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Evaluation of P300 components for emotion-loaded visual
event-related potential in elderly subjects, including those
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Aim: In the present study, the P300 component of
the emotion-loaded visual event-related potential in
response to photographs of babies crying or smiling
was measured to evaluate cognitive function in
elderly subjects, including those with dementia.

Methods: The subjects were 48 elderly people who
consulted a memory disorder clinic. The visual event-
related potential was measured using oddball tasks.
Brain waves were recorded from four sites. We ana-
lyzed the P300 amplitude and latency. Subjects were
divided into three groups (the dementia with
Alzheimer’s disease group [ADG]; the intermediate
group [MG], and the healthy group [HG]) based on
the Revised Hasegawa Dementia Scale, Mini-mental
State Examination scores and the Clinical Dementia
Rating.

Results: For all subjects, there was a significant posi-
tive correlation between P300 latency and Z-score of
voxel-based specific regional analysis for Alzheimer’s
disease for crying or smiling faces. There was a nega-

tive correlation between P300 amplitude and Z-score
for the crying face. MG subjects were divided into two
groups (high risk: HRMG, low risk: LRMG) based on
Z-scores (HRMG ≥ 2.0). The P300 amplitude of ADG
was significantly smaller than that of HG, and the
P300 latency of ADG was significantly longer than
those of other groups for crying or smiling faces. The
P300 latency of HRMG was significantly longer than
that of LRMG for the smiling face. Furthermore, the
P300 latency for the crying face was significantly
shorter than that for the smiling face in HG and ADG.

Conclusion: These findings suggest that analysis of
P300 components of the emotion-loaded visual
event-related potential may be a useful neuropsycho-
logical index for the diagnosis of Alzheimer’s disease
and high-risk subjects.

Key words: Alzheimer’s disease, emotion, P300 com-
ponents, visual event-related potential, voxel-based
specific regional analysis for Alzheimer’s disease.

A LARGE NUMBER OF studies have been con-
ducted to examine the relation between atten-

tion and cognitive function of the P300 component.

Many studies support the assertion that the P300
component is an endogenous potential that is gen-
erated to address psychological uncertainty about a
subject when information is provided and changes
according to the type of informational stimulus.1

However, there are different opinions regarding
what kind of brain activity influences the P300
component.

The P300 component is considered to be generated
from more than one source, including the hippocam-
pus, the border between temporal and vertex areas,
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and the lateral prefrontal area.2,3 Polich1,4 suggested
that the amplitude of P300 indicates the amount of
attention resource allocation, and P300 latency rep-
resents the speed of allocating attention resources.
This researcher also reported that the P300 compo-
nent not only reflected the re-allocation of resources
for information processing, but that it also changed
depending on the psychological state (attitude,
emotion, etc.) of a subject influenced by tasks and
stimulatory conditions.5,6

It is known that P300 latency becomes longer
with increasing age4,6 and in Alzheimer’s disease
(AD) patients.7,8 However there have been no
studies supporting a significant decrease in the
amplitude. Recently, we reported that P300 latency
becomes longer and P300 amplitude becomes
smaller in AD patients.9 This means that the
amount of allocated attention resources is smaller in
AD patients, in addition to them showing a decrease
in the speed of allocating attention resources and an
increase in the time required for the assessment of
stimulation.

In this study, subjects were divided into three
groups (dementia with AD group [ADG], interme-
diate group [MG], and healthy group [HG]) using
the Revised Hasegawa Dementia Scale (HDS-R),10

the Mini-mental State Examination (MMSE)11 and
the Clinical Dementia Rating (CDR)12 as scales for
assessment of the symptoms of dementia. Further-
more, MG subjects were divided into two groups
(high-risk [HRMG] and low-risk [LRMG]) based on
Z-score13 of voxel-based specific regional analysis for
AD (VSRAD).14 We conducted an analysis of the
P300 component: its amplitude and latency. The
aim was to determine whether or not P300 compo-
nents are a useful neurological index for the diag-
nosis of AD and high-risk subjects who might
develop dementia.

