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Abstract
Background: We assessed implicit and explicit emotion in older patients with dementia using biosignals. Methods: Fifty patients
with dementia and 34 healthy individuals watched 3 videos that aimed to elicit various emotional responses. Electro-
encephalogram and heart rate variability were recorded. Results: Patients with dementia experienced less fun and more fear than
controls. The high frequency (HF) from the baseline in response to funny stimulation as well as HF from neutral to fear stimulation
in the dementia group increased further than in the control group. The slow wave (SW)–fast wave (FW) ratio from neutral to
funny stimulation in the control group increased further than in the dementia group. The SW-FW from neutral to fear stimulation
was further decreased in the dementia group than in the control group. Conclusions: Although patients with dementia were
more sensitive to implicit affect, they showed more enhanced imbalance between positive and negative affect in explicit
affect assessment.
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Introduction

Emotion in Patients with Dementia

The ability of older people to accurately recognize emotion is

crucial to maintaining interpersonal relationships, which can

lessen withdrawal from social interactions and poor communi-

cation in patients with dementia.1-3 Several studies have sug-

gested that older adults are emotionally more negative

(measuring fear, anger, sadness, and disgust) than younger

adults.4,5 As a result of poor recognition of negative emotions,

older adults have an attentional bias away from negative emo-

tion stimuli and an attentional bias toward positive emotion

stimuli, such as a happy face.5 Interestingly, this age bias was

not associated with explicit affect but with implicit affect.6

Explicit affect can be defined as conscious affective experi-

ence that is assessed using questionnaires or scales.7 Implicit

affect is associated with the impulsive systems and automatic

activation of cognitive representations of affective experi-

ences.8 The Implicit Positive and Negative Affect Test (IPA-

NAT)7 and implicit association test (IAT)9 are different

methods used to test implicit affect. However, these tests for

implicit affect that also require cognitive ability are too complex

to be applied to people with dementia. Recently, studies have

attempted to assess implicit affect using psychophysiological

responses such as electroencephalography (EEG)10 and heart

rate variability (HRV).11

Slow Wave–Fast Wave Ratio of EEG in Response to
Affective Stimulation

Electroencephalogram signals are conventionally classified

into slow wave (SW) activity including d (1-3 Hz) and y (4-7

Hz) and fast wave (FW) activity including the b band (13-30

Hz). The SW within the frontal lobe is reported to be associated

with emotion and motivation.12,13 The y activity of EEG within

the anterior cingulate cortex is reported to predict depressive
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mood states in patients with major depressive disorder.13 The y
activity of EEG within medial frontal cortex could be associ-

ated with reward response.12 Moreover, several studies have

suggested that the SW-FW ratio could be a useful tool to

assess emotional–cognitive interactions.14 The SW-FW ratio

may represent a transient affect15 and performance in

emotion–cognitive experimental tasks. Increased SW-FW ratio

is known to predict less fearful or fear-inhibited behaviors.14,16

Fear-reducing situations increase frontal d power and d-b ratio

within the frontal lobe.16 The frontal lobe has provided a par-

ticular area of focus when investigating emotion recognition in

old age.17-19 Although aging leads to widespread gradual atro-

phy of the whole brain, frontal and temporal lobes undergo

substantial age-related changes.18 In particular, earlier and

more rapid brain volume loss is observed within frontal areas

in old age.17,19

Heart Rate Variability in Response to Affective Stimuli

In past decades, HRV has been used to represent autonomic

nervous system responses to phobic stimulation.20,21

Couyoumdjian et al20 suggested that complex emotion prob-

lems were not associated with subjective emotional reaction

but associated with physiological changes (decreased heart rate

and increased HRV) in response to phobic stimulation. In

varying spectral bands of HRV, high-frequency (HF) band and

HF/low frequency (LF) band are known to be suitable indices

to assess emotions such as joy and relaxation.22 The HF band

with a range between 0 and 0.04 Hz is considered to measure

parasympathetic activity due to respiratory sinus arrhythmia.22

The LF band with a range between 0.04 and 0.15 Hz is con-

sidered to measure sympathetic and parasympathetic activity

on the heart.22

Hypothesis

In the present study, we sought to assess implicit and explicit

emotion in patients with dementia using simple methods with

biosignals. We hypothesized that patients with dementia would

show an imbalance of emotional expression in terms of implicit

and explicit affective experiences, when compared to healthy

older people.

