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Introduction

There exists a qualified general belief that 
aging and brain capacity are inversely 
linearly related (An increase in age results in 
a decrease in cognitive capacity). However, 
it remains unclear to what extent does aging 
affect electrophysiology and neurophysiology 
[1–6]. In the present paper, we examine how 
a neurophysiological signal associated with 
perceptual processing and attention changes 
during the course of normal aging. More 
specifically, we examine the P200 event-
related potential (ERP) which is believed to 
signify attentional recruitment and modulates 
perceptual processing.

Aging may sometimes be characterized 
by a widespread decline in physiological, 
and psychological performance [9]. However, 
its effects on cognitive function are still not 
completely understood. When investigated 
across time, there are several capabilities that 
do differ in stability with increasing age, but it 
remains that age-induced changes in certain 
cognitive capacities, such as attention, are 

still not very well understood. In a study by 
Commodari et al. (2008), it was demonstrated 
that age affected attentive efficiency, but, 
notably, such a decline does not involve all 
attentional components [10]. More specifically, 
with regards to P200, age-related differences 
were found for novel stimuli (i.e. target/
low-probability stimuli) [11]. In this regard, 
enhancement of P200 has been shown to 
partly suggest the occurrence of an interaction 
between frontal brain areas used for evaluation 
and posterior brain areas used for perceptual 
representation while identifying a task-relevant 
stimuli [7], and it may be the case that P200 is 
an indication of stimulus evaluation rather than 
response production [8].

Bennett et al. (2004), with 13 younger 
participants and 12 older participants, found 
age-related differences in ERPs [12]. Also, 
age-related changes in the brain can affect 
inhibitory neurotransmission of cortical and 
subcortical neurons. Such an effect, in turn, may 
affect the response properties of neurons and 
temporal processing. Furthermore, inhibition 
is a very influential modulatory mechanism for 

different cortical and sub-cortical processes 
that influence neuronal network plasticity, 
oscillations, and control of response [13–16].

With regards to cognitive function decline 
and neurodegeneration, it has been shown 
that there exists a link between cognitive 
performance associated with pathological 
aging (i.e. Alzheimer’s disease) and deficit in 
the inhibition of redundant information and 
that specific ERP gating deficit in pathological 
aging correlates to frontal neuropsychological 
function [17,18]. Moreover, attentional 
mechanisms can be either bottom-up or top-
down. The bottom-up system can result in 
automated reaction and unspecific alertness 
to sensory input. On the other hand, the 
top-down system allows for modulation of 
processing and stimulus recognition [14,19,20]. 

As detailed above, there is an inverse 
relationship between increasing age and 
brain capacity. Also, there is still no consensus 
on the effects of aging on neurophysiology 
and electrophysiology. Additionally, although 
studies have shown aging effects on attention, 
there is still no consensus on whether or not 
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ERPs are affected by aging and, if so, how 
are such ERPs affected by aging. Such ERP 
studies and especially those investigating 
P200 remain limited. Therefore, the present 
study aims to investigate and assess any age-
related differences in the P200 ERP waveform’s 
amplitude and latency for both standard (high-
probability) stimuli, target (low-probability) 
stimuli. 

Methods

Participants
Younger participants (YP; mean age = 34 years, 
SD = 3.0, n=14) and older participants (OP; 
mean age = 47 years, SD = 6.0, n = 14) were 
recruited from staff working at the Health 
Sciences Center, Kuwait University. Younger 
participants were in a young age adulthood 
category and older participants were in a 
middle age adulthood category. All participants 
were right-handed and did not complain from 
cognitive, neurological, or psychological 
problems. Ethical approval was granted from 
the Health Sciences Center Ethical Committee. 

Evoked Potential Procedure
ERP recording was done using a 256-channel 

dense array EEG system (GES 410 by Electrical 
Geodesics, Inc.), that uses saline for conduction, 
situated in an electrically shielded and sound-
attenuated room. The 256 EEG electrodes 
were embedded in a HydroCel Geodesic 
Sensor Net (Electrical Geodesics, Inc.). The 
acquisition software used was Net Station 5.1 
(Electrical Geodesics, Inc.). The sampling rate 
was set at 1000 Hz. Given that the EEG system 
is considered a high-impedance system, the 
electrode impedance was kept well below 50 
kilo-ohms [21]. For each participant, the net 
was properly adjusted, and it was made sure, by 
scalp markings, that Cz was on the vertex and 
that the Fz-Cz-Pz were on the midline of the 
scalp. The remaining electrodes were placed in 
accordance with the geodesic structure of the 
net. 