METHODS

Subjects

The subjects were 48 elderly people who consulted a
memory disorder clinic (mean age ± SD: 72.29 ± 7.01
years). They were divided into the dementia with AD
group (ADG: HDS-R ≤ 20 or MMSE ≤ 23, CDR ≥ 1)
using the Alzheimer’s criteria of the National Institute
of Neurological and Communicative Disorders and
Stroke and the Alzheimer’s Disease and Related Dis-
orders Association;15 the intermediate group (MG: not
ADG, not HG), and the healthy group (HG: HDS-R
and MMSE ≥ 28, CDR = 0) based on HDS-R, MMSE
scores and CDR. Furthermore, MG subjects were
divided into a high-risk group (HRMG) and a low-risk
group (LRMG) based on Z-scores of VSRAD plus those
obtained from magnetic resonance imaging (MRI).
The HRMG reflected a Z-score of more than 2.0 points,
while the LRMG reflected one of less than 2.0 points,
in accordance with previous research that suggests that
AD is possible in patients with Z-scores of more than
2.0 points.13 Each group included 12 subjects. The HG
included three men and nine women aged 71.0 ± 5.9
years; the LRMG included six men and six women
aged 71.6 ± 8.2 years; the HRMG included three men
and nine women aged 74.3 ± 6.1 years; and the ADG
included seven men and five women aged 74.1 ± 7.2
years. There were no significant differences in age
among the four groups (see Table 1). Subjects with AD
had no history of cerebral infarction or hemorrhage,
and showed no impairment of motor, linguistic, or
auditory functions.

Electroencephalogram recording

Event-related potential (ERP) was recorded from
Ag/AgCl electrodes at Fz, Cz, Pz and Oz positions, as

Table 1. Profile of subject

Age HDS-R MMSE Z-score

HG 71.0 ± 5.9 28.5 ± 0.7 28.8 ± 0.9 1.14 ± 0.40
LRMG 71.6 ± 8.2 23.3 ± 5.5 26.3 ± 1.5 0.97 ± 0.56
HRMG 74.3 ± 6.1 25.2 ± 2.9 26.3 ± 1.7 2.58 ± 0.59
ADG 74.1 ± 7.2 17.9 ± 3.2 20.7 ± 3.1 3.48 ± 1.27

ADG, Alzheimer’s disease group; HDS-R, Revised Hasegawa Dementia Scale; HG, healthy group; HRMG, high-risk
intermediate group; LRMG, low-risk intermediate group; MMSE, Mini-mental State Examination.
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designated by the International 10–20 System, with
reference electrodes connected at the mastoids. A
forehead electrode served as the ground. Electrodes
were affixed above and lateral to the left eye to
monitor horizontal and vertical eye movements. All
impedance was kept below 5 KΩ and the band pass
filter was 0.5–50 Hz. The P300 latency was estimated
from the latency of the largest positive peak within
the time range of 300–600 ms. The P300 amplitude
was calculated from the baseline to the peak of the
positive waveform within a time window of 300–600
ms (pick-up method, Polich).4

Protocol for recording ERP and evaluating
facial expression

The visual event-related potential was measured
using an oddball task (target stimulation: a crying or
a smiling face; non-target stimulation: a neutral face
with no facial expression). The probability of the
presentation of target stimuli was 20% and that of
non-target stimuli was 80%. Stimulus duration was
200 ms. Photographs were presented in a random
sequence at a mean interval of 2000 ms. Emotions
depicted included pleasure (smiling) and sadness
(crying), with each type of photograph being
presented in an equal probability for target stimuli.
Each subject sat in a sound-attenuated, electrically
shielded room and was asked to relax with their eyes
open. All subjects were asked to gaze at the baby’s
face on a TV monitor positioned 1.0 m away. They
were asked to push a button with their dominant
hand in response to target stimuli. Subjects were
requested to refrain from blinking during the test. An
averaged waveform was obtained from 20 artifact-
free individual target stimuli for each type of picture
for each block. One block consisted of non-task
and task for each type of picture. Trials that
exceeded ± 50 μV were automatically rejected from
the averaging process. Two blocks (smiling and neu-
trality, crying and neutrality) presented to each
subject constituted one session. The smiling and the
crying photographs were counterbalanced.16 Sessions
included the presentation of two photographs
(smiling and crying) during task performance to
sustain attention and arousal levels (pressing a
button upon seeing the target photographs). After
completing a session, subjects were asked to look
closely at each of three photographs (smiling, crying
and neutral) to evaluate the affective facial expres-
sion. All patients responded correctly for the three

photographs: smiling face caused pleasure, crying
face caused sadness, and neutral face did not cause
any emotion. In the present study, we chose the sub-
jects who correctly answered more than 80% with a
reaction time of less than 650 ms.

