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Introduction: Attentional deficits and sleep problems are common in refugees who have 
experienced trauma. In the present study, we used polysomnography (PSG) to investigate the 
relationship between attentional deficits and objective measures of sleep structure in trau-
matized North Korean refugees.
Methods: We recruited 32 North Korean refugees (mean age = 33.78 ± 14.33 years) and 39 
South Korean participants (mean age = 35.03 ± 11.08 years). Sustained attention and divided 
attention were assessed using the Computerized Attention Test. We conducted an overnight 
PSG to objectively assess sleep structure. The participants also completed the Beck 
Depression Inventory (BDI), Beck Anxiety Inventory (BAI), Impact of Event Scale- 
Revised (IES-R), Epworth Sleepiness Scale (ESS), Pittsburgh Sleep Quality Index (PSQI), 
and Insomnia Severity Index (ISI).
Results: The North Korean refugees showed more commission errors (CEs, p < 0.05) and 
a larger standard deviation (SD) of the reaction time (RT) (p < 0.05) in the sustained attention 
task compared to the South Korean participants. Furthermore, the North Korean refugees showed 
a shorter period of wake after sleep onset (WASO, p < 0.01), less time spent in N1 (p < 0.05), and 
more time spent in N2 (p < 0.05). The larger SD of RT in the sustained attention task in the North 
Korean refugees was positively correlated with WASO (r = 0.62, p < 0.01) and N1 stage (r = 0.47, 
p < 0.05) after controlling for age, sex, BDI, BAI, and IES-R.
Conclusion: The North Korean refugees showed poorer performance on the sustained 
attention task. Nocturnal PSG revealed shorter WASO and time spent in N1 in this popula-
tion, which are independently associated with the preservation of attentional capacity. These 
data suggest that traumatized refugees may compensate for attentional deficits induced by 
their traumatic experiences via increased sleep continuity.
Keywords: attention, sleep, trauma, North Korean refugees

Introduction
Before reaching a safe environment, refugees are commonly exposed to psycholo-
gical trauma in the pre- and post-migration periods.1 These traumatic experiences 
can affect social and psychological functioning, and refugees may also experience 
stress when adjusting to a new culture. Indeed, the prevalence rates of various 
psychological problems are reportedly higher in refugees.2 North Korean refugees 
are particularly affected, as many have experienced extremely traumatic experi-
ences such as imprisonment, torture, starvation, witnessing death, human traffick-
ing, and violence. Previous studies have reported that a history of traumatic 
experiences is a decisive factor in the mental health of North Korean refugees,3–5 

as well as in their ability to adjust to a new culture.
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Trauma-exposed populations frequently exhibit cogni-
tive dysfunction and sleep disturbances, in addition to 
other trauma-related symptoms, such as dissociation or 
negative affect.6,7 Refugees are more likely to have had 
traumatic experiences. Refugees are also at a greater risk 
of trauma-related sleep problems or cognitive 
dysfunction.6,8–11 Sleep disturbances in refugees are 
a critical concern, as sleep is more closely correlated 
with mental health in this population compared to non- 
refugee migrant populations.6 Indeed, North Korean refu-
gees have been reported to have poor attentional perfor-
mance and subjective sleep disturbances, both of which 
are associated with mental health.12–14

The influence of sleep on attention is well known.15–17 

Sleep deprivation impairs cognitive functions including 
attention, and poor sleep quality has been linked with 
negative cognitive bias and decreased sustained 
attention.18 Sleep has been proposed to have 
a bidirectional interaction with cognitive function in trau-
matized people.19–22 However, whether the sleep-attention 
relationship is enhanced or weakened in traumatized refu-
gees is unclear. Furthermore, since both sleep and attention 
are strongly affected by depression, anxiety, and other 
trauma-related symptoms that are very common in 
refugees,23,24 these factors should be considered when 
investigating the association between attention and sleep 
in traumatized refugees.7

