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Motor and cognitive changes in normal aging
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A commentary on

Effects of aging and involuntary capture
of attention on event-related potentials
associated with the processing of and the
response to a target stimulus
by Cid-Fernandez, S., Lindin, M., and Diaz,
F. (2014). Front. Hum. Neurosci. 8:745. doi:
10.3389/fnhum.2014.00745

In a recent study, Cid-Fernandez et al.
(2014) tested attentional performance in
3 age groups: young (21–29 years old),
middle-aged (51–64 years old), and older
adults (65–84 years old). The task used
in this study involved presenting both
visual and auditory cues to the partic-
ipants, and they were required to pay
attention to the visual cues while ignor-
ing the auditory cues (for task details, see
Escera et al., 1998). Cid-Fernandez et al.
(2014) found that there was an increase
in distractibility and changes in motor
selection in the middle-aged and older
groups, compared to the young group.
These findings were revealed using elec-
troencephalography analyses which related
different cognitive and motor processes
to different event-related potential com-
ponents. Impairment in sensory filtering
(e.g., longer time to characterize stimuli in
working memory), as revealed by differ-
ences in the N2b component among the
groups are presumed to explain the deficits
in motor processes (i.e., selection of motor
responses). It is thus suggested that these
cognitive working memory changes in
aging lead to slowing down of motor
response selection.

Other prior studies have investigated
changes in motor changes in aging (Light,
1990). In one study, it was reported that

abnormalities in motor processing are
not related to cognitive processing (Kolev
et al., 2006). For example, Falkenstein
et al. (2006) also reported abnormalities
in motor selection processes in healthy
aging. However, unlike the Cid-Fernandez
et al. (2014) study did not find a differ-
ent in early stimulus processing. Further,
Falkenstein et al. (2006) have only tested
younger and older adults. The differences
in findings could be related to different age
groups in both studies.

What is important about this study
is Cid-Fernandez and colleagues (a) have
tested both motor and cognitive processes
in (b) three age groups. Most existing stud-
ies on aging often compare younger (aged
18–30 or 50 years old) with older (aged
60 or 65 years and over) adults (Scott,
1994; Braver and Barch, 2002; Cabeza
et al., 2002; Fera et al., 2005; Weiler et al.,
2008; Willemssen et al., 2011; Brehmer
et al., 2012; Trewartha et al., 2014), and
thus do not reveal the subtle motor and
cognitive changes that may occur dur-
ing the aging process, for example at 40s
or 50s years old. Cid-Fernandez et al.
(2014) found that attentional and motor
changes can occur from 50 years onwards.
Since Cid-Fernandez and colleagues did
not recruit participants in their 40s, it is
not known whether such cognitive and
motor changes can occur at a younger age
than reported by the authors. Similarly,
studies that recruit only younger and older
adults may not reveal the exact age (or
age group) at which behavioral and neural
changes occur.

Importantly, there are studies that
test behavioral performance in more age
groups than those recruited in the Cid-
Fernandez et al. (2014) study (see for

example studies by Davis et al., 2003, 2013;
Krishna et al., 2012; Stark et al., 2013). One
such study (Davis et al., 2003) recruited 4
groups: Group 1 (30–44 years old), Group
2 (45–59 years old), Group 3 (60–74 years
old), Group 4 (75–90 years old). Using
the Rey Auditory Verbal Learning Test
(RAVLT, which measures memory acqui-
sition, recall, and recognition), Davis et al.
(2003) found that memory acquisition was
lower in the 60–74 and 75–90 age groups,
compared to the other groups. They also
found that forgetting after one-day delay
was more common in some, but not all,
participants in the 75–90 years old group,
in comparison to the other age groups.
These findings suggest that impairment in
cognitive performance occur at different
times during the aging process, depending
on the cognitive process being investigated
as well as age group.

Other studies have recruited partici-
pants across various age groups and cor-
related behavioral performance with age
(Davis et al., 2013; Stark et al., 2013). For
example, Stark and colleagues reported
impaired performance in hippocampus-
based tasks in some aging populations
(Stark et al., 2013; Bennett et al., 2014).
One recent study by Davis and colleagues
have recruited participants from age 5 to
age 90 (Davis et al., 2013), which is proba-
bly among the most inclusive studies of age
groups. Davis and colleagues found that
verbal learning impairments were com-
mon among children and older adults in
comparison to younger and middle-aged
adults. The benefit of having such a wide
range of age groups is to reveal at which
age acquisition (in early ages) as well as
decline (in older age) of motor and cog-
nitive processes may occur.

Frontiers in Aging Neuroscience www.frontiersin.org November 2014 | Volume 6 | Article 331 | 1

AGING NEUROSCIENCE

http://www.frontiersin.org/Aging_Neuroscience/editorialboard
http://www.frontiersin.org/Aging_Neuroscience/editorialboard
http://www.frontiersin.org/Aging_Neuroscience/editorialboard
http://www.frontiersin.org/Aging_Neuroscience/about
http://www.frontiersin.org/Aging_Neuroscience
http://www.frontiersin.org/journal/10.3389/fnagi.2014.00331/full
http://community.frontiersin.org/people/u/15417
mailto:a.moustafa@uws.edu.au
http://www.frontiersin.org/Journal/10.3389/fnhum.2014.00745/abstract
http://www.frontiersin.org/Journal/10.3389/fnhum.2014.00745/abstract
http://www.frontiersin.org/Journal/10.3389/fnhum.2014.00745/abstract
http://www.frontiersin.org/Journal/10.3389/fnhum.2014.00745/abstract
http://www.frontiersin.org/Aging_Neuroscience
http://www.frontiersin.org
http://www.frontiersin.org/Aging_Neuroscience/archive


Moustafa Motor and cognitive changes in normal aging

Cid-Fernandez et al. (2014) suggest that
their behavioral and physiological find-
ings of impaired attentional performance
can be related to changes in the prefrontal
cortex during aging. This is supported
by an extensive body of research show-
ing impaired prefrontal function during
the aging process (West, 1996; Braver and
Barch, 2002; Solbakk et al., 2008; Wang
et al., 2011; Johnson et al., 2013). In
addition to the prefrontal cortex, healthy
aging also affects the basal ganglia and
hippocampus structures as well as neu-
rotransmitters projecting to these brain
regions, including dopamine and acetyl-
choline (Kaasinen et al., 2000; Inoue et al.,
2001; Small et al., 2011). However, it is
argued that brain changes (as well as cor-
responding behavioral decline) do possibly
occur at different degrees and at different
times during the aging process (Krishna
et al., 2012). In one recent study, we
found that older adults (75 and above)
show more impairment in hippocampal-
based tasks compared to less older adults
(60–70 years old), but basal ganglia-based
learning was impaired in the older and
less older groups (Krishna et al., 2012;
also see Moustafa et al., 2012). Thus,
future work should explain how alter-
ations to certain brain regions and neuro-
transmitters correspond to specific motor
and cognitive changes in different age
groups.

The Cid-Fernandez et al. (2014)
findings have implications for the under-
standing of motor and cognitive problems
associated with age-related neurodegen-
erative disorders, including Parkinson’s
and Alzheimer’s diseases. Prior stud-
ies have also reported deficits in the
selection of motor responses, yet it
is not known whether these deficits
are due to motor and/or cognitive
abnormalities in these in different age-
related neurodegenerative disorders
(Hocherman et al., 2004; van Deursen
et al., 2009).
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