Statistical analysis

ERP data were examined using two-way ANOVA

(group × emotion) for each recording site. Next,
whether interaction was obtained or not, one-way
ANOVA (groups) was evaluated for each emotion or
recording site, and one-way ANOVA (emotion) was
evaluated for each group or recording site. Further-
more, one-way ANOVA (order) was evaluated to check
the order effect. Tukey’s test-determined post-hoc was
used to test for significant differences between the
groups. The correlation between P300 measures and
symptom scores, Z-score of VSRAD, was expressed as
Pearson’s product-moment correlation coefficient
(r). A probability lower than 5% was considered to
indicate statistical significance. Values are presented
as the mean ± SD in the text.

RESULTS

P300 amplitude

By two-way ANOVA (group [ADG, HRMG, LRMG,
HG] × emotion [crying, smiling]), a significant inter-
action was not obtained. A significant difference was
observed between the groups (Fz: F[3,88] = 4.91,
P < 0.01; Cz: F[3,88] = 8.47, P < 0.001; Pz: F[3,88] =
7.92, P < 0.001; Oz: F[3,88] = 8.26, P < 0.001), but
no significant difference was observed for emotion.
In one-way ANOVA (groups) for each emotion and
recording site, when viewing a crying face, a signifi-
cant difference was observed (F[3,44] = 2.81,
P < 0.05). The amplitude in the ADG was signifi-
cantly smaller than that in the LRMG (P < 0.05) and
HG (P < 0.05) in Fz. The amplitude in the ADG was
significantly smaller than that in the HG (P < 0.001)
and the amplitude in the HRMG was significantly
smaller than that in the HG (P < 0.05) in Cz. The
amplitude in the ADG was significantly smaller than
that in the HG (P < 0.01) in Pz and Oz. When
viewing a smiling face, a significant difference was
observed (F[3,44] = 2.81, P < 0.05). The amplitude in
the ADG was significantly smaller than that in the HG
(P < 0.05) in Cz. The amplitude in the ADG was sig-
nificantly smaller than that in the HRMG (P < 0.05)
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and HG (P < 0.05) in Pz. The amplitude in the ADG
was significantly smaller than that in the HG
(P < 0.05) in Oz (see Figs 1,2).

P300 latency

By two-way ANOVA (group [ADG, HRMG, LRMG,
HG] × emotion [crying, smiling]), a significant inter-
action was not obtained. A significant difference
was observed between the groups (Fz: F[3,88] =
27.73, P < 0.001; Cz: F[3,88] = 25.04, P < 0.001; Pz:
F[3,88] = 28.15, P < 0.001; Oz: F[3,88] = 22.43,
P < 0.001), and for emotion (Fz: F[1,88] = 4.88,
P < 0.05; Cz: F[1,88] = 10.76, P < 0.01; Pz: F[1,88] =
10.81, P < 0.01; Oz: F[1,88] = 8.16, P < 0.01). When
viewing a crying face, a significant difference was
observed (F[3,44] = 2.81, P < 0.001). The latency in
the ADG was significantly longer than that in the:
HRMG (P < 0.05): LRMG (P < 0.001); and HG
(P < 0.01) in Fz. The latency in the ADG was signifi-
cantly longer than that in the: HRMG (P < 0.05);
LRMG (P < 0.001); and HG (P < 0.001) in Cz. The
latency in the ADG was significantly longer than that
in the: HRMG (P < 0.01); LRMG (P < 0.001); and HG
(P < 0.001) in Pz. The latency in the ADG was signifi-
cantly longer than that in the: HRMG (P < 0.01);
LRMG (P < 0.001): and HG (P < 0.001). The latency
in the HRMG was significantly longer than that in the
HG (P < 0.05) in Oz.

