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ABSTRACT
Aim: The Sewol ferry capsizing accident in South Korea’s southern coast had resulted
in the death of 304 people, and serious bereavement problems of their families.
Electroencephalography (EEG) beta frequency is associated with psychiatric symptoms
such as insomnia. The aim of this study was to investigate the relationship between
frontal beta power, psychological symptoms, and insomnia in the bereaved families.
Methods: Eighty-four family members of the Sewol ferry victims (32 men and 52
women) were recruited and their EEG was compared with that of 25 (13 men and 12
women) healthy controls. A two-channel EEG device was used to measure cortical
activity in the frontal lobe. Symptom severity of insomnia, PTSD, complicated grief,
and anxiety were evaluated.
Results: The bereaved families showed a higher frontal beta power than healthy
controls. Subgroup analysis showed that frontal beta power was lower in the individuals
with severe insomnia than in those with normal sleep. There was a significant inverse
correlation between frontal beta power and insomnia symptom in the bereaved families.
Conclusion: This study suggests that increased beta power, reflecting the
psychopathology in the bereaved families of the Sewol ferry disaster, may be a
compensatory mechanism that follows complex trauma. Frontal beta power could be a
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potential marker indicating the severity of sleep disturbances. Our results suggest that
sleep disturbances is an important symptom in family members of the Sewol ferry
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disaster’s victims, which may be screened by EEG beta power.
Keywords: Sewol ferry disaster, electroencephalography (EEG), beta power, insomnia,
bereavement
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INTRODUCTION
On April 16, 2014, the Sewol ferry sank into the southern coast of South Korea,
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resulting in the death of 304 people; 250 victims were 16-to-17-year-old high-school students,
who were on a school trip. This Sewol ferry disaster caused a sudden severe complicated
bereavement in families of the victims, who witnessed the accident through news broadcasts.
The South Korean government has called the disaster a national tragedy, and its society still
remains at the side of lamentation.
Electroencephalography (EEG) is a non-invasive method that records the electrical
activity of the brain from the scalp. A two-channel EEG device has been used to explore the
spectral information with high accuracy in the human brain.1-4 It has been reported that EEG
activity change is associated with psychiatric disorders.5-11 Lee et al reported that the
functional connectivity of beta frequency was decreased in patients with PTSD compared to
healthy controls, and beta connectivity was correlated with PTSD symptoms.12 Changes in the
beta band have been related to panic disorder as well.13 A review by Carvalho et al13 reported
that there is a propensity of elevated beta power in patients with panic disorder. Its results
indicate that enhanced beta band is associated with a state of hyperarousal to the lack of
cognitive flexibility and control.
Meanwhile, a study has demonstrated the modulation effect of EEG beta frequency on
primary insomnia.14 It found that beta 1 and beta 2 activities increased in veterans with
posttraumatic stress disorder (PTSD) when compared to healthy subjects15 and concluded that
increased beta activity contributes to cortical excitability, sleep problems, and attention
disturbances. In the study of Van Wyke et al16, hyperarousal symptoms predicted impaired
sleep. The beta power was similarly increased during sleep in adolescents with insomnia,
thereby indicating a level of cortical hyperarousal in these patients.17 However,
neurophysiological alterations of beta activity in the sleep disturbances are poorly understood
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in clinical settings. In vivo, the role of neocortical area involved in beta oscillation during
wake-sleep cycle has been examined only in monkeys.18 They found that beta frequency
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played the role as a highly coherent modulator by actively firing inhibitory neurons compared
to excitatory neurons.
Hence, the goals of the present study were as follows: 1) to compare the frontal beta
power between bereaved families (BF) and healthy controls (HC), and 2) to investigate
whether the frontal beta power was associated with psychological symptoms such as sleep
disturbances in the families of the Sewol ferry victims. We hypothesized that the frontal beta
power would be higher in the BF than in the HC. Second, we hypothesized that the frontal
beta power of the BF would be correlated with insomnia.

