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Longitudinal Trends in Sleep and Related Factors Among
South Korean Adults From 2009 to 2018
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Inha Hwang®, Jung A Park? Background and Purpose Excess or insufficient sleep, irregular sleep-wake patterns, and

an extreme early or late chronotypes adversely impact physical and mental health. Changes

Hee-Jin Im®, Daeyoung Kim' in sleep characteristics should therefore be tracked, and factors that contribute to poor sleep
Kwang Ik Yang®, Min Kyung Chu" should be identified. We investigated the changes in sleep patterns among South Korean
Chang-Ho Yun® adults during 2009-2018.
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Adequate sleep is vital to human health and well-being. Most studies focus on sleep duration.
Sleeping for <7 h might increase the risks of cardiovascular disease, metabolic syndrome,
stroke, dementia, and neuropsychiatric symptoms including depression and anxiety.' The
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poor sleep is pervasive in modern society. Sleep patterns and
behaviors are strongly influenced by demographic, socioeco-
nomic, behavioral, and environmental factors. For example,
the burden of inadequate sleep and sleep disorders will inevi-
tably increase in rapidly aging populations.® South Korea has
a rapidly aging population, and the proportion of South Ko-
rean individuals aged >65 years increased from 9.9% in 2008
to 14.4% in 2018 due to a large decrease in the fertility rate
and increased life expectancy.” In modern society, there are
high social demands and expectations for the constant oper-
ation of various essential services, and the individuals fulfill-
ing such duties meet these demands by reducing or interrupt-
ing their own sleep.® Irregular or nonstandard work schedules
such as shift work and long working hours have become in-
creasingly common and are associated with a short sleep du-
ration, long sleep latency, and poor sleep quality, all of which
negatively affect health.” Furthermore, the availability and
use of electronic media devices has increased sharply in the
last 10 years. The use of such devices has become a bedtime
routine, with 90% of Americans reporting the habitual use of
at least one electronic device during the hour before sleep-
ing." Exposure to artificial light before bedtime increases sleep
onset latency, delays the circadian rhythm phase toward an
evening chronotype, and suppresses the release of the sleep-
facilitating hormone melatonin, which could adversely im-
pact daytime performance and health."

An upward trend of sleep problems, particularly short sleep
duration, chronotype change, insomnia, and poor sleep qual-
ity, has recently been observed in various populations. Over
the past century, the sleep duration of children and adoles-
cents has declined by 1 h'> and the prevalence rates of very
short (<5 h) and short (<6 h) sleep have increased."'* How-
ever, a progressive decrease in morningness among Finnish
adults from 2007 to 2012 significantly increased the prevalence
of eveningness, especially among those aged 35-44 years."”
From 2002 to 2012, the age-adjusted prevalence of insomnia
symptoms in US adults increased from 17.4% to 18.8%." Very
few previous studies have evaluated sleep-related trends in
Asian countries. The Chinese Longitudinal Health Longevity
Study demonstrated that the prevalence rates of older adults
who sleep less than 7 h and report poor sleep quality increased
between 2008 and 2018."” A recent epidemiological study in
Japan indicated that sleep duration decreased and late bed-
times increased between 2004 and 2017."*

The current study aimed to determine changes in various
aspects of sleep and related features at the population level
over almost 10 years in South Korea. For this, we documented
self-reported sleep patterns including sleep timing, duration,
and quality, as well as sleep-related features such as subjective
satisfaction, daytime sleepiness, insomnia symptoms, and de-
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pressive mood in representative samples of the South Korean
adult population in 2009 (n=2,658) and 2018 (n=2,389). We
also analyzed the association between depression and sleep
profile to define which sleep features contribute to depressive
mood. Since depression is the most important aspect of men-
tal health, its association with sleep patterns has been stud-
ied extensively," and depression and suicide are exceedingly
high in South Korea.”