When viewing a smiling face, a significant differ-
ence was observed (F[3,44] = 2.81, P < 0.001). The
latency in the ADG was significantly longer than that
in the: HRMG (P < 0.01); LRMG (P < 0.001); and HG
(P < 0.001). The latency in the HRMG was signifi-
cantly longer than that in the LRMG (P < 0.01) in Fz.

The latency in the ADG was significantly longer
than that in the: HRMG (P < 0.05); LRMG
(P < 0.001); and HG (P < 0.001). The latency in the
HRMG was significantly longer than that in the
LRMG (P < 0.05) in Cz.

The latency in the ADG was significantly longer
than that in the: HRMG (P < 0.05); LRMG
(P < 0.001); and HG (P < 0.001). The latency in the
HRMG was significantly longer than that in the
LRMG (<0.05) in Pz.

The latency in the ADG was significantly longer
than that in the: LRMG (P < 0.01); and HG
(P < 0.001) in Oz (see Figs 1,3).

In one-way ANOVA (emotion) for each group and
recording site, a significant difference was observed
between the ADG and HG. In the ADG, the latency

when viewing a smiling face was significantly longer
than that of a crying face in Fz (P < 0.05), Cz
(P < 0.05), and Pz (P < 0.05). In the HG, the latency
when viewing a smiling face was significantly longer
than that of a crying face in Cz (P < 0.05) and Pz
(P < 0.05) (see Fig. 4).

Reaction time

When viewing a crying face, the reaction time in the
ADG was 561.5 ± 23.3 ms; in the HRMG it was
506.8 ± 41.5 ms; in the LRMG it was 481.5 ± 46.2
ms; and in the HG it was 477.1 ± 37.6 ms. When
viewing a smiling face, the reaction time in the ADG
was 590.5 ± 35.6 ms; in the HRMG it was
543.3 ± 33.8 ms; in the LRMG it was 484.3 ± 52.5
ms; and in the HG it was 506.8 ± 25.9 ms.

When viewing a crying face, a significant difference
was observed (F[3,44] = 12.37, P < 0.001). The reac-
tion time in the ADG was significantly longer than
that in the: HRMG (P < 0.01); LRMG (P < 0.001);
and HG (P < 0.001). When viewing a smiling face, a
significant difference was observed (F[3,44] = 17.62,
P < 0.001). The reaction time in the ADG was signifi-
cantly longer than that in the: HRMG (P < 0.05);
LRMG (P < 0.001); and HG (P < 0.001). The reaction
time in the HRMG was significantly longer than that
in the LRMG (P < 0.01).

The reaction time when viewing a smiling face was
significantly longer than that of a crying face
(P < 0.05).

MRI (VSRAD)

Z-scores in the ADG and HRMG were significantly
higher than those in the LRMG and HG. There were
significant differences between the Z-scores in the
ADG and in the: HRMG (P < 0.05); LRMG
(P < 0.001); and HG (P < 0.001); and between the
Z-scores in the: HRMG and LRMG (P < 0.001); and
HG (P < 0.001). However, there was no significant
difference between the Z-scores in the LRMG and HG.

There was a significant positive correlation
between P300 latency and Z-score when viewing
crying faces (Fz: r = 0.484, P < 0.01, Cz: r = 0.589,
P < 0.01, Pz: r = 0.604, P < 0.01, Oz: r = 0.540,
P < 0.01) and smiling faces (Fz: r = 0.679, P < 0.01,
Cz: r = 0.653, P < 0.01, Pz: r = 0.623, P < 0.01, Oz:
r = 0.552, P < 0.01). There was a negative correlation
between P300 amplitude and Z-score when viewing a
crying face (Fz: r = −0.477, P < 0.01, Cz: r = −0.495,
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Figure 1. Grand-averaged waveforms in the Alzheimer’s disease group (dotted lines), the high-risk intermediate group (broken
lines), the low-risk intermediate group (unbroken lines) and the healthy group (solid lines) when viewing a crying or a smiling
baby’s face.
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P < 0.01, Pz: r = −0.409, P < 0.01, Oz: r = −0.446,
P < 0.01) (see Table 2).

There was a significant negative correlation
between the Z-score of VSRAD and HDS-R (r =
−0.471, P < 0.01) and MMSE (r = −0.504, P < 0.01)
scores for all subjects. However there was not a sig-
nificant negative correlation in the ADG. There was a
significant negative correlation between MMSE scores
and the severity of whole-brain atrophy (r = −0.589,
< 0.01) in the ADG.