METHODS
Eighty-four members of BF of victims of the Sewol ferry disaster (32 men and 52
women) were recruited through the affiliation with the Ansan Trauma Mental Health Center.
BF without psychiatric past history were included in this study. The mean age was
44.95±8.60 years (range, 19–60 years). Twenty-five HCs without a current or lifetime history
of psychiatric and neurological disorders were recruited (13 men and 12 women) through the
community newspaper. The mean age was 43.44±4.94 years (range, 38–56 years).
Participants were assessed using an assessment package of self-report psychological rating
scales. The descriptive statistics of the participants are summarized in Table 1. The duration
of formal education (in years) was higher for the HCs than for the BFs (BF/HC: 12.52/15.36;
t=-5.81, P=0.001). The BFs showed higher insomnia scores (BF/HC: 13.11/6.20; t=4.79,
P=0.001) and general anxiety disorder (GAD) symptom scores (BF/HC: 10.63/2.28; t=8.56,
P=0.001) than the HCs. To decide the covariance, non-parametric (Spearman’s rho)
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correlations were analyzed among EEG beta power, education, and anxiety symptoms in all
subjects. In the BFs, sub-groups were classified into the low or the high group according to
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cut-off values of each psychological symptom scores. EEG power was compared between the
low and the high group using t-tests. The BFs were reanalyzed into 4 sub-groups according to
insomnia severity scores: normal sleep, 0–7; mild insomnia, 8–12; moderate insomnia, 13–17;
and severe insomnia, 18–28. The study was approved by the Institutional Review Board of
Seoul Saint Mary’s Hospital, College of Medicine, The Catholic University of Korea. All
subjects provided signed informed consent.
Insert Table 1.

Electrophysiological measurements
Subjects were seated on a comfortable chair in a sound-attenuated room. A two-channel
EEG device19 (Model: Amp AD8220) (SOSO H&C, Kyungpook University, Daegu, Korea)
was used to measure cortical activity in the frontal lobe for 5 min in a resting state with eyes
closed. Dry electrodes were secured using a headband at Fp1 and Fp2 sites according to the
10-20 system. The reference electrode was placed on the right ear lobe. The sampling rate
was 256 Hz. Online notch filtering (60 Hz) was applied. Visual inspection was performed in
artifact rejection before the preprocessing of the EEG data. Data were reanalyzed using
Matlab 2012 software (Mathworks, Inc, USA.) using a Fast Fourier Transform with a
bandpass filter of 1–50 Hz to calculate the amplitude values. The frequency power was
calculated as the square of amplitudes: relative delta (1–4 Hz), theta (4–8 Hz), alpha (8–12
Hz), beta (12–30 Hz), and gamma (30–50 Hz) signals. The relative frequency power is a
power ratio converted into the percentage of the whole frequency, which provides
information about interactions between spectral oscillations in each band. Artifacts exceeding
±100 μV were rejected at all electrode sites. 30 artifact-free epochs (epoch length 2.048 s)
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were obtained for each subject. In order to identify possible EEG-signal artifacts caused by
muscle tension, a correlation analysis was performed between the EEG power and the scores
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of restlessness, which was defined in accordance with the General Anxiety Disorder checklist
as “being so restless that it is hard to sit still.” No significant correlation was found.

Rating scales
Post-Traumatic Stress Disorder (PTSD) Check List-5 (PCL-5)
PTSD symptoms were assessed using PCL-5, a 20-item self-report questionnaire, in
which each item is answered on a 5-point (0–4) response scale.20 The scores range from 0–80.
Scores above 37 indicate severe symptoms. Internal consistency was defined by a Cronbach’s
alpha of 0.94. In the present study, the Cronbach’s alpha of the PCL-5-Korean version and its
4 sub-factors were as follows: re-experiencing, 0.85; avoidance, 0.76; negative alterations in
cognition and mood, 0.88; hyperarousal, 0.87; all item, 0.94.

Inventory of Complicated Grief (ICG)
Complicated grief was assessed using ICG, a 19-item self-report questionnaire, in which
each item is answered on a 5-point (0–4) response scale.21 Total scores range from 0–76. A
score above 25 indicates a high risk of symptoms. A strong internal consistency was defined
by a Cronbach’s alpha of 0.95.22 The internal consistency of the ICG-Korean version was
defined by a Cronbach’s alpha of 0.87.23

Insomnia Severity Index (ISI)
Insomnia was assessed using ISI.24 It consists of 7 symptoms, rated on a scale from 0–4;
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the total scores range from 0–28, with higher scores indicating more severe forms of
insomnia. A cut-off score of 15 has been used as the threshold for clinically significant
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insomnia, and a score below 8 has been used to define remission after treatment. The
Cronbach’s alpha of reliability coefficients of its 3 factors were around 0.80. The internal
consistency of the ISI-Korean version total score was defined by a Cronbach's alpha of 0.92.25
Subgroups of the present study were classified according to symptom severity: normal sleep,
0–7; mild insomnia, 8–12; moderate insomnia, 13–17; and severe insomnia, 18–28.