Sleep complaints can be subjective, but may also 
involve objective physiological changes in sleep 
architecture.9 Whether objective or subjective informa-
tion about sleep is obtained has implications in clinical 
and research settings. Subjective measures of sleep, such 
as questionnaires and interviews, are obviously insuffi-
cient to determine objective changes in sleep in trauma-
tized refugees. Overnight polysomnography (PSG) is the 
most commonly used modality to assess psychological 
and objective sleep. PSG can provide information about 
sleep efficiency, sleep stage, arousal, awakening, move-
ment, and respiratory events. Objective sleep has been 
assessed using PSG in non-refugees.25–30 However, no 
studies have used PSG to investigate sleep in trauma-
tized refugees. Furthermore, no previous studies have 
investigated the relationship between objective sleep 
and objective cognitive function in refugees.

Therefore, we investigated the relationship between 
attentional deficits and objective measures of sleep struc-
ture (as measured via PSG) in traumatized North Korean 
refugees. We developed three hypotheses for the current 

study. Our first hypothesis was that North Korean refugees 
would have attentional deficits. Our second hypothesis was 
that sleep continuity, as measured by PSG, would be dis-
turbed in North Korean refugees compared to South 
Koreans. Our third hypothesis was that sleep changes, as 
measured by PSG, would be associated with attentional 
deficits in traumatized North Korean refugees, even after 
controlling for other trauma-related symptoms.

Methods
Participants
The participants were 32 North Korean refugees (11 males 
and 21 females; mean age = 33.78 ± 14.33 years) and 39 
South Korean non-refugees (20 males and 19 females; 
mean age = 35.03 ± 11.08 years). The South Koreans 
were born and raised in South Korea without any trau-
matic experiences. The North Korean refugees were born 
in North Korea or in other countries and ultimately settled 
in South Korea. Recruiting period of North Korean refu-
gees was from October 2016 to October 2019. Participants 
were recruited by advertisements with the help of institu-
tions supporting North Korean Refugees. After escaping 
from North Korea, North Korean refugees usually passed 
through or stayed over in other countries as China, Russia, 
Laos, or Thailand before coming to South Korea. The 
average duration of defection in these third countries was 
24.5±36.4 months. Mean age of North Korean refugees at 
the moment of escape from North Korea was 24.5±10.7 
years old. All participants have separation experience from 
family or close friends, 60% of participants have remain-
ing family members in North Korea. The averaged settle-
ment period in South Korea was 88.9± 50.7 months.

Inclusion criteria for the North Korean refugees for the 
current study were as follows: (1) born in North Korea or 
during defection from North Korea, (2) more than 15 years 
old, (3) settlement in South Korea after 2000, (4) traumatic 
experience in North Korean or defection periods. All the 
North Korean refugees reported having traumatic experi-
ences before settling in South Korea, such as neglect from 
caregivers, witness of public execution or death of 
a family member, or near-death starvation. The exclusion 
criteria were as follows: (1) aged <1 8 or >60 years, (2) 
repeated or recent seizures, brain injury or organic brain 
syndrome, (3) severe personality disorder, (4) intellectual 
disability with a Full Scale IQ (FSIQ) score under 70, (5) 
emergent psychiatric state (serious suicidality or full- 
blown psychotic/delirious features), (6) employment as 
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a shift worker, (7) severe sleep apnea [Apnea Hypopnea 
Index (AHI) >30] according to PSG data or previous 
evaluation history, (8) severe limb movement during 
sleep [Periodic Limb Movement Index (PLMI) >50]. All 
procedures in the current study were conducted in accor-
dance with the ethical standards of the relevant national 
and institutional committees on human experimentation 
and the Helsinki Declaration of 1964, as revised in 2013. 
The study protocol involving human subjects was 
approved by the Institutional Review Board of Samsung 
Medical Center (approval number: 2016-07-049). 
Informed written consent was provided by all participants.

