was performed in January and February 2016 in PubMed, Science Direct, Medline,
Scopus, Google Scholar, and Ovid databases to obtain relevant articles published from 1980 to 2015. The keywords used included
“Alzheimer’s disease”, “attention”, and “divided attention”. The articles obtained were studied using the following standard proto-
col for inclusion criteria written in the English language, the focus of studies was on divided attention in AD, and no other types of
cognitive ability. From the 60 articles found, 10 articles that were adhered to the inclusion criteria were selected for consideration.
Results: The 10 studies reviewed considered divided attention in AD from different domains. These domains showed that AD pa-
tients had impaired performance in tasks that required divided attention and showed deficits in motor tasks stemming from the
negative effects of impaired divided attention on motor ability. Different types of brain deficits have been observed in neuroimaging
techniques in individuals with AD during divided attention tasks. Those with AD showed greater impairment for divided attention
than for directed and focused attention.
Conclusions: Divided attention influences the lives of those with AD from several perspectives. These include the inability to focus
on two or several relevant stimuli simultaneously that require divided attention rather than directed and focused attention and a
deficit in the performance of motor tasks such as gait and other problems in daily life, such as falling. In addition, depression also
had a negative effect on divided attention. Depressed AD patients had more difficulty in daily activities than AD patients without
depression. The areas of the brain involved in divided attention in individuals with AD differ from those involved in unaffected
people.
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1. Context

Alzheimer’s disease (AD) is the most common neurode-
generative disease in older people. It is estimated that 5.5
million Americans will experience Alzheimer-type demen-
tia (1). Alzheimer’s disease results in severe impairment
of cognitive components such as memory, executive func-
tion, language, and attention (2).

All mental activities require attention (3). It has been
stated that attention dysfunction is the cornerstone of de-
creased cognitive function in AD (4). Generally, attention
is categorized as selective, sustained, and divided (3). Nev-
ertheless, divided attention can be considered as only one
part of selective attention (4). Divided attention is accom-
panied by concentration on more than one stimulus or
task simultaneously (3-5). This type of attention is likely to

be the earlier domain of attention control, which is influ-
enced in AD (3, 4, 6-16).

The effects of divided attention on life are obvious as
well as varied and a few studies have considered them sep-
arately thus far. Nestor et al. (17), used the duel task re-
action time paradigm to investigate divided attention in
mild to moderate AD and found that individuals with AD
at all stages show impairment in this task. Some studies
have demonstrated that divided attention is more affected
than directed attention in AD. It has been understood that
the primary deficit in the attention of individuals with AD
is impairment in the distribution of attentional resources
between multiple stimuli (12, 13, 15). The reason for this im-
pairment is disengagement and shifting of attention be-
tween multiple stimuli (16, 18, 19). Divided attention af-
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fects functional mobility such as gait and postural stability.
Thus, individuals with AD take shorter steps, have a lower
gait rate, reduced step alternation, and inconsistency in
gait when compared with the normal population (20-24).

The purpose of the current study is to investigate di-
vided attention in individuals with AD from different do-
mains.

The research questions that were addressed in this
study are:

- In which brain regions does divide attention function
in normal and AD brains?

- Is divided attention one of the most vulnerable types
of attention in Alzheimer’s disease?

- What tests demonstrate divided attention deficits in
AD?

- What is the importance of such tests in AD?
- What does the capacity-sharing theory say about di-

vided attention performance for simultaneous cognitive
and motor tasks?

- What are the differences between people suffering
from AD with and without depression on divided attention
tasks?

2. Evidence Acquisition

An electronic search was performed during January
and February 2016 in PubMed, Science Direct, Medline, Sco-
pus, Google Scholar, and Ovid databases as well as related
journals to obtain relevant articles published from 1980 to
2015. For this study, some inclusion and exclusion crite-
ria were considered. The inclusion criteria were: written
in the English language, availability of the full text of ar-
ticles, type of articles were original as well as review arti-
cles and the focus of studies was on divided attention and
AD, and all papers have been published between 1989-2015.
The exclusion criteria were: studies that were published
before 1980 and in a language other than English, stud-
ies regarding the AD and other cognitive abilities, such
as working memory and executive function. In the first
phase of the search, “attention” and “Alzheimer’s disease”
keywords were used and 72 articles were obtained. In
the second phase of the search, “divided attention” and
“Alzheimer’s disease” keywords were used and 60 articles
were obtained. Implementing the inclusion criteria re-
sulted in 10 articles. A summary of the search and access
to articles stages are shown in Figure 1.