METHODS

Study design

We conducted large nationwide cross-sectional surveys of a
representative sample of the adult (age 219 years) South Ko-
rean population, with one (phase I)*' in 2009 and another
(phase II) in 2018 termed as the Korean Headache-Sleep Study.
The surveys aimed to assess the epidemiology of sleep and
headache in the general population and to determine the asso-
ciation between headache and sleep problems. The two sur-
veys had similar designs regarding sampling, recruitment, and
interview methods, although the estimated total population
(n=48,580,293 in phase I; n=51,817,851 in phase II) and sam-
ple size (n=2,836 in phase I; #=2,501 in phase II) differed be-
tween the phases. The study was conducted by Gallup Korea
using two-stage cluster random sampling that was propor-
tional to the population distribution in all 15 South Korean
administrative divisions, with the exception of Jeju-do. The
administrative districts were subdivided into cities (si), coun-
ties (gun), and districts (gu). In the first stage, 15 administra-
tive divisions were selected as the primary sampling units.
Each division was assigned a sample number based on its pop-
ulation distribution. In the second stage, representative ba-
sic administrative units (si, gun, and gu) were selected, with
probabilities proportional to the respective cluster size. There
were 75 si, 82 gun, and 69 gu among the 15 administrative
divisions. Stratified sampling was then performed based on
the ages, sexes, and employment status of the participants.
Trained field personnel performed door-to-door visits and
face-to-face interviews using a structured questionnaire that
was developed to collect information on sociodemographic
and anthropometric profiles, headache characteristics, sleep
timing and duration, sleep quality, snoring, insomnia, day-
time sleepiness, anxiety, and depression.

Ethics approval for this study was obtained from the Insti-
tutional Review Boards of Seoul National University Bundang
Hospital (IRB No. B-1808-484-303), Chungnam National
University Hospital (IRB No. CNUH 2018-04-005-002), and
Severance Hospital in the Yonsei University Hospital (IRB
No. 2018-1269-001).
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Subjects

In phase I (2009), 2,836 participants (41.8% males; age=43.0+
14.5 years [mean+tstandard deviation], age range=19-86 years)
completed the survey. We excluded 151 shift workers, 23 ex-
treme outliers in the mid-sleep time on free days corrected for
sleep debts on workdays (MSFsc) (more than three standard
deviations), and 4 individuals with missing Patient Health
Questionnaire-9 (PHQ-9) data. Consequently, 2,658 partici-
pants (48.5% males; age=44.5+15.0 years, age range=19-86
years) were enrolled. In phase II (2018), 2,501 participants
(49.5% males; age=47.9+16.4 years, age range=19-92 years)
completed the survey. We excluded 92 shift workers, 1 extreme
outlier in MSFsc, and those missing any relevant information
(n=3 for perceived insufficient sleep, n=4 for PHQ-9, n=4
for Epworth Sleepiness Scale [ESS], n=2 for Insomnia Severity
Index [ISI], and n=6 for Pittsburgh Sleep Quality Index [PSQI]).
Finally, 2,389 participants (49.1% males; age=47.9+16.3 years,
age range=19-92 years) were included.

Sociodemographic and health-related characteristics
We evaluated sociodemographic factors including age, sex,
education, and income. Education level was categorized into
<12 vs. 212 years. Income level was divided into two groups:
higher and lower than the minimum monthly cost of living
per person in South Korea (2 million KRW). Alcohol con-
sumption and smoking status were classified as current, never,
or former. Regular physical exercise was defined as engaging
in at least 30 min of moderate aerobic exercise on 23 days a
week. Body mass index (BMI, kg/m?) was calculated as the
self-reported body weight (kg) divided by height squared
(m?). Depression was assessed using the PHQ-9.* Validated
cutoft values were used to categorize participants into the de-
pressed (PHQ-9 score >10) and nondepressed (<10) groups.”