Assessment of Psychological Symptoms
We used the Beck Depression Inventory (BDI) to measure 
the severity of depressive symptoms.31 The BDI includes 
21 items and covers various domains of depressive symp-
toms. Each item is scored from 0 to 3. Higher total scores 
represent more severe depression. We used the Beck 
Anxiety Inventory (BAI) to measure general anxiety 
symptoms.32,33 The BAI, which has 21 items, is a self- 
rated scale designed to assess the severity of anxiety 
symptoms in adults. Korean versions of BDI and BAI 
(from Korea Psychology Co., LTD.) were used for the 
current study.34,35

We used the Clinician-Administered PTSD Scale 
(CAPS) to diagnose PTSD in the North Korean 
refugees.36 Clinician interviews of the North Korean par-
ticipants were based on 30 items pertaining to PTSD 
symptoms, such as re-experiencing, avoidance, numbing, 
and hyperarousal. We used the Impact of Event Scale- 
Revised (IES-R) to assess PTSD symptoms.37,38 The 
IES-R comprises 22 items and covers topics including 
intrusive re-experiencing of symptoms, avoidance, and 
hyperarousal. The IES-R and CAPS were only conducted 
for the North Korean refugees, as the South Korean parti-
cipants had no history of traumatic experiences.

Subjective Assessment of Sleep Quality
We used the Pittsburgh Sleep Quality Index (PSQI), which 
includes 18 items related to sleep structure and patterns, to 
subjectively assess sleep quality over the last 1 month. The 
index has seven components: subjective sleep quality, 
sleep latency, sleep duration, habitual sleep efficiency, 
sleep disturbance, use of sleep medication, and daytime 
dysfunction.39 Higher total scores indicate poorer sleep.40 

We used the Epworth Sleepiness Scale (ESS), which is 
a four-point scale describing eight situations, to measure 

daytime sleepiness.41 Korean versions of ESS, which had 
been validated by Sleep Center of Keimyung University 
Dongsan Medical Center, were used for the current 
study.42 We used the Insomnia Severity Index (ISI) to 
examine initial, maintenance, and terminal insomnia (3 
items) and satisfaction, interference, noticeability, and dis-
tress related to sleep problems (4 items).43 Korean ver-
sions of ISS, which had been validated by Sleep Center of 
Keimyung University Dongsan Medical Center, were used 
for the current study.44

Computerized Attention Test
We assessed sustained and divided attention in all partici-
pants using the computerized Comprehensive Attention 
Test (CAT).45 CAT-pro produced by Happymind INC. 
was used as the software for the current study. The CAT, 
which comprises visual and auditory continuous perfor-
mance tests, comprehensively evaluates attention and 
working memory. We used the CAT to test for attention 
deficits in both the North Korean refugees and South 
Korean participants. CAT was conducted immediately 
before conducting PSG for all participants.

The sustained attention task assesses the ability of an 
individual to maintain a consistent behavioral response 
during exposure to continuous and repetitive stimuli. 
There are four different types of visual stimuli (cross, 
diamond, oval, and X-shape) used in the sustained atten-
tion task. The visual stimuli are presented randomly on the 
computer screen every 2 seconds during 10 minutes. The 
participants are asked to respond to every stimulus except 
the X-shape. Thus, the task measures response inhibition 
to certain visual stimuli during sustained attention. As the 
proportion of each visual type is set to the same, which 
means that there are 75 X-shape stimuli (25%) among total 
300 stimuli. The divided attention task assesses the ability 
to process different kinds of sensory stimuli simulta-
neously. Visual stimuli and auditory stimuli are presented 
simultaneously on screen every 2 seconds for 3 minutes 
and 20 seconds. Three types of auditory stimuli (beep, 
bell, and click) and three types of visual stimuli (triangle, 
circle, and rectangle) are combined and presented ran-
domly. Participants were asked to respond when either 
auditory or visual stimuli were the same as the previous 
stimuli. The correct response ratio is set to be 50%, as 50 
stimuli among 100 stimuli are the same as the previous 
stimuli either in auditory or visual characteristics. After 
verbal explanation, every participant performed 10 
trials before the beginning of the actual test.
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We measured the omission error (OE) and commission 
error (CE) rates in each attention task. An OE is defined as 
a missed response to a target stimulus, and thus represents 
inattention. A CE is defined as impulsive response to 
a non-target stimulus, and thus represents impulsivity. 
We also calculated the reaction time (RT) and standard 
deviation (SD) of the RT for correct responses in each 
attention task. The SD of RT indicates the ability to main-
tain the same level of attention for a certain period of time, 
as shown in previous studies.46–48