While being situated in a comfortable chair, 
in front of a computer screen, with their right 
index finger situated on the response keypad 
and the EEG net on their head, participants 
were respectively given verbal instructions on 
the task. The task used was an oddball task that 

was programmed in EPrime 2.0 (Psychology 
Software Tools, Inc.) stimuli presentation 
software. The oddball task consisted of standard 
(high-probability) stimuli and target (low-
probability) stimuli. The ratio of standards to 
targets is 80:20. The standard was represented 
by an “O” and the target was represented 
by an “X”. The Xs and Os were displayed in 

random order for a 500 ms appearance and 
were interleaved by a fixation cross (ITI = 1000 
– 2500 ms). Each participant was instructed to 
not respond to fixations and Os, and to only 
respond to Xs by pressing a response key. Each 
participant had two practice runs, followed by 
3 experiment runs (each run was 6.7 minutes in 
duration). 

Figure 1. The two-dimensional averaged ERP voltage map for YP at 180 ms latency for the target (low-probabil-
ity) stimuli. Dark red is negative and bright yellow is positive ( scale: -7.0µV - 7.0µV). The orientation of the figure 
is with the nose at the top of the figure and looking down at the top of the head. 

Figure 2. The two-dimensional averaged ERP voltage map for YP at 195 ms latency for the standard (high-proba-
bility) stimuli. Dark red is negative and bright yellow is positive (scale: -2.0µV - 2.0µV). The orientation of the figure 
is with the nose at the top of the figure and looking down at the top of the head. 
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Evoked Potential Analysis
All ERP data underwent pre-processing and 
post-processing using Net Station 5.1 (Electrical 
Geodesics, Inc.). All data were filtered using a 
0.1-30 Hz Bandpass filter. Then, the recorded 
data was segmented into epochs. The epochs 
commence at 100 ms before the onset of the 
target stimulus and end 700 ms after the 
onset. An 18 ms offset for the segment was 
set, which was based on a timing test done 
prior to the experiment runs. Artifact detection 
and artifact removal algorithms of Net Station 
5.1 (Electrical Geodesics, Inc.) were used to 
remove eye movements (max amplitude – min 
amplitude > 55 µV), eye blinks (max amplitude 
– min amplitude > 140 µV), bad channels (max 
amplitude – min amplitude > 200 µV).

In post-processing, first, bad-channel 
replacement was done where detected bad 
channels were replaced with interpolated data 
from the good channels that remained. Then 
all segments were averaged, and an average 
reference montage operation was done. Using 
a baseline of 100 ms before stimulus onset and 
lasting for 100 ms a baseline correction was 
performed. 

Careful inspection of the post-processed 
data was carried out to find the P200 ERP peak 
across the scalp. Given our interest in the P200 
and that it occurs primarily in frontal-central 
scalp electrode locations, at the 150-250 
ms temporal domain, we have selected the 
following electrode sites for further analysis: 
Cz, Fp1, Fp2, Fz, F3, F4.

Using the statistic extraction method in 
Net Station 5.1 (Electrical Geodesics, Inc.), 
the P200 peaks and latencies were extracted 
for all participants. Then, a two-sample t test 
was performed for the P200 peak amplitude 
followed by another two-sample t test for the 
P200 latency. SPSS (IBM SPSS Statistics for 
Windows Version 25) was used to perform the 
t tests. 

Results

YP’s P200 mean peak amplitude (4.3 µV) for the 
target (low-probability) stimuli was significantly 
greater than that of the OP group (3.3 µV) at 
p=0.032. As for the standard (high-probability) 
stimuli, there was no significant difference 

(p=0.646) between YP’s mean peak amplitude 
(2.4 µV) and OP’s mean peak amplitude (2.3 µV). 

As for target (low-probability) latency for 
P200, YP showed significantly shorter mean 
latency (180 ms) compared to OP (199 ms) at 
p=0.001. On the other hand, the P200 mean 
latency for the standard (high-probability) 
stimuli showed no significant difference 

(p=0.371) between YP (195 ms) and OP (199 
ms). 

Both YP and OP age groups showed a clearly 
visual peak in electrophysiological signal 
intensity at frontal-central scalp locations 
between 150-250 ms after event onset. Figure 
1 shows the averaged voltage scalp EEG map 
for the target (low-probability) P200 ERP for 

Figure 3. The two-dimensional averaged ERP voltage map for OP at 199 ms latency for the standard (high-
probability) stimuli. Dark red is negative and bright yellow is positive (scale: -2.2µV - 2.2µV). The orientation of the 
figure is with the nose at the top of the figure and looking down at the top of the head. 