3. Results

A total of 10 articles that were adhered to all exclusion
and inclusion criteria were ultimately selected. These ar-
ticles considered divided attention in individuals with AD
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Figure 1. Stages of search to obtain relevant articles.

during divided attention tasks, functional mobility in AD
patients relevant to divided attention, comparison of di-
vided attention and other kinds of attention, assessment
of these kinds of attention, and the influence of depression
on divided attention in individuals with AD. Table 1 indi-
cates a summary of this review.

Several studies examined the brain activity and cortical
responses in AD sufferers during divided attention tasks.
Generally, Nestor et al. (17), found that there is a correla-
tion between brain metabolism dysfunction (in the right
frontal and parietal lobes) and response to divided atten-
tion tasks in Alzheimer patients. Johannsen et al. (25),
stated that there were deficits in frontal performance dur-
ing divided attention tasks in individuals with the AD. In
addition, brain activity patterns become weaker in persons
with the AD when faced with the complexity of divided at-
tention tasks.

Other articles studied the performance of AD patients
during divided attention tasks. Nebes et al. (8), showed a
similarity of function of Alzheimer patients and the nor-
mal control group in visual search tasks for divided at-
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tention assessment. In the other words, performance in
the divided attention tasks becomes weaker in Alzheimer
patients with increasing array size of the stimulus (com-
plexity). Filoteo et al. (10), stated that AD patients were
impaired for inconsistent global-local stimuli (different
forms at the global and local levels, such as a large “1” made
from many small “2s”) rather than consistent global-local
stimuli (same form at global and local levels, such as a large
“1” made from many small “1s”). They found that impair-
ment occurs during the shifting of attention from one level
to another. Grady et al. (7), showed that Alzheimer patients
showed greater impairment on a dichotic test than on a
monotic test.

Sheridan et al. (26), examined the effects of divided at-
tention on the motor abilities of individuals with AD. They
found that patients with AD showed deficits in divided at-
tention exhibited impairment in motor skills and step fre-
quency, rate (time), and length of step as well as impair-
ment in gait, which eventually leads to falls. Pettersson et
al. (27), concluded that gait was influenced in a dual-task
condition for individuals with AD compared with normal
people. De Melo-Borges et al. (28), stated that in all phases
of a TUG task (Table 1), participants with mild cognitive im-
pairment (MCI) performed worse than the normal group
and better than the AD group, especially on the divided at-
tention task.

Nakaaki et al. (29), concluded that depressed individu-
als with AD performed worse on cognitive flexibility and di-
vided attention tasks than individuals with AD without de-
pression. In the last study, Rodda et al. (14), stated that Sub-
jective Cognitive Impairment (SCI) and control groups did
not differ on neurocognitive or socio-demographic mea-
sures, however, on the fMRI, the SCI group showed en-
hanced activation in the caudate bilateral thalamus, poste-
rior cingulate, Hippocampus, and Para hippocampal gyrus
during the divided attention task.

The only limitation of the current study was the lack of
access to articles published before 1989, which could have
had negative effects on the results.

4. Conclusions

This section addresses the questions posed in the Con-
text section. The network hypothesis states that central
processors are separate modules with specific anatomical
regions that allocate different resources for various atten-
tion tasks and attention functions for selective, sustained,
and divided attention (30). The frontal, parietal, basal gan-
glia, and thalamus have been found to be involved in di-
vided attention (17, 31). The temporal, middle frontal, pos-
terior cingulate, and subcortical areas are also affected by
Alzheimer’s disease (7).

Cortical response to sustained and divided attention
in AD was as follows; in both types of attention, the me-
dial frontal area was activated and the frontal and poste-
rior cingulate structures and subcortical sites were deac-
tivated in AD. In contrast, in normal individuals, both di-
vided and sustained attention excited activation of the in-
ferior parietal lobule and the medial frontal gyrus in the
right direction; however, only the anterior cingulate gyrus
was activated in sustained attention (25). Therefore more
cortical areas are activated during divided attention than
sustained attention in AD patients rather than in the nor-
mal group (25). The cortical area involved in divided atten-
tion tasks can be used as a differentiation tool for a diag-
nosis of Alzheimer’s disease. Individuals suffering from AD
perform like normal people during the focused (8) and di-
rected attention (10) tasks, therefore divided attention is
more sensitive to brain damage than other tasks.

A number of dual or multiple tasks have been used in
previous studies to assess divided attention. These tasks
are listed below:

- Auditory-simple reaction time and visual choice reac-
tion time tasks are presented concurrently (17).

- Visual and vibro-tactile stimuli are presented simulta-
neously (25).

- Global-local stimuli (in this task, the subjects must si-
multaneously attend to both global and local stimuli and
report whether or not the global form of the number with
numbers written by them is the same) (10).

- The staggered spondaic word test (attention should
be shared between different words presented to each ear
simultaneously) (17).