Sleep questionnaires

Sleep timing, sleep duration, chronotype, and social jetlag
(SJL) were analyzed by using the Munich Chronotype Ques-
tionnaire, which assesses self-reported sleep-wake behavior
during workdays and free days over the previous 4 weeks. We
extracted data on bedtime, wake-up time, and sleep onset la-
tency. Time in bed was calculated by subtracting the bedtime
from the wake-up time. Sleep onset time was calculated by
adding the sleep latency time to the bedtime. Sleep duration
was defined as the difference between the sleep onset and
wake-up times. Average sleep duration was calculated using
the following formula: ([workday sleep duration]x5+[free day
sleep duration]x2)/7. Sleep efficiency was calculated using
the following formula: (total sleep time)/(time in bed)x100.
MSFsc, a chronotype phase marker, was calculated as mid-
point of sleep on free days—0.5x(sleep duration on free days—
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[5xsleep duration on workdays+2xsleep duration on free
days]/7). SJL was defined as the difference between the mid-
points of sleep on free days and workdays.

Sleep quality was measured using the PSQI, which is a re-
liable indicator of overall sleep quality; scores >5 indicate a
potential sleep problem.* Poor sleep was defined as PSQI >5.
Perceived insufficient sleep was defined as a “no” response to
the question “Are you satisfied with your sleep pattern?” The
ESS was used to evaluate daytime sleepiness, with an ESS score
>10 defined as excessive daytime sleepiness.”> Moderate-to-
severe clinical insomnia was screened using the ISI and de-
termined as being present when the value was >15.%

Statistical analyses

We compared the demographic characteristics, lifestyle hab-
its, psychological health, and sleep patterns of the participants
between the 2009 and 2018 surveys using the chi-square test
and student’s ¢-test. Considering demographic changes over
a 10-year period, such as population structure by age and sex,
subgroup analyses by age (19-29, 30-39, 40-49, 50-59, 60—
69, and >70 years old) and sex were conducted to analyze
sleep schedules including bedtime, wake-up time, and sleep
duration on workdays and free days. Finally, multivariate lo-
gistic regression analyses were performed to estimate the as-
sociations between depression and sleep duration, which ac-
counted for the substantial change in depression prevalence
from 4.6% in 2009 to 8.4% in 2018. Using 7.0-8.9 h/day of
sleep as the reference category, the logistic regression model
was adjusted for sociodemographic characteristics (age, sex,
employment status, education level, and monthly income),
lifestyle variables (alcohol consumption, current smoking
status, physical exercise, and BMI), and sleep characteristics
(excessive daytime sleepiness, moderate to severe insomnia,
chronotype, and SJL). These covariates were selected because
previous studies found that they were associated with sleep
duration. Descriptive analysis of the study variables was per-
formed using SPSS Statistics software (version 25, IBM Corp.,
Armonk, NY, USA).

RESULTS

Changes in sociodemographic characteristics from
2009 to 2018

Table 1 lists the basic sociodemographic characteristics of the
participants in the 2009 and 2018 surveys. The age increased
slightly (44.5+15.0 vs. 47.9+16.3 years, p<0.01), while there
was no significant difference in the sex ratio (48.5% vs. 49.1%
males, p=0.67) between the two years. Employment status,
education and income levels, and alcohol consumption in-
creased, whereas regular physical exercise decreased. It was



Table 1. Demographic characteristic of the cross-sectional partici-
pant samples

2009 2018
(n=2,658) (n=2,389)

Sociodemographic variables

445%15.0 479%163 <0.01*
1,290 (48.5) 1,174 (49.1) 0.67
1,638 (61.6) 1,580 (66.2) <0.01*
1,016 (38.6) 1,000 (41.9) 0.02*

Age, years

Sex, male

Employed, yes

Education level, >12 years

Income, KRW
<2 million 476 (17.9) 241 (10.1) <0.01*
22 million 2,182 (82.1) 2,148 (89.9)

Lifestyle variables
Alcohol consumption 1,701 (64.3) 1,772 (74.2) <0.01*
Smoking 700 (26.4) 582 (24.4) 0.09
705 (26.5) 503 (21.1) <0.01*
23.0%£3.0 2311238 0.54