General anxiety disorder (GAD) checklist
Anxiety symptoms were assessed using the GAD checklist. Seven symptoms are rated
on a scale of 0–3 with a cut-off point of 10.26 A strong internal consistency was defined by a
Cronbach’s alpha of 0.92. The validity of the GAD-Koreans version was defined by a
Cronbach’s alpha of 0.92.27

Statistical analysis
We compared the demographic variables and the frontal EEG power of the BFs and the
HCs using independent t-tests, and chi-square test. The analysis of Spearman’s rho
correlation was performed with boostrapping (5,000 times) among EEG beta power,
education, and anxiety symptoms in all subjects. Years of education and anxiety symptoms
were considered as covariates. Multivariate analysis of covariance (MANCOVA) was
performed between the BF and the HC (frontal EEG power as a dependent variable, BF vs.
HC as a between-subject factor), and using independent t-tests, we compared the EEG power
of the low and the high group, that divided the BF according to psychological symptom’s cutoff values. We examined the between-subject effects (frontal EEG power as a dependent
variable, the 4 insomnia sub-groups as a fixed factor) using multivariate analysis of variance
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(MANOVA). Multiple comparisons were corrected using the Bonferroni correction. In the BF
for between the psychological variables and EEG spectral power, Pearson’s correlation
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analysis was performed with boostrapping (5,000 times). Statistical significance was set at
P<0.05 (two-tailed). The effect size calculation (Cohen’s d and F test) was performed by the
G*power software 3.0.10.

RESULTS
There were significant differences in the frontal beta power (Left: f=7.77, df=1,105,
P=0.006, Cohen’s d=0.85; Right: f=9.80, df=1,105, P=0.002, Cohen’s d=1.13; Left+Right:
f=8.99, df=1,105, P=0.003, Cohen’s d=0.99) between the BF and the HC (Figure 1-A).
Frontal beta power was higher in the BF than in the HC. Reduced delta activity (Left+Right:
f=9.18, P=0.003, Cohen’s d=0.99) and increased alpha (Left+Right: f=6.20, P=0.014,
Cohen’s d=0.63) was significant in the BF when compared to the HC (Figure 1-B). There
were significant differences in beta and gamma activity between the subgroups of the BF that
were divided according to their scores on psychological symptoms, (Table 2). The gamma
activity was significantly higher in the high anxiety group (t=2.45, P=0.016, Cohen’s d=4.00)
than the low anxiety group.
Insert Table 2.
Insert Figure 1.