Polysomnography
Overnight PSG to objectively assess sleep structure was 
conducted for one night. PSG procedure was conducted 
according to the American Academy of Sleep Medicine 
(AASM) Guideline for Type I sleep study.49 PSG device 
was N7000 PSG with a 32 channel head unit produced by 
Embla. PSG data were recorded and processed with the 
software Remlogic version 3.4.

The sleep variables in the present study included total 
sleep time (TST), wake after sleep onset (WASO), percen-
tage of time spent in each sleep stage (N1–N3) and in 
rapid eye movement (REM) sleep, sleep latency, slow 
wave sleep (SWS) latency, and the total arousal index. 
WASO is defined as the wake time in minutes during the 
period after sleep onset. The total arousal index was 
defined as the number of EEG arousals per hour of sleep. 
PSG data were also used to screen for sleep disorders. Two 
trained polysomnographic technologists scored all the PSG 

data according to the American Academy of Sleep 
Medicine (AASM) Manual for the Scoring of Sleep and 
Associated Events, version 2.2.50

Statistical Analysis
All statistical analyses were performed using SPSS statis-
tics software (ver. 25.0; SPSS Inc., Chicago, IL, USA). 
Regarding continuous variables, differences in demo-
graphic and clinical characteristics between the North 
Korean refugees and South Korean participants were eval-
uated using t-tests. Differences between the two groups of 
categorical variables were evaluated using the chi-square 
test. Pearson’s correlation analysis was used to evaluate 
the association between attentional deficits (ie, CAT data) 
and sleep architecture (ie, PSG variables). A partial corre-
lation analysis was performed, adjusting for age, sex, BDI 
score, and BAI score. For investigating the interaction 
effects of refugee status, regression analysis (independent 
variable: CAT, dependent variables: PSG, refugee status, 
and PSG X refugee status interaction) was additionally 
conducted for variables showing significant correlation 
between sleep and attention in North Korean refugees. 
The level of statistical significance was set at P < 0.05.

Results
Demographic and Clinical Characteristics
Table 1 presents the demographic and clinical character-
istics of both the North Korean refugees and South Korean 
participants. No difference in age or sex ratio was 

Table 1 Demographic and Clinical Characteristics of North Korean Refugees and South Koreans

North Korean Refugees (n=32) South Korean (n=39) t P value

Mean ± SD Mean ± SD

Age 33.78±14.33 35.03±11.08 t=1.43 0.68

Female, No.(%) 21(65.6%) 19(48.7%) χ2 = 2.0 0.15
BDI 13.59±8.24 9.36±9.70 t=1.96 0.05

BAI* 16.41±9.43 9.54±11.85 t=2.66 0.01

CAPS, No.(%) 16 (50%)
IES (sum) 20±20.84

IES reexperience 7.06±7.52

IES avoidance 7.94±8.51
IES hyperarousal 5.00±5.64

PSQI 8.53±3.74 8.08±4.59 t=0.45 0.65

ISI 11.50±7.11 11.38±8.40 t=0.06 0.95
ESS 8.28±3.81 6.74±3.65 t=1.73 0.09

Note: *p value<0.05. 
Abbreviations: BDI, Beck Depression Inventory; BAI, Beck Anxiety Inventory; IES, Impact of Event Scale-Revised; CAPS, Clinician-administered PTSD Scale; ESS, Epworth 
Sleepiness Scale; PSQI, Pittsburgh Sleep Quality Index; ISI, Insomnia Severity Index.
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observed between the two groups. The BAI score in the 
North Korean refugees was significantly higher than that 
in the South Korean participants (t = 2.66, p < 0.05). BDI, 
PSQI, ISI, and ESS scores were not significantly different 
between the two groups.