Regular physical exercise
Body mass index, kg/m?
Psychological variables

PHQ-9 score 23135 30+38  <0071*

Depressive mood 121 (4.6) 200 (8.4) <0.01*
Sleep variables

Psal 36124 38124 0.02*

Poor sleep 479 (180)  449(188) 048

Perceived insufficient sleep, 808 (30.4) 1,057 (44.3) <0.01*

yes

ESS 5.6+4.0 6.614.0 <0.01*
Excessive daytime sleepiness 311 (11.7) 359 (15.0) <0.01*
ISI 391438 5.1+4.6 <0.01*
Moderate-to-severe insomnia 122 (4.6) 99 (4.1) 0.44
Workdays

23:35101:44 23:25%101:10 <0.01*
Wake-up time, hh:mm 06:50+01:35 06:37+01:11 <0.01*
Sleep onset latency, hh:mm 00:07+00:24  0:15%£0:13  <0.01*
Sleep duration, hh:mm 07:17+01:52 07:06%£01:04 <0.01*
99.1£3.3 98.1£50 <0.01*

Bedtime, hh:mm

Sleep efficiency, %
Free days
23:51101:28 23:26+01:12 <0.01*
Wake-up time, hh:mm 07:37%£02:02 07:49101:42 <0.01*
Sleep onset latency, hh:mm 00:09+£00:28 0:16£0:13 <0.01*
Sleep duration, hh:mm 07:51£01:53 07:49+01:21 0.40
97.614.6 95.6+t58  <0.01*
07:27+£01:38 07:08+01:05 <0.01*
MSFsc, hh:mm 03:37x01:56 03:38+01:38 0.82
SIL hh:mm 00:424+01:29 00:51£00:52 <0.01*

Data are meantstandard-deviation values for continuous variables and
n (%) values for categorical variables. p values are for differences be-
tween the two study groups using student's t-test or the chi-square test.
*p<0.05.

ESS, Epworth Sleepiness Scale; ISI, Insomnia Severity Index; MSFsc,
mid-sleep time on free days corrected for sleep debts on workdays;
PHQ-9, Patient Health Questionnaire-9; PSQI, Pittsburgh Sleep Quality
Index; SJL, social jetlag.

Bedtime, hh:mm

Sleep efficiency, %
Sleep duration, average
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particularly interesting that the prevalence of self-reported
moderate-to-severe depression nearly doubled from 2009
(4.6%) to 2018 (8.4%). Basic sociodemographic characteris-
tics such as age, education and income levels, alcohol con-
sumption, smoking, regular physical exercise differed be-
tween the sleep duration groups (Supplementary Table 1 in
the online-only Data Supplement).

Descriptive trends in sleep quality, excessive
daytime sleepiness, and insomnia

Sleep quality assessed using the PSQI worsened (3.6%+2.4%
in 2009 vs. 3.8%+2.4% in 2018, p=0.02), and the prevalence
rates of perceived insufficient sleep (30.4% vs. 44.3%, p<0.01)
and excessive daytime sleepiness (11.7% vs. 15.0%, p<0.01)
increased. Although the prevalence of moderate to severe in-
somnia almost remained the same, the ISI (3.9+4.8 vs. 5.1+
4.6, p<0.01) increased.

Descriptive trends in sleep timing, sleep duration,
chronotype, and SJL in the general population
Bedtimes in 2018 were advanced by 10 min on workdays and
by 25 min on free days compared with in 2009. While the
wake-up time on workdays was advanced in 2009 by 13 min,
that on free days was delayed by 12 min. Sleep duration de-
creased by 11 min on workdays and by 2 min on free days.
The average sleep duration decreased by 19 min between 2009
and 2018, from 7.45 to 7.13 h. Fig. 1 presents the changes in
the proportions of participants with different sleep durations,
categorized as <5, 5-6, 6-7, 7-8, 8-9, 9-10, and 210 h. The
proportion of short sleepers (<7 h) increased from approxi-
mately 30.4% to 42.6%, whereas that of long sleepers (=8 h)
decreased from approximately 33.9% to 20.4%. Sleep onset
latency increased by 8 min on workdays and by 7 min on free
days from 2009 to 2018, while sleep efficiency decreased. Al-
though the mean MSFsc did not change significantly, with
the most frequent MSFsc being between 03:00 and 04:00, its
distribution differed between 2009 and 2018.