DISCUSSION
In terms of the P300 amplitude, a significant differ-
ence was observed between the groups. When
viewing a crying face, the amplitude in the ADG was
significantly smaller than that in the HG (Fz:
P < 0.05, Cz: P < 0.001, Pz: P < 0.01, Oz: P < 0.01).

When viewing a smiling face, the amplitude in the
ADG was significantly smaller than that in the HG
(Cz: P < 0.05, Pz: P < 0.05, Oz: P < 0.05). In terms
of the P300 latency, a significant difference was
observed between the groups. The latency in the
ADG was significantly longer than that in the HG
(all recording sites: P < 0.001, for both emotions).
In addition, the P300 latency in the HRMG was sig-
nificantly longer than that in the LRMG when
viewing a smiling face (Fz: P < 0.01, Cz: P < 0.05,
Pz: P < 0.05).

We reported that P300 latency becomes longer and
P300 amplitude becomes smaller in AD patients.9 In
this study, P300 amplitude in the ADG was signifi-
cantly smaller than that in the HG and P300 latency
was significantly longer than that in the HG. This
means that the amount of allocated attention
resources is smaller in AD patients, in addition to
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Figure 2. Peak amplitudes of P300 in the Alzheimer’s disease group (ADG) (◆), the high-risk intermediate group (□), the
low-risk intermediate group (△) and the healthy group (HG) (●) were plotted against recording sites (abscissa) when viewing
a crying or a smiling baby’s face. The P300 amplitude in ADG was significantly smaller than that in the HG when viewing crying
or smiling faces.
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Figure 3. Mean latencies of P300 in the Alzheimer’s disease group (ADG) (◆), the high-risk intermediate group (HRMG) (□), the
low-risk intermediate group (LRMG) (△) and the healthy group (●) were plotted against recording sites (abscissa) when viewing
a crying or a smiling baby’s face. The P300 latency in the ADG was significantly longer than those of other groups when viewing
crying or smiling faces. The P300 latency in the HRMG was significantly longer than that in the LRMG when viewing smiling faces.
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Figure 4. An influence of P300 component by emotion (crying: ●, smiling: △). The P300 latency when viewing a crying face was
significantly shorter than that when viewing a smiling face in the healthy group (HG) and the Alzheimer’s disease group (ADG).
HRMG, high-risk intermediate group; LRMG, low-risk intermediate group.
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them showing a decrease in the speed of allocating
attention resources and an increase in the time
required for the assessment of stimulation.1,4

The amplitude of the P300 is controlled multipli-
catively by the subjective probability and the task
relevance of the eliciting events, whereas its latency
depends on the duration of stimulus evaluation. The
P300 is a manifestation of activity occurring when-
ever the context-updating model of the environment
must be revised.17

The P300 latency in response to crying was signifi-
cantly shorter than that when reacting to smiling in
the Cz and Pz sites in both the ADG and the HG, but
not the MG, especially the LRMG. A possible reason
for this is the difference in the influences of the two
facial expressions as targeted stimulation, smiling
and crying, on emotion; emotions are more vividly
evoked by crying (unpleasant stimulus) than smiling
(pleasant stimulus). According to the results of pre-
vious studies, the P300 component is affected by
emotions.1,18 The stimulus of watching crying is
assumed to draw more attention from subjects, and
to enhance the allocation function.16,18

As the feelings of joy and sorrow evoked by pleas-
ant and unpleasant stimuli and emotional responses
caused by these feelings are important functions in

interpersonal relationships, it is interesting that these
emotional responses were noted in the ADG as well
as in the HG.

More women than men have AD; thus the sex dif-
ference is important in both P300 factors and the
influence of the emotion. Further study is needed to
evaluate the sex gap in the emotional process of AD.

Reinholdt-Dunne et al.19 reported that the combi-
nation of high anxiety and poor attention control was
associated with greater cognitive interference by emo-
tional faces.

In this study, the facial cognitive and emotional
effects in the MG were similar to responses in the HG.
Social functioning in the LRMG was better than in the
ADG. Because LRMG subjects felt strong anxiety in
their present conditions, they could not generate as
natural a response to emotional stimulation as the
HG, whereas the HRMG had atrophy of the brain and
showed a response similar to the ADG.