Attention Deficits in North Korean 
Refugees and South Korean Participants
The North Korean refugees had a higher CE rate (17.0 ± 
26.0 vs 6.9 ± 6.7, p < 0.05) and a larger SD of RT (107.6 ± 
49.5 vs 84.3 ± 27.9, p < 0.05) in the sustained attention 
task compared to the South Korean participants (Table 2). 
Performance on the divided attention task was not signifi-
cantly different between the groups. The significant differ-
ences between CE and SD of RT on sustained attention 
between North Korean refugees and South Koreans remain 
significant after controlling sex.

For each group, we examined the correlation between 
attentional deficits and psychiatric/sleep complaints, after 
controlling for age and sex. For North Korean refugees, 
a higher BDI was significantly associated with a longer RT 
in the divided attention task (r = 0.44, p < 0.05). 
Furthermore, PSQI scores were positively associated with 
the OE rate (r = 0.40, p < 0.05), RT (r = 0.40, p < 0.05) 
and SD of RT (r = 0.40, p < 0.05) in the divided attention 

task. Among the South Korean participants, a higher BDI 
score was significantly associated with a higher OE rate in 
the divided attention task (r = 0.44, p < 0.05). No signifi-
cant correlations were observed between any other psy-
chiatric/sleep complaints and CAT variables in the South 
Korean participants.

Sleep Architecture in the North Korean 
Refugees and South Korean Participants
In the overnight PSG data, the North Korean refugees had 
a shorter WASO duration (26.0 ± 24.5 vs 46.9 ± 33.1 min, 
p < 0.01), lower amount of time spent in N1 (11.1 ± 7.1 vs 
15.1 ± 8.9%, p < 0.05), and higher amount of time spent in 
N2 (58.2 ± 7.4 vs 54.0 ± 7.6%, p < 0.05) compared to the 
South Korean participants (Table 3). The other PSG vari-
ables were not significantly different between the two 
groups. The significant differences of WASO, N1 and N2 
between North Korean refugees and South Koreans remain 
significant after controlling sex.

We examined the correlation between PSG findings 
and psychiatric/sleep complaints in each group, controlling 
for age and sex. Among the North Korean refugees, we 
found a significant association between the BAI score and 
sleep latency (r = 0.48, p < 0.01). Furthermore, the ESS 
score was negatively associated with N1 stage (r = −0.50, 
p < 0.01) and REM latency (r = −0.42, p < 0.05), and 
positively associated with REM stage (r = 0.42, p < 0.05). 
For South Korean participants, the PSQI score was posi-
tively associated with SWS latency (r = 0.40, p < 0.05).

Impact of Sleep Architecture on 
Attention
Figure 1 shows the association between the PSG data and 
performance in the attention tasks for each group, control-
ling for age, sex, BDI score, and BAI score. In the North 
Korean refugees, a higher OE in the sustained attention task 
was correlated with a lower amount of N2 (r = −0.47, p < 
0.05) and a higher amount of N3 (r = 0.42, p < 0.05). More 
CEs in the sustained attention task were significantly asso-
ciated with a higher total arousal index (r = 0.47, p < 0.05). 
Furthermore, a larger SD of RT in the sustained attention 
task was correlated with a longer WASO duration (r = 0.62, 
p < 0.01), higher amount of N1 (r = 0.47, p < 0.05), lower 
amount of N3, and longer SWS latency (r = 0.69, p < 0.01) 
(Figure 2). The association remained significant after remov-
ing an outlier in Figure 2. In terms of divided attention in the 
North Korean refugees, a higher OE rate was correlated with 

Table 2 Attentional Performances of North Korean Refugees 
and South Koreans

North 
Korean 

Refugees 
(n=32)