As illustrated in Fig. 2, the adult South Korean population
showed a pronounced phase shift toward eveningness be-
tween 2009 and 2018, with a decrease in the circadian pref-
erence toward morningness. SJL increased by 9 min, from
42 min in 2009 to 51 min in 2018. The proportions of par-
ticipants with SJLs of 1-2 and >2 h increased by 8.2% and
1.4%, respectively (1-2 h, 20.8% vs. 29.0%; >2 h, 8.9% vs.
10.3%). The prevalence of SJL <1 h decreased by 9.6%, from
70.3% in 2009 to 60.7% in 2018 (data not shown). Differences
in sleep patterns between participants with and without de-
pression in 2009 and 2018 are summarized in Supplemen-
tary Table 2 (in the online-only Data Supplement). While
depressed participants had later bedtimes on workdays and
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free days than nondepressed participants in 2009, depressed
participants tended to go to bed earlier than nondepressed
participants in 2018. Short sleep duration, especially in free
days, was more prevalent in depressed than in nondepressed
participants in 2018, but there was no difference in 2009.

Age- and sex-specific differences in trends of sleep
timing, sleep duration, chronotype, and SJL in the
general population

Fig. 3 presents several differences in sleep trends based on age
and sex between the years 2009 and 2018. Advanced bedtimes
on workdays and free days were more prominent in those
aged 19-29, 30-39, 40-49, and 50-59 years in both sexes.
Wake-up time on workdays was advanced among adults aged
19-29 and 30-39 years, while it was delayed in those aged
>60 years in both sexes. Wake-up time on workdays was ad-
vanced in males relative to in females aged 40—49 years. Par-
ticipants of both sexes and all age groups had delayed wake-up
times on free days. The decrease in sleep duration on work-
days and free days was prominent among those aged 19-29,
30-39, and 60-69 years. Unexpectedly, sleep duration on
workdays was increased in males aged 5059 years. Sleep du-

40 [ 2009
35 — 12018

30 M
25

15
10

me L =

<5 5<<6 65<7 7<<8 B8<<9 9<<10 =10
Average sleep duration (h)

Frequency in the population (%)
N
o
Il

Fig. 1. Change in distribution of average sleep duration from 2009
to 2018.

ration on free days in females decreased in those aged 19-
29, 29-30, and 270 years compared with the other age groups,
but increased in males. Compared with males in the same age
group, females aged 50—59 years demonstrated a greater in-
crease in sleep duration on free days. Sleep onset latency in-
creased and sleep efficiency decreased between 2009 and 2018
for all age groups and both sexes.

Dose-response association between sleep duration
and depression risk

Using logistic regression models, we found reverse J-shaped
association between sleep duration and depression risk in 2009
and a U-shaped one between the two in 2018, with the lowest
depression risk in those with a sleep duration of 7-8 h/day
(Fig. 4). The demographics-adjusted odds ratios (ORs) (95%
confidence intervals [CIs]) of depression risk for individuals
who reported <5, 5-6, 6-7, 8-9, and >9 h of sleep were 3.74
(1.51-9.26), 2.24 (1.15-4.36), 1.42 (0.80-2.51), 1.26 (0.72-
2.22), and 1.32 (0.67-2.61) in 2009 (Fig. 4A), respectively, and
3.08 (1.47-6.44), 1.81 (1.04-3.16), 1.12 (0.73-1.71), 1.15 (0.69-
1.90), and 2.53 (1.10-5.82) in 2018 (Fig. 4B), respectively. In
2009, female sex (OR=0.47 p=0.01), daytime sleepiness (OR=
3.36, p<0.01), insomnia (OR=6.67, p<0.01), SJL (OR=1.13,
p=0.01), and late chronotype (OR=1.09, p=0.01) were also
independent risk factors for depression. In 2018, daytime
sleepiness (OR=2.92, p<0.01) and insomnia (OR=4.78, p<
0.01) were associated with depression, as detailed in Supple-
mentary Table 3 (in the online-only Data Supplement).