Figure 4. The two-dimensional averaged ERP voltage map for OP at 199 ms latency for the target (low-probabili-
ty) stimuli. Dark red is negative and bright yellow is positive (scale: -4.4µV - 4.4µV). The orientation of the figure is 
with the nose at the top of the figure and looking down at the top of the head. 
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YP at 180 ms. Figure 2 shows the averaged 
voltage scalp EEG map for the standard (high-
probability) P200 ERP for YP at 195 ms. Figure 
3 shows the averaged voltage scalp EEG map 
for the standard (high-probability) P200 ERP 
for OP at 199 ms. Figure 4 shows the averaged 
voltage scalp EEG map for the target (low-
probability) P200 ERP for OP at 199 ms. Figure 5 
provides single subject ERP waveforms for the 
target stimuli (showed age-related significant 
difference in latency and amplitude) for both 
YP and OP.

Discussion

Common behavioral indices are not specific 
enough to provide enough information 
about processes that are involved at the time 
of encoding. In fact, compared to ERP they 
are delayed relative to the process under 
investigation. ERPs provide an immediate 
record of brain activity that is associated 
with a given stimulus. Moreover, some ERP 
components may in fact reflect operations of 
cognitive processes caused by the stimulus 
within the context of the participant’s task [22; 
23]. Among these components is the P200.

The present study examined the effects 
of age on P200 ERP latency and amplitude. 
ERP measures were obtained during the 
performance of an oddball task in both a 
younger age group (Younger participants; 
YP; mean age = 34 years, n=14) and an older 
age group (Older participants; OP; mean 
age = 47 years, n = 14). The results showed 
that advanced age resulted in slower ERP 
latency and larger ERP wave amplitude. More 
specifically, the P200 ERP mean latency of 
the younger age group for the target (low-
probability) stimuli was significantly faster 
(180 ms) compared to the older age group 
(199 ms). However, the difference in P200 ERP 
mean latency between the age groups for 
the standard (high-probability) stimuli was 
not significantly different. As for the P200 
ERP mean peak amplitude, the younger age 
group, for the target (low-probability) stimuli, 
showed significantly larger amplitude (4.3 µV) 
compared to the older age group (3.3  µV). 
On the other hand, the P200 ERP mean peak 
amplitude did not show any significant 

difference between the two age groups for the 
standard (high-probability) stimuli. 

In a study of 12 younger and 12 older adults 
results showed that both ERP amplitude and 
ERP latency were affected by age, and that 
the older group had a smaller ERP amplitude 
and longer ERP latency compared to the 
younger group [22]. Also, using an oddball task, 
another study [24] found a strong relationship 
between age and ERP latency. On the other 
hand, Bahramali (1991) found no significant 
association between ERP amplitude and age 
[25]. Friedman et al. (1998), also using an 
oddball task, did find ERP age effects. In another 
study, Kok (2000) showed ERPs to be smaller 
and of longer duration in older than younger 
participants [26]. Given that, and due to 
relatively limited research efforts with regards 
to ERP and aging, there is still no consensus on 
how and if ERP is affected advanced age. 

Moreover, in a 2001 study by McEvoy et al., 
in which ERPs were recorded from younger and 
older age groups (n=10 per group), it was found 
that the latency of the P200 was not affected 
by age, but the P200 amplitude was found to 
be larger for older participants compared to 
younger participants. Despite these findings, 
age-related changes in the amplitude of P200 
is still not well understood [27]. In our present 

Figure 5. ERP waveforms at Fz (A: Target stimuli for YP, B: Target stimuli for OP). 

study, we found that the P200 target (low-
probability) stimuli amplitude and latency 
to be affected by age, in which the younger 
participants (YP) showed faster latency and 
larger amplitude for P200 compared to older 
participants (OP). 

One of the major neuropsychological 
hypotheses is that there is a change in frontal 
lobe function with increasing age [28; 29]. Also, 
it is more difficult for older adults to inhibit 
responses to task-relevant events [30–32] 
which is a function that depends on intact 
frontal lobe functioning [33; 34]. On a more 
functional level, the frontal lobe is involved 
in generating top-down control signals for 
attentive switching. These signals may then be 
fed to visual processing areas in the brain. Also, 
parts of the frontal lobe play a crucial role in the 
ability to switch attentional control on the basis 
of changing demands of a given task [35]. 

In the light of these evidence, and given 
that P200 is primarily frontally distributed, 
our findings indicate that the modification 
of the P200 characteristics seems to relate 
to age-related brain changes. These age-
related changes seem to affect the inhibitory 
neurotransmission, which in-turn affects 
neuronal response properties and temporal 
processing. On the same note, it is worth 
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noting that inhibition can influence neuronal 
plasticity and response control, which in return 
may have implications on higher level neuronal 
processing in the brain.
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