South 
Korean 
(n=39)

t P value

Mean ± SD Mean ± 
SD

Sustained attention

OE (No.) 15.9±45.4 8.8±37.5 0.73 0.47

CE (No.)* 17.0±26.0 6.9±6.7 2.14 0.04

RT (ms) 419.8±146.9 406.2±49.5 0.46 0.65

SD of RT* 107.6±49.5 84.3±27.9 2.50 0.02

Divided attention

OE (No.) 10.2±7.2 10.1±11.4 0.02 0.98

CE (No.) 6.0±8.0 5.4±7.0 0.35 0.73

RT (ms) 718.0±226.8 755.6±181.0 0.78 0.44

SD of RT 232.7±81.0 214.3±78.2 0.96 0.34

Note: *p value<0.05. 
Abbreviations: OE, omission error; CE, commission error; RT, mean reaction 
time to correct responses; SD of RT, standard deviation of reaction time to correct 
responses.
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a shorter TST (r = −0.59, p < 0.01), as well as a decreased 
sleep efficiency (r = −0.49, p < 0.05). The SD of RT for the 
divided attention task was significantly correlated with the 
TST (r = −0.43, p < 0.05). Even after controlling for the IES- 
R score as an additional covariate in North Korean refugees, 
similar results were obtained.

In terms of sustained attention in the South Korean 
participants, we found a positive correlation between the 
OE rate and WASO (r = 0.42, p < 0.05) and between the 
SD of RT and sleep latency (r = 0.47, p < 0.01) after 
controlling for age, sex, BDI score, and BAI score. In 
the divided attention task, a higher CE rate was correlated 
with a shorter TST (r = −0.43, p < 0.05) and a longer SWS 
latency (r = 0.45, p < 0.05) in the South Korean partici-
pants. Furthermore, a larger SD of RT in the divided 
attention task was correlated with lower sleep efficiency 
(r = −0.36, p < 0.05) in this population.

Linear regression model showed significant interaction 
effects by refugee status on the association between the sus-
tained attention and the polysomnographic findings in total 
subjects. There were significant interaction effects by refugees 
status on the relationships between OE and N2 (B = −2.89, 
p <0.05), OE and N3 (B = 1.783, p <0.05), CE and AI (B = 
4.398, p <0.01), SD of RT and WASO (B = 0.934, p<0.01), SD 
of RT and N3 (B = −3.144, p < 0.01), and SD of RT and SWS 
latency (B = 0.992, p<0.01). Only the relationship between SD 
of RT and N1 was not significantly affected by interaction 
effects by refugee status. On the contrary, there were no 
interaction effects by refugee status on the association between 
the divided attention and the polysomnographic findings.

Discussion
Compared to the South Korean participants, the North 
Korean refugees in the present study showed poorer per-
formance in the attention task, as well as lower levels of 
arousal and awakening during PSG. However, poor per-
formance in the attention task of North Korean refugees 
was correlated with higher levels of arousal and more 
frequent awakening during nocturnal sleep. Taken 
together, these findings suggest that reduced arousal and 
awakening during sleep in the refugee group might affect 
attentional deficits after traumatic experiences. To the best 
of our knowledge, this study is the first to investigate the 
association between objective sleep measurements (ie, 
PSG data) and cognitive function in refugees.

The decreased attentional performance of North 
Korean refugees supported our first hypothesis. The higher 
CE and larger SD of RT in the sustained attention task of 
North Korean refugees may reflect increased cognitive 
impulsivity, as well as difficulty maintaining attention for 
a certain period of time. Our findings are consistent with 
previous studies reporting attentional deficits in North 
Korean refugees and other refugee populations.8

In contrast to our second hypothesis, the North Korean 
refugees showed shorter WASO periods (ie less awaken-
ing), as well as less time spent in stage N1 and more time 
spent in stage N2 (ie, they easily transitioned to stage N2 
without interruption of N1 sleep) during overnight PSG. 
These findings indicate that traumatized North Korean 
refugees had good sleep continuity. This finding is in 
contrast to previous studies reporting poorer sleep quality 