DISCUSSION

This was the first study to reveal trends in sleep characteris-
tics including sleep-wake cycles, sleep duration, chronotype,
SJL, and sleep-related problems (sleep quality, daytime sleep-
iness, and insomnia), and to examine the association between
sleep duration and depression in South Koreans aged 19 years

Frequency in the population (%)
IS
Il

|

] Phase
1 Phase ll

e
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Chronotype (MSFsc, local time)

Fig. 2. Change in distribution of chronotype from 2009 to 2018. MSFsc, mid-sleep time on free days corrected for sleep debts on workdays.
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Fig. 3. Age- and sex-related differences in workday and free day sleep patterns from 2009 to 2018 for males (A) and females (B).
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and older during 2009-2018. Over the 10-year study period,
bedtimes on workdays and free days and wake-up times on
workdays were advanced, but wake-up times on free days were
delayed. The average sleep duration decreased significantly,
reflecting decreased sleep duration on workdays, particularly
in long sleepers (=8 h); the proportion of short sleepers (<7 h)
increased. Sleep onset latency increased along with a decrease
in sleep efficiency. There was a trend in circadian preference
toward eveningness and increased SJL. Age and sex differences
in trends of sleep properties were also demonstrated. Partic-
ularly interesting findings included that the depression prev-
alence among the general population doubled from 4.6% in
2009 to 8.4% in 2018, and reverse J-shaped and U-shaped as-
sociations were observed between average sleep duration and
depression in 2009 and 2018, respectively.

Our findings of advanced bedtimes and wake-up times
on workdays differed from those of previous studies, which
found delayed bedtimes but unchanged wake-up times. The
bedtimes of Australian children aged 10-15 years were delayed
by 26 min, but wake-up times were unchanged, between 1985
and 2004.” Delays in bedtimes have also been observed in
children living in Finland, Norway, and Switzerland.”® How-
ever, most studies have focused on exploring the sleep-wake
patterns of young and old adults, with the findings having
limited generalizability to the general population. A recent
study involving the Finnish adult population obtained results
similar to ours: average bedtimes were advanced on weekdays
and weekends among those aged 25-34 years from 2012 to
2017." This could reflect the impact of school or work on
sleep-wake patterns, especially among young adults. Early
school start times necessitate waking up early and may con-
tribute to the trend of advanced bedtimes. Several studies
have demonstrated strong dose—response relationships be-
tween school start times and time in bed, indicating that early
school start times reduce time in bed while late school start
times increase it.”’ The increased home-to-workplace travel
time in modern society may also cause advanced bedtimes
and wake-up times. Advancing bedtime could make it easier
to wake up early for work and ultimately increase concentra-
tion during the day.

The increasing prevalence of insomnia, especially regard-
ing difficulties in sleep onset and maintenance, can explain
the increase in sleep latency and decrease in sleep efficiency
in South Korean general population.'*** A large international
study of European adolescents found an increase in the prev-
alence of sleep-onset difficulties by an average of 3% among
28 European countries over 12 years.”! Many societal changes
such as the looming 24-h society, excessive screen times, in-
creases in irregular work hours, and increased work stress have
been considered as the factors that contribute to insomnia.*
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Increased sleep onset latency from 2009 to 2018 may have also
been caused by changes in modern society, and this increased
sleep onset latency could lead to a reduced sleep efficiency.