Methods

Participants

Since the implementation of long-term care insurance systems

in Korea in 2008, an increasing number of senior citizens with

dementia reside within nursing homes.23 From March 2017 to

June 2017, 62 elderly patients (defined as 65 years or older)

who were residents at a nursing home in Incheon, South Korea,

and 38 elderly people who were visiting Incheon-Seogu wel-

fare assembly center as outpatients were asked to participate in

the study. Of 100 elderly people, 3 were excluded because they

could not understand the process and goals of the study. In

total, 97 people agreed to participate. Thirteen people were

excluded owing to a history of psychiatric treatment, including

major depressive and anxiety disorders. Fifty patients with

dementia and 34 healthy controls were recruited. All partici-

pants were assessed using the Mini-Mental State Examination

(Korean version; K-MMSE), the clinical rating scale for

dementia (CDR), and the Korean version of the positive and

negative affect schedule (K-PANAS). Criteria for inclusion

were participants�65 years of age. The exclusion criteria were

(1) participants with history of, or a current episode of, another

psychiatric disease; (2) participants with substance abuse or

dependence problems (except drinking alcohol without an

intent to become intoxicated in a social setting); and (3) parti-

cipants with a history of neurological or medical diseases.

All participants were categorized based on K-MMSE and

CDR scores; less than 24 in K-MMSE and greater than 0.5

in CDR for dementia, and greater than 25 in K-MMSE for

healthy control participants. Final diagnoses were confirmed

with data and clinical consensus from 2 clinical doctors (S.H.L.

and H.G.). The Incheon Eun-Hye Hospital Institutional Review

Board approved this study. All participants provided informed,

written consent. The contents of the informed consent were

written by 2 doctors (S.H.L and H.G.) to be read easily and

comprehended by patients with dementia.

Mini-Mental State Examination Korean Version

The MMSE, a brief mental status assessment tool, has been

validated for use in many countries.24 The K-MMSE is a

Korean version of MMSE that showed similar validity with the

original MMSE.25

Clinical Rating Scale for Dementia

The CDR is a structured interview protocol that focused on 6

areas: memory, orientation, judgment, problem-solving, com-

munity affairs, home and habit, and personal care. Scores in

each area are combined to obtain a total score ranging from

0 to 3.26

Korean Version of the Positive and Negative Affect
Schedule

The PANAS is one of the most widely used affect assessment

tools and was developed to assess positive affect from 10

items and negative affect from 10 items. Each item is rated

from 1 (not at all) to 5 (very much).27 The Korean version of

PANAS (K-PANAS) was developed and verified with Cron-

bach a ¼ .84.28

Heart Rate Variability Recording

During the trials, the HRV of each patient was also monitored

using a Bluetooth heart rate sensor wrapped around the

patient’s chest (Polar Electro Inc., Bethpage, NY, USA).
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Electroencephalogram Recording

All participants were asked to watch videos that represented

funny, fear, or neutral emotions, respectively. Each video was

presented for 1 minute. After each video was finished, the

degrees of emotion in all participants were assessed using the

5-point Likert- visual analogue scale for 20 seconds. The order

of videos was as follows: neutral (1 minute), funny (1 minute),

neutral (1 minute), and fear (1 minute). Funny videos contained

a comic reindeer dancing and babies smiling. The fear video

consisted of death scenes from the fire location and Korean

War. The neutral video consisted of a visual noise scene and

a screen-tuning scene. To verify the characteristics of each

video, we asked 20 control participants to rate the videos. The

agreement rates for each video were as follows: 19 (95%)

people in the video for funny and 18 (90%) people in the video

for fear. To check for levels of distress, 5 people with dementia

watched the videos including neutral, funny, and fearful scenes

before confirming the use of the videos for this study. The

range of MMSE scores of people with dementia was from 12

to 17. All of the participants were able to watch all of the

videos. While watching the videos during the study, partici-

pants could stop watching at any time if they felt distress in

response to the videos. However, there was no one who stopped

watching the videos during the study.