Table 3 Polysomnography (PSG) Data of North Korean Refugees and South Koreans

PSG Parameter North Korean Refugees 
(n=32)

South Korean (n=39) t P value

Mean ± SD Mean ± SD

Total sleep time (min) 403.5±72.7 409.5±45.5 −0.43 0.67
Sleep efficiency (%) 89.6±11.9 86.6±8.6 1.22 0.23

WASO (min)** 26.0±24.5 46.9±33.1 −3.06 0.003

N1 (%)* 11.1±7.1 15.1±8.9 −2.05 0.04

N2 (%)* 58.2±7.4 54.0±7.6 2.29 0.03

N3 (%) 9.3±7.9 10.7±9.4 −0.70 0.49
REM (%) 21.4±5.4 25.2±28.4 −0.74 0.46

Sleep latency (min) 16.5±37.5 15.7±17.0 0.11 0.91
SWS latency (min) 27.2±21.8 35.0±47.3 −0.84 0.41

REM latency (min) 108.5±65.2 113.8±49.5 −0.38 0.70

Total arousal index (min) 2.5±2.5 3.2±4.3 −0.90 0.37

Notes: *p value<0.05. **p value<0.01. 
Abbreviations: WASO, wake after sleep onset; SWS, slow wave sleep; REM, rapid eye movement.
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in traumatized people.51,52 This discrepancy may be due to 
differences between traumatized North Korean refugees 
and other traumatized populations. Methodological differ-
ences may also explain this finding; while we used PSG, 
many previous studies used subjective sleep 
questionnaires.

Our finding that attentional performance in North 
Korean refugees was associated with objective sleep sup-
ported our final hypothesis. Performance on sustained 
attention tasks in North Korean refugees was associated 
with qualitative sleep variables, such as arousal and awa-
kening, and increased N2 sleep. Furthermore, perfor-
mance on the divided attention task in North Korean 

refugees was associated with quantitative sleep variables, 
such as TST and sleep efficiency. This finding suggests 
that improving qualitative and quantitative sleep could 
reduce attention deficits in North Korean refugees. 
Furthermore, this finding is consistent with previous stu-
dies reporting an association between decreased sleep 
continuity and cognitive decline.21,53–57 The association 
between sleep and trauma-related symptoms has been 
widely studied,58,59 and REM sleep and SWS have been 
found to play a role in altered cognitive performance in 
traumatized people.59–61 Furthermore, a relationship has 
been established between reduced arousal during sleep 
and adaptive cognitive processing of traumatic 

Figure 1 Association between attention deficits and objective sleep architecture in traumatized North Korean refugees. Significant correlation between the PSG data and 
performance in the attention tasks was found in each group, the North Korean refugees (A) and the South Koreans (B). 
Notes: *p value < 0.005, **p value < 0.01, controlled variables: age, sex, BDI, BAI. 
Abbreviations: OE, omission error; CE, commission error; RT, mean reaction time to correct responses; SD, standard deviation; WASO, wake after sleep onset; SWS 
slow wave sleep; REM, rapid eye movement.
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experiences.62,63 Sleep spindles, as well as K-complexes 
and slow waves (markers of N2 and N3, respectively), 
have been implicated in memory consolidation and activ-
ity in the thalamo-cortical network.64 These variables 
have been found to be altered in North Korean refugees. 
Reduced N3 and increased REM density have also been 
associated with a poorer prognosis after traumatic 
experiences.63,65

While our North Korean refugees exhibited attentional 
deficits, objective sleep continuity in this group was less 
disturbed than that in the South Korean participants. 
However, poorer attentional performance in the North 
Korean refugees was associated with “disturbed” sleep 
but not “better” sleep continuity. These associations were 
also more prominent in  North Korean refugees than in 
South Korean participants. Therefore, the increased sleep 
continuity observed in traumatized North Korean refugees 
might play a role in the preservation of attention. We 
speculate that increased sleep continuity in refugees 
might represent a compensatory physiological response 
to traumatic events promoting the adaptation necessary 
for survival.66