We noted a transition toward an evening chronotype and
an increase in SJL from 2009 to 2018, which was also observed
in previous studies. Increased self-reported definite evening-
ness, as assessed using the Morningness-Eveningness Ques-
tionnaire, was found among Finnish adults aged 25-74 years,
particularly among those aged 35-44 years."> Changes in so-
cietal and behavioral aspects could affect circadian prefer-
ence. Shift workers are commonplace in modern societies,
who prefer to stay up and sleep late.” Increased use of elec-
tronic devices also promotes circadian preference toward eve-
ningness.” The light emitted by electronic devices might sup-
press levels of the sleep-promoting hormone melatonin and
alter circadian rhythms, which would lead to altered sleep-
wake behavior."" Increased SJL might reflect chronic sleep debt
induced by a decreased sleep duration on workdays and in-
creased frequencies of insufficient sleep and evening chro-
notype.” It was also interesting that we found an inconsistency
between sleep-wake patterns and circadian preference in the
co-occurrence of advanced sleep-wake patterns, especially
on workdays, and increased prevalence of the eveningness
chronotype. A possible explanation of these findings is that
more-advanced MSFsc toward the extreme early chronotype
in 2018 than in 2009 may lead to advanced sleep-wake pat-
terns along with maintenance of the overall increase in eve-
ningness chronotypes. Indeed, we found that MSFsc in the
extreme early chronotype (defined as 2.5% at end of the dis-
tribution: <01:00) had the tendency to advance by 4 min in
2018 compared with in 2009 (00:38 vs. 00:42, p=0.17). One
study found a conflicting relationship between sleep-wake
pattern and circadian preference from 2007 to 2012, espe-
cially in young adults aged 25-34 years."” That study elucidat-
ed that these differences across time could arise due to in-
creased SJL. The combination of very advanced sleep-wake
patterns on workdays and compensatory extension of sleep
duration mostly caused by late wake-up time on free days is
another possible explanation of our results.

Nationally representative surveys have found conflicting
trends in sleep duration, but most reported shortened sleep
durations. From 1985 to 2012 in the US, sleep duration de-
clined by 13 min, from 7.40 to 7.18 h, and the prevalence of
short sleepers (<6 h) increased from 22.3% to 29.2%." The
proportion of short sleepers (<6 h) increased in Norway (from
2.6% in 1971 to 5.6% in 2000) and Italy (from 2.8% in 1989 to
6.6% in 2002), but decreased in Sweden (from 7.6% in 1990 to
4.7% in 2000). Analyses of sleep duration trends in the Neth-
erlands, Germany, and Switzerland revealed no change in the
proportion of short or long sleepers.* This inconsistency in



results could be explained by limitations in the accuracy of
self-reported data, such as recall bias. Most people tend to
round up times to the nearest hour, half hour, or (rarely) quar-
ter hour.”® The dynamics of social and political forces that
affect sleeping patterns could also explain these results. A dose—
response relationship has been found between sleep charac-
teristics, specifically sleep duration and the number of work
hours.” Employment status also affects sleep duration, with
unemployed individuals having shorter or longer sleep du-
rations than employed individuals.”” Working hours and em-
ployment rates vary across the world and change over time,
which might affect sleep duration trends.**

Given the association between demographic factors and
sleep physiology, age and sex should be considered confound-
ing variables when interpreting the results of epidemiological
studies. A 12-year longitudinal South Korean cohort study
demonstrated that forms of sleep deterioration, such as short
sleep duration, long sleep latency, and low sleep efficiency,
tended to be more prominent in females than in males, and
that sex-related differences in sleep trends were noticeable in
those younger than 60 years.*” We also found age- and sex-
related differences in sleep trends; of note, the delayed bed-
time and wake-up time on workdays in adults aged =60 years
and a difference in sleep duration were also noticeable between
males and females aged 50—59 years. This may be due to the
growing trend toward early retirement during the age range
of 50-60 years and a sex difference in employment rates.*' In-
deed, transitioning to retirement is typically associated with
increased sleep duration, later bedtimes, and later wake-up
times.*”* Breaking the habit of waking up early for work could
allow for flexibility in bedtimes and/or wake-up times, thus
leading to extended sleep duration.