The EEG data were acquired with a single channel-sensing

headset with a ThinkGear-AM module, at 10 mV/mm sensitiv-

ity, which outputs 12-bit Raw Brainwaves (3-100 Hz) with a

sampling rate of 512 Hz (NeuroSky, Silicon Valley, Califor-

nia). Electroencephalogram acquisition was obtained from the

mono electrode site of the forehead above the eye (FP1) in the

dominant hemisphere. Electroencephalogram activity was

recorded continuously during the entire video trial (total 4

minutes; Figure 1). The electrode included the chipset for ana-

log filtering with a band-pass filter (0.5-30 Hz) and notch filter

to eliminate electrical noise at 50 Hz. Other noise artifacts

caused by eye blinks, ocular movement, and facial muscle

movement were also eliminated automatically using proprie-

tary algorithms supplied by NeuroSky.29 Since other noise

artifacts have a higher frequency than EEG signals, these can

be filtered out using a low-pass filter with a 30 to 40 Hz cutoff

frequency.30 The analogue signal is then converted to a digital

format in the headset circuit board and transmitted via Blue-

tooth to the NeuroView date acquisition software. Based on

previous studies of the correlation between SW-FW ratio and

emotional change,14,15,18 we analyzed only the changes in the

SW-FW ratio in response to all 3 videos.

Statistics

The difference in demographic data, emotional responses, and

EEG at baseline between severe dementia, mid dementia, and

healthy controls was analyzed using the independent Student

t test. The changes in emotional response and EEG between

emotional stages were assessed with a mixed analysis of var-

iance. All statistical analyses were performed using IBM SPSS

statistics 24.0 (IBM Corp, Armonk, New York).

Results

Participants

There were no significant differences in age, sex, and handed-

ness between patients with dementia and healthy controls.

However, there were significant differences in K-MMSE

(t ¼ 14.5, P < .01) and CDR scores (t ¼ 12.3, P < .01) between

the 2 groups. The patients with dementia had a mean K-MMSE

score of 12.8 + 4.4 and mean CDR score of 1.6 + 0.6. In

addition, patients with dementia showed lower scores for pos-

itive affect (t ¼ 5.7, P < .01) but higher scores for negative

Figure 1. Representative still images from each of the trial videos.
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affect (t ¼ 2.2, P < .01) in PANAS scales, when compared to

the results from the control group (Table 1; Figure 2).

Comparison of Emotional Reactivity in Emotional
Stimulation

The control group (3.8 + 1.0) experienced more emotions

related to fun in response to stimulation with funny content,

compared those in the dementia group (2.7 + 0.8; t ¼ 5.3,

P < .01). In addition, the control group (2.6 + 0.7) experi-

enced less fear emotions in response to fear stimulation,

compared to those in the dementia group (3.2 + 1.1;

t ¼ 2.9, P < .01; Figure 2).

Changes in HRV

There were significant differences in the pattern of HF changes

between the dementia group and healthy controls (F ¼ 5.23,

Table 1. Comparison of Demographic Characteristics Between Patients With Dementia and The Control Group.

Dementia Group, n ¼ 50 Control Group, n ¼ 34 Statistics

Age 71.5 + 4.3 years 71.1 + 5.5 years t ¼ 0.30, P ¼ .76
Sex, male/female 6/44 5/29 w2 ¼ 0.13, P ¼ .72
Education, years 10.0 + 3.7 10.1 + 3.7 t ¼ 0.06, P ¼ .94
Handedness (right/left) 44/6 31/3 w2 ¼ 0.21, P ¼ .64
K-MMSE 12.8 + 4.4 24.7 + 1.2 t ¼ 14.5, P < .01
CDR 1.6 + 0.6 0.04 + 0.14 t ¼ 12.3, P < .01
PANAS

PA 19.8 + 5.0 28.4 + 8.4 t ¼ 5.7, P < .01
NA 29.8 + 6.3 26.5 + 7.5 t ¼ 2.2, P < .01

Abbreviations: CDR, clinical dementia rating scale; K-MMSE, Mini-Mental State Examination Korean version; PANAS, Positive and Negative Affect Schedule Scale.

Figure 2. Explicit and implicit affect in patients with dementia and the control group. HC controls indicates healthy control old age-group; HRV,
heart rate variability; PANAS, the positive (PA) and negative affect (NA) schedule scale.
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P < .01). The HF from baseline in response to funny stimulation

(F ¼ 4.04, P ¼ .04) as well as HF from neutral to fear stimula-

tion (F ¼ 5.94, P ¼ .02) in the patients with dementia

was increased, compared to the responses in the control group

(Figure 2).