Within the BF, beta power was significantly lower in individuals with high insomnia
than those with low insomnia (t=2.37, P=0.020, Cohen’s d=4.00) (Table 2). Moreover, the
differences in beta activity were significant between the normal sleep and the severe insomnia
group (Right: f=3.32, df=3,80, P=0.024; Left+Right: f=3.02, df=3,80, P=0.034) (effect size
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F=1.90) (multiple comparison by Bonferroni correction, P=0.035) (Figure 2). Frontal beta
activity decreased continuously with increasing symptom severity in the four sub-groups of
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insomnia. Significant correlations in the BF were presented between PTSD symptom severity
scores and insomnia severity scores (r=0.50, P=0.001), PTSD and complicated grief scores
(r=0.75, p=0.001), and insomnia score and frontal beta power (Left: r=-0.25; P=0.024; Right:
r=-0.26, P=0.016; Left+Right: r=-0.26, P=0.018) (Figure 3). In addition, significant
correlations were presented between PTSD and anxiety symptom scores (r=0.63, P=0.001),
complicated grief scores and anxiety symptom scores (r=0.59, P=0.001), and insomnia and
anxiety symptom scores (r=0.39, P=0.001). However, the beta power was not correlated with
PTSD symptom scores (Left: r=-0.14, P=0.222; Right: r=-0.16, P=0.151; Left+Right: r=0.15, P=0.178).
Insert Figure 2.
Insert Figure 3.
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DISCUSSION
This study presents the first evidence psychophysiological changes from the BF of the
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Sewol ferry disaster. The results of the present study revealed clinical and neurophysiological
alterations in the BF of the Sewol ferry disaster. The first main finding was that the beta
power was higher in the BFs than in the HCs. Second, beta power differed according to the
severity of insomnia. More specifically, the frontal beta power of the BF demonstrated a
significant negative correlation with their severity of insomnia.
The present study results showing high levels of PTSD symptoms, general anxiety, and
beta power in EEG in traumatically bereaved subjects need to be interpreted with caution due
to the differences in education levels, and age range, it should be noted that our results were
significant even after statistically controlling the level of education and anxiety symptoms.
Our results replicated previous findings that identified higher beta power as a brain
abnormality in panic and movement disorder.13, 28
The beta band could be associated with hyper-responsiveness owing to endogenous topdown processing of unexpected events. Increased beta activity in the resting state could
indicate deficits of cognitive and behavioral flexibility, which could reflect the lack of
inhibitory control in the frontal lobe of panic disorder patients.13 Cortical excitability
following the enhanced beta band could result from impaired alertness and emotionally
hyper-aroused states.29 Begic et al15, 29 reported that beta activity could be a reliable marker for
neurophysiological changes, in which the enhanced beta activity by the cortical excitability in
the frontal region was related to prolonged wakefulness.
Alternate explanations can be provided for the enhanced relative beta activity. One
explanation is viewing it as a result of decreased delta activity. Perlis et al30 reported that the
quantitative alteration of beta activity refers to changes of slow and spindle frequency
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activities, which suggest that decreased delta activity is linked to increased beta and sigma
bands in subjects with insomnia. Furthermore, individuals with anxiety had demonstrated that
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increased alpha activity interplays with reduced delta activity.31 In the BF, individuals with
high anxious symptoms showed an increased gamma activity, which, in anxiety, has been
associated with negative emotions and worrying.32
In the present study, beta power decreased gradually according to the severity of
insomnia in BF. In addition, a significant reverse correlation was found between the severity
of insomnia and frontal beta power. Previous sleep EEG studies have reported opposing
results. In a study with PTSD patients, beta activity was higher during REM sleep.33 In
another study, the beta activity in NREM sleep showed a positive correlation with the
intensity and duration of combat exposure.34 These previous results indicate that changes of
beta frequency can reflect a state of hyperarousal during sleep. However, in an investigation
that compared the EEG pattern between sleep onset insomnia and sleep maintenance
insomnia, beta (18–29.75 Hz) band was found to be significantly lower in the sleep-onset
than in the sleep-maintenance.35 This study suggests that sleep onset insomnia may not be
involved in the hyperarousal theory and that insomnia and its spectral characteristics ought to
be observed in accordance with its subgroups.
However, our results from waking state beta power is not comparable to the beta power
that occurs during sleep state. In waking state, a decreased beta power could represent an
inattentive state of our participants.36-42 Insomnia has been associated with inattention.43 In
other respects, causes of change in the EEG band ratio have demonstrated that the altered
beta power is related with the delta power changes in the BF. In our study, the correlation
was significant between frontal beta power and insomnia symptom severity in the BFs.
Insomnia has been known to be pathognomonic in people with traumatic experiences.44, 45
70-91% of patients with PTSD have appealed a difficulty falling asleep,46 some of which
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have reported struggling from nightmares. The state of hypervigilance is usually observed
through high-level beta activity in primary insomnia. However, contrary to our expectations,
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the present study found that beta power was reduced in the BF members with severe
insomnia compared to those with mild insomnia. Lower beta activity is a reliable marker of
attention deficit in depression.47 In addition, attention-deficit/hyperactivity disorder is
characterized by the reduction in beta activity.36, 38, 40, 48 Specific insomnia cluster showed
reduced spectral power of beta 1 and 2 for sustained attention performance.49 Inattentive
domain in the insomnia may be screened by reduction of beta activity. Our findings show
that the decreased beta activity could be a potential marker of worsening insomnia in the BF
of the Sewol ferry disaster’s victims. However, the beta activity of the BF with severe
insomnia does not differ from that of the HC. This contradictory finding might be an
unprecedented phenomenon. Maybe, a higher shift of baseline in beta activity could have
been happened in the BF of the Sewol ferry disaster’s victims associated with their insomnia
symptoms. The complicated findings for insomnia previously reported50, 51 that subjects who
claimed sleep dysfunction as their primary symptom still suffered from insomnia even after
other psychological symptoms had been alleviated.52 Persistent symptoms of insomnia were
associated with decreased volume of hippocampal subfield53, which is identical to the
finding that non-PTSD patients with chronic insomnia showed a reduced hippocampal
volume.54 This could also be shown in the BF with severe symptoms of insomnia. EEG beta
activity could be biomarker that reflects mental activity in various psychopathologies. Low
beta activity such as sensorimotor rhythm has been known to enhance after neurofeedback
training and result in the improvement of cognitive processing.55 On the other hand,
excessive beta activity (beta 1, 2, and 3) has been associated with the intrusive thoughts
between ruminators and non-ruminators.56 These, therefore, can be considered as a mixed
phase to negative and positive effect of neural response. In addition, although the beta
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activity was increased in the BF with normal sleep in comparison to HC or BF with severe
insomnia, they showed several psychological problems such as anxiety symptoms. It is