- Talk-while-walking (TWW) (26, 27)
- Timed-up-and-go (TUG) test in four experimental

stages: (1) single TUG task, (2) TUG plus a cognitive task, (3)
TUG plus a manual task, (4) TUG plus manual, and cogni-
tive tasks. In the first phase, the single TUG task was im-
plemented alone. In the second phase, the TUG test was
incorporated with a verbal fluency task (animal category).
In the third phase, the TUG test was performed while car-
rying a full glass of water. The fourth stage triple TUG test
uses both manual and cognitive tasks (a verbal fluency test
(animal category) while carrying a full glass of water). The
results showed that TUG 2 and 4 were more impaired than
TUG 1 and 3, which suggests that the cognitive tests inter-
fere with functional mobility more than the motor tests.
This finding underlines the impression of the task of cog-
nition as the highest requesting factor in the divided atten-
tion task (28). These phases of the TUG test could be used to
discriminate between MCI and AD groups, due to the fact
that those suffering from AD require more time to com-
plete this task.

It has been demonstrated that individuals with AD re-
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veal impaired function on clinical tests (7, 10, 17, 27). Daily
living activities are often multiple functions in which di-
vided attention is required for implementation. Testing
can accurately reflect divided attention deficits in AD and
are useful for differential diagnosis of divided attention
and other types of attention deficit. These tests help dur-
ing assessment and treatment of different dimensions of
divided attention dysfunction in people with AD. They can
be used as rehabilitation intervention to improve the mul-
tiple functions that are required in daily living in people
suffering from AD.

Gait requires more attention in parallel with atten-
tional sources during aging. Capacity-sharing theory
states that implementing a talking task while walking may
cause a sluggish gait or lagged performance on the second
task (talking, manual and/or cognitive task). This is espe-
cially true for the elderly (32). Several studies have shown
that divided attention impairment causes gait deficits (33,
34). These results support the idea that over-learned motor
skills such as gait require attentional control. Attentional
capacity as a plexus function requires to intact perception.
The absence of sensory integration of the posterior higher
cortical area disturbs executive capacity (26). Jahanshahi
et al. (35), concluded that gait, as a routine or previously
learned action, does not require attentional control. Stern
et al. (36) illustrated the importance of input and attention
from the superior cortical motor centers to implement typ-
ical movements, similar to what is required for learning a
recent motor task. These results protect the important ef-
fect of executive function and attention on gait variability
in individuals with AD.

Nakaaki et al. (29), suggested that depression effects
people with AD and can increase deficits in cognitive and
divided attention skills. In AD, symptoms of depression
are known to happen from the primary phase of the dis-
ease. It also affects divided attention and executive func-
tions, leading to worsening of the symptoms in individu-
als with AD. Neuroimaging research has shown that dys-
function of the prefrontal cortex is a significant compo-
nent of depression in patients with AD (37). Other re-
searchers have demonstrated that individuals suffering
from AD with depression showed hypo-metabolism in the
frontal lobe comprising the left anterior cingulate and su-
perior frontal cortices of both directions and the right an-
terior cingulate gyrus (37).

Research has demonstrated that either the dorsolat-
eral prefrontal cortex or the anterior cingulate gyrus play
significant roles in the implementation of the dual tasks.
These have shown significant impairment in depressed in-
dividuals with AD (37-40). These results support the idea
that dual-task dysfunction is related to depression and di-
vided attention in individuals with AD. Unlike divided at-

tention, which is disturbed in depressed people with AD,
there was no significant effect for other types of attention,
such as sustained and selective attention. The necessity of
investigating divided attention in depressive people with
AD is evident.
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Table 1. Review Studies

Author Aim of Study Participants Materials & Methods

Specific Tests Other Tests

Nestor et al. (1991) (17) Considering the relevance
between reaction time
assessment probate single
and duel tasks qualification
and brain metabolism resting
levels.

Mean age of ten patients was
66.4± 9.2 and mean
education of them was 15.5 ±
3.0 years. Mean MMSE scores
was 23 ± 2.9. Mean age of
nine persons as control group
was 66.5 ± 3.6 years and
mean education of 16.4± 2.4
years (matched with the
patient group).

1. Auditory simple reaction
time task, 2. Visual choice
reaction time task, 3. Visual
choice reaction time and
Auditory simple reaction
time tasks were presented
simultaneously

1. Wechsler adult intelligence
scale, 2. Wechsler memory
scale, 3. MMSE

Johannsen et al. (1999) (25) Comparison patterns of
cerebral activation during
divided and sustained
attention between Persons
with AD and normal elderly
population.

Sixteen right-handed persons
with AD, without depression
and vascular dementia with
mild to moderate severity.