Changes in EEG

There were significant differences in SW-FW changes

between the dementia group and healthy controls (F ¼ 5.89,

P < .01). In post hoc tests, SW-FW from neural to funny

stimulation in the control group was increased, when

compared to the results from the dementia group (F ¼ 11.2,

P < .01). The SW-FW from neutral to fear stimulation was

decreased in the dementia group compared to that of the

control group (F ¼ 4.49, P ¼ .04; Figure 2).

Discussion

In explicit affect, patients with dementia showed decreased

sensitivity to positive emotion and increased sensitivity to neg-

ative emotion, compared to the findings for the control group.

However, in implicit affect, patients with dementia showed

higher sensitivity to both positive and negative emotions, com-

pared to the scores observed in the control group.

Explicit and Implicit Affects in Patients With Dementia

In explicit affect assessment (PANAS and 5-point Likert visual

analogue scale) in the current study, patients with dementia

showed decreased positive affect scores of PANAS and

increased negative affect scores of PANAS when compared

to those of the control group. The scores from the 5-point Likert

visual analogue scale with regard to emotion video assessment

showed that patients with dementia felt less fun as well as more

fear, compared those in the control group. These results are in

line with previous studies regarding old age, dementia, and

alexithymia.3,31,32 Usually, older people are more sensitive to

negative, compared to positive, emotions.3 Apathy or alexithy-

mia is regarded as one of the symptoms in patients with demen-

tia that is due to an impairment of emotional processing within

frontotemporal areas.31 Moreover, patients with alexithymia

are sensitive to negative emotional stimulation but blunted to

positive emotional stimulation.32

In the implicit affect assessment (HRV and EEG) in the

current study, changes in HF in response to funny, as well as

fear, stimulation in patients with dementia was greater than

those in the control group. Of several physiological variables,

HRV, including HF and HF/LF, is known to represent emo-

tional responses including fear and joy.20,22 In another implicit

affect assessment in the current study, changes in SW-FW ratio

in response to funny stimuli in patients with dementia was

reduced, and the changes in the SW-FW ratio in response to

fear in patients with dementia increased, compared to that of

the control group. Putman et al33 reported that SW-FW ratio

is negatively correlated with fear modulation as well as with

self-reported attentional control. Further, Schutter and van

Honk14 reported that patients with higher SW-FW ratio would

predict less risk-aversive situations in response to disadvanta-

geous versus advantageous decision-making strategies. Taken

together, patients with dementia with increased HF response as

well as decreased SW-FW were more responsive to and atten-

tive to both funny and fear emotions.

Clinical Implications

Compared to participants in the control group, patients with

dementia showed an enhanced imbalance between positive

affect and negative affect in explicit affect assessment. How-

ever, patients with dementia were more responsive and atten-

tive to both positive and negative stimulations, compared to

those in the control group. This indicates that patients with

dementia may have emotional feelings, but they cannot prop-

erly express positive emotions. These results may be associated

with emotional rehabilitation and treatment for patients with

dementia. Notably, art therapies including music and drawing

used for improving anxiety and depression, in patients with

dementia, have led patients to express positive emotions.34-36

Our results support the idea that emotional rehabilitation using

positive emotional stimulation can be a useful method of

improving clinical symptoms in patients with dementia.

Further, assessing implicit emotion using implicit affect

tests in old age or patients with dementia has many limitations

including time, space, and complexity of the procedure. To

compensate for these limitations, our current study contains

pilot results assessing implicit emotion using a simple method

such as a single lead of a headset on the frontal lobe, short-time

course, and reduced complexity for patients with dementia.

Limitations

There are several limitations in the current study. First, the

number of participants was too small to extrapolate generalized

conclusions. Because of this, we cannot classify patients with

dementia by degree of clinical symptom severity. Second, the

participants’ cognition and function are moderately impaired

with mean K-MMSE score of 12.8 and mean CDR score of 1.6,

and it would be useful to assess more people with mild demen-

tia in a larger population. Third, due to complexity and time

limitations in patients with dementia, we did not assess implicit

affect with verified methods such as IPANAT and IAT; we

instead used single lead EEG. Future studies should use veri-

fied assessments for implicit affect and multichannel EEG in a

larger number of patients.

Conclusion

Although patients with dementia were more sensitive to impli-

cit affect, they also showed an enhanced imbalance between

positive affect and negative affect in explicit affect assessment,

compared to those in the control group. We suggest that single
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channel EEG and HRV may represent implicit emotional

change in patients with dementia.
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