Accepted Article

difficult to posit that increased beta activity had a positive influence for the BF with normal
sleep.
Three interpretations are provided for our results. First, increased EEG beta power in BF
might reflect a coping strategy for extremely complex and stressful situations. Individuals
with successful compensatory mechanism could have higher beta power and better quality
of sleep. Second, sleep quality of BF could reflect a specific subtype of insomnia (i.e.
primary insomnia with objective sub-type). It was reported that primary insomnia patients
with objective sub-type had a lower degree of relative beta power than those with subjective
sub-type.57 Third, if a higher shift of baseline levels in beta activity occurred in BF, a relative
reduced beta power within BF could reflect inattention due to their insomnia symptoms.
Several reports show that reduced beta power could reflect inattention.47, 58, 59
The present study has limitations. We did not evaluate the handedness and more
extensive symptoms such as inattention and sub-types of insomnia, which could be reflected
in electrophysiological measurements. EEG was not assessed during sleep. Assessments
used in this study were based on self-reports rather than structured clinical interviews. In
addition, subjects were not screened for psychiatric diagnoses. Further studies ought to
recognize these limitations and study with a larger sample size. The studies should also
consider recruiting the age-sex, age range, anxiety symptoms, and education levels matched
controls.
In summary, this study revealed that beta activity was higher in the BF than the HC
group. High-levels of beta activity and its implications in neural mechanisms represent
cortical excitability and hypervigilance in the BF. In addition, frontal beta power showed
gradually decreasing patterns correlating with the severity of insomnia. Reduced beta activity
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specifies the worsening of insomnia symptoms in the BF of the Sewol ferry disaster’s victims.
Furthermore, the negative correlation between insomnia symptoms and frontal beta power

Accepted Article

probably suggest that frontal beta power is a potential marker of sleep disturbances. Insomnia
symptom is a crucial psychological problem in BF of the Sewol ferry disaster’s victims,
which could be screened by EEG beta power.
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Table 1. Descriptive statistics in
n the study subjects
Variablles

BF(n = 84))

HC(n =
25)

Statisttics

Meean(SD)
Age(yeaar)
Gender((n, male/femaale)
Educatioon(year)
Post-trauumatic stresss disorder chheck
List-5
Insomniia severity inndex
Inventorry of compliccated grief(nn =
73)
General anxiety disoorder checklist
Spearm
man’s rho-correlations in
n all
subjectss
EEG beeta power
Educatiion

44.95(8.60))

43..44(4.94)

32/52

13/12

12.52(2.23))

15..36(1.80)

47.13(17.111)

-

13.11(6.66))

6.220(5.03)

51.92(14.911)

-

10.63(6.04))

2.228(3.60)

EEG beta
b
poweer
-

tt=0.84, P=0.4404
χ
χ2=1.54,
d f=
=1,
P
P=0.215
t
t=-5.81,
P=00.001
t
t=4.79,
P=0.0001
t
t=8.56,
P=0.0001

Ed
ducation

Anxiety sym
mptoms

P=0.013
P

P=0.0225

-

P=0.002

Anxietyy symptoms
BF, bereeaved familiees; HC, healtthy controls; SD, standard deviation; ns, no signifficant.
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Table 2. The comparison of EEG power in the bereaved families (BF) classified between group
as low and high according to cut-off values of psychological symptoms scores
Low
n / Mean(SD)
Classifications
of
according to cut-off scores in BF
symptom
scores

High
Mean(S
D) of
EEG
power

Post-traumatic stress disorder
check List-5

28 /
27.39(8.11)

-

Insomnia severity index

54 /
9.09(4.08)

0.49(0.0
1)

Inventory of complicated
grief(n=73)

4/
16.75(4.92)

-

General anxiety disorder checklist

40 /
5.35(2.74)

0.25(0.0
1)

δ, delta; Θ, theta; α, alpha; β, beta; γ, gamma
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n/
Mean(SD)
of
symptom
scores

56 /
57.00(10.
58)
30 /
20.33(3.5
2)
69 /
53.96(12.
54)
44 /
15.43(3.7
4)

EEG power
comparisons

Mean(S
D) of
EEG
power

(δ, Θ, α, β, γ)

-

ns

0.45(0.0
1)

β / P=0.020

-

ns

0.29(0.0
1)

γ / P=0.016