1. Visual and vibrotactile
stimulus in the format of
attention task, 2. PET scan

1. MMSE, 2. Mattis dementia,
scale, 3. Hamilton’s
depression scale, 4. Oldfield’s
handedness scale

Nebes et al. (1989) (8) Comparison between normal
young and elderly individuals
with persons with AD on
focused and divided
attention.

Eighteen patients with mean
age 70.6. Eighteen older with
mean age 70.4 and eighteen
young normal persons with
mean age 23.1 as a control
group. The older control
group was matched for age,
sex and education and young
group sex and education.

1. Presenting letters in
one-channel tachistoscope

1. Dvorine Color, Vision test, 2.
Boston naming test, 3.
Abbreviated similarities
subtest of the Wechsler adult
intelligence scale. 4. Verbal
fluency test, 5. Trail making
test

Filoteo et al. (1992) (10) Investigating performances
between individuals with AD
and normal group on divided
and directed attention tasks
of RT.

Fourteen AD patients and
fifteen normal control that
matched with patient group
in terms of sex, age and
education.

1. Global-local stimuli 1. Boston naming test, 2. Test
of visuospatial abilities, 3.
Block design subtest of the
Wechsler adult intelligence
scale

Grady et al. (1989) (7) Considering the causes of
inability in dichotic
performance (inability in the
divided attention or the
inability to perceive degraded
auditory stimuli

Thirty-two AD patients with
mild to moderate severity
and with the mean age of 63.6
± 9.4. 33 healthy volunteers,
age-matched to the patients,
with the mean age 63.7 ± 7.0.
All the participants had
normal hearing sensitivity.
With high-frequency cochlear
hearing deficits, bilaterally.

1. SSW which is a doctrinal test
in which attention sharing
between diverse words. These
words are presented to each
ear concurrently, 2. Degraded
monotic speech material that
presented monaurally is a
test for assessing auditory
processing

Sheridan et al. (2003) (26) To assess how cognitive
function and divided
attention affects gait in
persons with AD.

Twenty-nine persons with AD
without stroke, Parkinson
disease and gait disorders
followed by disease of
primary motor areas. The
patient must be able to walk
without cooperation.

1. Duel task (walking duration
talking)

1. Mini-mental state
examination, 2. Clock
drawing test, 3. Verbal
fluency, 4. Digit span, 5.
Clinical dementia rating scale

Pettersson et al. (2007) (27) Considering the influence of
cognition on motor
performance using two
simple tasks (walking and
talking) in mild cognitive
impairment (MCI) and a
person with AD.

Six AD group, six mild
cognitive impairment group,
and twenty-five normal
control group with 45 to 64
ages.

1. Duel task test (talk while
walking)

Another task: 2. MMSE.
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De Melo-Borges et al (2015)
(28)

Considering whether
functional mobility with or
without divided attention
would be a suitable test in
distinguishing persons with
mild cognitive impairment
from healthy elderly
participants from cognitive
aspect and persons with mild
AD.

104 participants with 60 to 88
ages with different degree of
cognitive impairment.
Minimum years of education
were four. Participants must
be without orthopedic and
neurological disorders.

1. TUG 1. MMSE, 2. Short, cognitive
test, 3. Executive interview –
exit 25, 4. Verbal fluency,
animals category

Nakaaki et al (2007) (29) Emphasizing specific
impairments of executive
functions and attention, such
as divided attention and
cognitive flexibility in
patients with depression.

Twenty persons with AD with
depression and twenty one
persons with AD without
depression that matched
with persons with AD with
depression in sex, age, MMSE
score, and education. Twenty
one normal elderly control
group.

1. Duel task (pencil and paper
measure)

1. Wechsler adult intelligence
scale-revised, 2. Wechsler
memory scale-Revised, 3.
Stroop test, 4. Letter fluency
test, 5. Structured interview,
guide for the Hamilton rating
scale for depression, 6.
Rey-osterrieth complex
figure, 7. Trial making test, 8.
Digit symbol test

Rodda et al (2011) (14) Investigating whether SCI
(individuals with memory
deficit, but with intact
neurocognitive skills) would
be related to changes of brain
activation in the attentional
processing.

Eleven individuals with SCI
with mean age 64.6 and mean
years in education 10.9 and
ten control group with mean
age 68 and mean years in
education 10.1.

1. The divided attention task
included 10 alternating
blocks of divided attention
and control attention
conditions

1. Memory clinic assessment
include psychiatric interview,
mental state examination, 2.
Neurocognitive measures
include Cambridge cognitive
examination, MMSE, 3.
Logical memory test, 4.
Wechsler memory scale III, 5.
National adult reading test, 6.
Trail making test, 7. letter
fluency, 8. Naming and
ideational fluency

Abbreviations: MMSE, Mini-mental state examination; SCI, subjective cognitive impairment; SSW, staggered spondaic word test; TUG, Timed Up and Go test.
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