Although the mechanism via which altered sleep might 
compensate for attentional deficits in traumatized refugees 

is unclear, the association between sleep and attention in 
this population may be related to changes in noradrenergic 
activity. Aberrant firing and signaling in the locus coeru-
leus after traumatic experiences may induce both sleep 
abnormalities and cognitive dysfunction via activation of 
the noradrenergic system, which controls activity in the 
hippocampus, prefrontal cortex, and amygdala.63 Indeed, 
the activation of arousal systems by noradrenaline is impli-
cated in the development and maintenance of sleep 
disturbances.22

Another probable explanation for lower levels of arou-
sal and awakening in North Korean refugees would be 
sleep deprivation potentially induced by socioeconomic 
difficulties of North Korean refugees. WASO and N1 
usually decrease after sleep deprivation. The negative 
association between daytime sleepiness and N1 in the 
current study supports this possibility. However, the asso-
ciation between the higher attentional capacity and the 
lower arousal (more sleep deprived status) did not support 
the notion.

As mentioned above, sleep and attention can have 
a synergistic effect on psychiatric symptoms in trauma-
tized people, as they are both essential features of trauma- 
related psychiatric disorders. The current data show an 

Figure 2 The association of SD of RT on sustained attention with WASO. 
Abbreviations: SD of RT, standard deviation of mean reaction time of correct response; WASO, wake after sleep onset.
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association between attention and objective sleep, inde-
pendent of age, sex, depression, anxiety, and other trauma- 
related symptoms. Thus, our findings suggest that atten-
tional deficits in traumatized refugees might be directly 
affected by sleep itself, rather than indirectly via other 
trauma-related emotional disturbances.

Interestingly, refugee status affects the relationship 
between selective attention and sleep, while the relation-
ship between divided attention and sleep is not affected by 
the refugee status. This result suggests that the association 
between decreased arousal during sleep and enhanced 
selective attention would be more noticeable for North 
Korean refugees, while the association between total 
sleep time and enhanced divided attention was not. 
Although it is unclear why the sleep-attention relationship 
of refugees is more prominent in selective attention 
domain rather than in divided attention, it may be asso-
ciated with severe impairments of selective attention or 
inhibitory control in traumatized people reported in pre-
vious studies.67,68

Our findings have several clinical and research implica-
tions. The association between sleep and attention may pro-
vide clues regarding potential therapeutic targets for treating 
traumatized refugees. Indeed, a previous study reported that 
interventions targeting sleep in trauma victims could improve 
other trauma-related symptoms.69 Our findings suggest that 
attentional deficits can also be addressed by improving sleep 
quality in refugees. Future studies based on the current find-
ings should investigate the relationship between sleep and 
other cognitive domains in this population, and use brain 
imaging to determine the neurobiological pathway underly-
ing the associations among sleep, cognition, and trauma.

Limitations
This study has several limitations. First, the sample size 
was small. However, this is the first study to use PSG in 
a refugee population. Second, as the study was cross- 
sectional, we could not investigate the sequential effects 
of traumatic experiences, nor establish causal relation-
ships among sleep, cognition, and trauma. Third, the con-
trol group consisted only of non-traumatized South 
Korean individuals. However, the recruitment of non- 
traumatized North Koreans is practically impossible, as 
North Korea is a completely isolated society with very 
little contact with the rest of the world. Single night PSG 
without adaptive nights was another limitation of the 
current study. One previous study reported that about 
50% of patients showed first night effect, while about 

20% of patients showed reverse first night effects.70 

Therefore, first night effects may affect our PSG results, 
although the first night effect can be partially offset by the 
reverse first night effect.

Conclusion
Using PSG, we found a negative correlation between 
attentional deficits and sleep continuity in North Korean 
refugees. Our data suggest that increased sleep continuity 
in traumatized refugees may compensate for attentional 
deficits induced by a history of traumatic experiences.
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