There was a significant positive correlation
between Z-score of VSRAD and P300 latency in all
recording sessions when the subjects were stimulated
by both crying and smiling faces. For a crying face, a
negative correlation was noted between Z-scores and
the P300 amplitude in all recording sessions. There
was a significant negative correlation between Z-score
of VSRAD and HDS-R (r = −0.471, P < 0.01) and
MMSE (r = −0.504, P < 0.01) scores for all subjects.
Indeed, Li et al.20 reported that HDS-R tended to be
negatively correlated with Z-score of VSRAD, and
VSRAD was a useful indictor of early diagnosis of AD.

Oishi et al.21 reported that a more severe degree of
atrophy of the entorhinal cortex, higher Z-scores,
and longer P300 latency were noted in their AD
group compared with those in the healthy group.
These results are consistent with those of this study:
Z-scores of VSRAD in the ADG were significantly
higher than those in the HG and the P300 latency
in the ADG was markedly longer than that in the
HG. The results of our study indicate a marked cor-
relation between Z-scores of VSRAD and the P300
latency, as reported by Oishi et al., although there
was no significant negative correlation between
Z-scores of VSRAD and MMSE scores in the ADG.
This may be because the MMSE score of the AD
group of Oishi et al.21 was lower than that of the
ADG in this study.

While a negative correlation between Z-score of
VSRAD and MMSE scores may be observed in
advanced dementia, it is likely that the latter remains
relatively high in the majority of mild cases.

Table 2. Correlation between P300 measures and
symptom

HDS-R MMSE Z-score

Amp Fz Cry 0.312* 0.359* −0.477**
Smile 0.083 0.187 −0.041

Cz Cry 0.477** 0.340* −0.495**
Smile 0.404** 0.264 −0.251

Pz Cry 0.482** 0.262 −0.409**
Smile 0.438** 0.278 −0.317*

Oz Cry 0.489** 0.385** −0.446**
Smile 0.355* 0.270 −0.268

Lat Fz Cry −0.401** −0.427** 0.484**
Smile −0.450** −0.476** 0.679**

Cz Cry −0.558** −0.521** 0.589**
Smile −0.285* −0.354* 0.653**

Pz Cry −0.570** −0.566** 0.604**
Smile −0.353* −0.429** 0.623**

Oz Cry −0.603** −0.574** 0.540**
Smile −0.356* −0.387** 0.552**

*P < 0.05, **P < 0.01.
HDS-R, Revised Hasegawa Dementia Scale; MMSE,
Mini-mental State Examination.
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In fact, in the present study, HDS-R and MMSE
scores were correlated with the severity of whole-
brain atrophy more markedly than Z-score of
VSRAD in the ADG. This was probably because
HDS-R and MMSE scores reflected the level of
atrophy of the brain as a whole as the entorhinal
cortex, and tended to be influenced by aging and
academic background.9,22

In this study, there was a significant correlation
between P300 components and Z-score for all sub-
jects. In addition, the amplitude in the ADG was
significantly smaller, and the latency in the ADG was
significantly longer than those in the HG. Therefore,
P300 components are a useful neurological index for
the diagnosis of AD.

We hope to identify a ‘high-risk intermediary
group’12 during the early stages, and perform preven-
tive evaluations, such as eye movement measure-
ment, in consideration of the risk of developing AD
among HRMG patients.

In this study, the scores of HDS-R and MMSE in the
HRMG and the LRMG classified by Z-scores of
VSRAD did not differ significantly.

Therefore, the scores of HDS-R and MMSE are
useful as scales for assessment of the symptoms of
dementia, but they are not useful as scales for distin-
guishing between HRMG and LRMG.

The P300 latency in the HRMG was significantly
shorter than that in the ADG, and significantly longer
than that in the LRMG when viewing a smiling face in
particular. Therefore, P300 latency is important for
the early detection of high-risk subjects. Further study
is needed to evaluate the cut-off point of P300 latency
when viewing a smiling face.

We are planning to examine the utility of the P300
component to facilitate the above-mentioned early
detection and prevention of dementia through a peri-
odic medical check-up.
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