Previous studies have found associations between sleep
duration and sociodemographic, emotional, and behavioral
factors. Both short (<6 h) and long (29 h) sleep durations
are associated with old age, frequent smoking, being single/
divorced/widowed, unemployment, and living in an urban
area.” It was particularly interesting that we found that sleep
duration and depression risk were closely associated and that
depression prevalence doubled from 4.6% in 2009 to 8.4% in
2018. An increase in systemic inflammation levels caused by
inadequate sleep duration is considered to be among the main
underlying mechanisms. Depression is also associated with a
proinflammatory state; levels of inflammatory markers such
as interleukin-6, interleukin-12, and C-reactive protein are
elevated in patients with depression.**** Furthermore, large
epidemiological studies have found associations between short
and long sleep durations and high inflammation levels.***
Poor sleep quality caused by increased sleep fragmentation,
frequent awakening during sleep, and prolonged sleep laten-
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cy might lead to depression in people with short and long
sleep durations. Dysregulation of emotional reactivity has been
thought to mediate the association between poor sleep qual-
ity and depression.*® Unexpectedly, a long sleep duration of
>9 h was associated with depression in 2018, but not in 2009.
Several studies that examined the association between sleep
duration and depression have presented inconsistent results,
especially in those with a long duration. A cross-sectional study
in China found an inverse linear relationship between sleep
duration and depression, in that a long sleep duration of >8 h
was associated with a lower depression prevalence.” A 4-year
longitudinal study of middle-aged and elderly individuals in-
dicated that a long sleep duration of >9 h was not associated
with depression prevalence.”® These inconsistent results may
be attributable to the different sample sizes, wide ranges of
demographic and situational variables, and inadequate in-
formation on confounding factors. The difference in age dis-
tribution according to sleep duration between the phase I
and phase II studies may have contributed to our results. Rel-
atively older participants with sleep durations >9 h in phase II
could be more likely to report depressive mood than those
in phase I, considering that depression is more prevalent in
older adults than in younger adults.” Also, given the prom-
inent change in the difference of sleep duration between de-
pressed and nondepressed participants in 2019 compared
with 2009, sleep duration may be an important factor of sleep
that contributes to the increased depression prevalence. Con-
sidering that depression has been linked to suicide as well as
various physical and mental illnesses,” promoting an optimal
sleep duration (7-8 h per night)*>* to improve sleep quality
could help to improve public health.

Our findings must be interpreted while considering several
potential limitations. Self-reported data could be affected by
multiple biases, such as social desirability and recall bias. We
also did not screen for sleep disorders such as insomnia and
obstructive sleep apnea or the use of medications that affect
sleep. Nevertheless, this study had several strengths. We used
data from two large, nationally representative surveys of the
South Korean general population and evaluated various sleep
parameters and factors that affect sleep patterns in detail, such
as sociodemographic characteristics and health behaviors. Fur-
thermore, we observed a rapid increase in depression preva-
lence and an association between sleep duration and depres-
sion, suggesting that short or long sleep duration could be a
risk factor for depression. Finally, this study has yielded em-
pirical evidence on the historical, current, and forecasted sleep
trends and provided epidemiological insight into the rela-
tionship between sleep and various diseases, which could aid
in the development of preventive strategies.

In summary, we have produced novel information on sleep
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characteristic trends over a 10-year period using data from
two large-scale cross-sectional surveys of the South Korean
general population. Impaired sleep patterns that affect sleep
quality and quantity and that could cause health problems
have become steadily more common from 2009 to 2018. Given
the deleterious effects of downward trends in sleep behaviors,
nationwide sleep education and promotion should be regard-
ed as public health strategies to increase the public awareness
of sleep health. The contributions of sociodemographic fac-
tors such as age and sex to sleep physiology should also be
considered while determining sleep problems and targeting
prevention and intervention strategies to prompt sleep health.
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