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Abstract

Objectives

Sleep inertia, a transitional state of grogginess and impaired alertness upon awaken-
ing, varies in duration and influencing factors. This study examined its characteristics
and associations with sociodemographic factors, sleep patterns, and comorbidities in
a Korean adult population.

Methods

Data from 2,355 participants (49.2% male, aged 19-92) in the Korean Sleep Head-
ache Study (2018) was analyzed. Morning sleep inertia was assessed via self-reported
duration in minutes using the question, “How long does it typically take for you to clear
your grogginess in the morning after waking from overnight sleep?” While this single-
item question was appropriate for a population-based study, it may not fully capture
the multidimensional nature of sleep inertia. Multiple linear regression analyses were
conducted using log-transformed sleep inertia as the dependent variable.

Results

The mean (SD) sleep inertia was 15.8 (12.9) minutes. Females reported 1.1 minutes
longer sleep inertia than males, although no significant differences were observed
across age groups. Participants with anxiety reported 14.3 minutes longer inertia than
those without anxiety, showing the largest effect size (Cohen’s d=1.12). Sleep inertia
was negatively associated with sleep duration (beta [95% CI]: —=0.05 [-0.07, —-0.02]),
morning chronotype (-0.16 [-0.24, —0.08]), and habitual snoring (-0.10 [-0.17,
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-0.02]), but positively associated with evening chronotype (0.12 [0.04, 0.19]), insom-
nia (0.22 [0.13, 0.30]), excessive daytime sleepiness (0.10 [0.02, 0.19]), and anxiety
(0.39[0.14, 0.63]) (p<0.02 for all).

Conclusions

Sleep inertia was associated with sleep duration, chronotype, sleep-related symp-
toms, and anxiety. These findings underscore the need for targeted interventions to
alleviate the adverse impact of sleep inertia on daily functioning.

Introduction

Sleep inertia, a transient state of grogginess and impaired alertness upon awakening,
represents a transitional phase between sleep and wakefulness [1,2]. Hilditch and
McHill have conceptualized it as a “third process of sleep”, which serves to buffer
abrupt transitions between sleep state and wakefulness, governed by the interplay of
sleep pressure and circadian rhythm [2].

The impact of sleep inertia can be assessed through both subjective and objective
methods [2]. Subjective sleep inertia is typically measured using self-reported tools,
such as the Karolinska Sleepiness Scale or the Sleep Inertia Questionnaire [3,4].

In contrast, objective sleep inertia is evaluated through performance-based assess-
ments, including psychomotor vigilance test or cognitive tasks, which quantify the
functional impairment following awakening [5].

While sleep inertia may contribute to sleep continuity, it can also impair cognitive
functions, such as attention and decision-making, thereby potentially impairing work
performance and, in severe cases, leading to accidents [6,7]. Understanding the fac-
tors influencing sleep inertia is therefore crucial for developing strategies to mitigate
its effects and prevent associated risks.

Previous research suggests that sleep inertia is most severe immediately upon
waking and gradually diminishes over time. For instance, Jewett et al. reported that
subjective sleepiness improved significantly within the first 40 minutes after awaken-
ing and continued to decline over the next 2—4 hours [8]. Similarly, studies by Santhi
et al. and Occhionero et al. observed subjective sleepiness persisted for 1-4 hours
post-awakening, showing gradual improvement, whereas objective performance
impairments were shorter-lasting and recovered more rapidly [9,10]. However, these
findings are based on small-scale studies conducted in controlled laboratory environ-
ments, which may not fully represent the nature of sleep inertia in everyday context.

In real-world settings, the duration and factors influencing sleep inertia remain less
clearly understood. A study involving Chinese students reported an average sleep
inertia duration of 11.7 minutes, with age, sleep characteristics, and chronotype iden-
tified as significant contributing factors [11]. Similarly, Carciofo et al. found that morn-
ing chronotype, sleep duration and depressive symptoms were key determinants of
sleep inertia duration in a non-clinical adult sample [12]. In another population-based
study, depression and anxiety were associated with prolonged sleep inertia during the
postpartum period, highlighting the role of mood disturbances in adult populations [13].
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While these findings provide useful insights, most prior studies have focused on young adults, specific life stages, or
occupational subgroups, limiting their generalizability to broader adult populations. In Korea, Kim et al. reported that sleep
inertia was more pronounced among shift workers than non-shift workers, and was influenced by chronotype and depres-
sive symptoms depending on work schedules [14]. Another study found that sleep inertia tends to shorten with increasing
age [15]. However, these studies were not based on nationally representative samples and were limited to occupational or
life-stage-specific subgroup, restricting their generalizability.

Furthermore, existing evidence suggests that sleep inertia may vary globally depending on biological, behavioral, and
environmental factors such as cultural norms around sleep, work schedules, napping behavior, and mental health preva-
lence [2,16—18]. These variations highlight the importance of conducting population-specific investigations.

These findings suggest that individual- and population-level factors including age, chronotype, occupational patterns,
and habitual sleep duration, may influence the characteristics of sleep inertia differently across countries and cultures.
This underscores the need for nationally representative data.

To address these gaps, the present study aims to characterize subjective morning sleep inertia and investigate its asso-
ciations with sociodemographic factors, sleep patterns, and comorbidities in a representative sample of the Korean adult
population. By capturing real-world data across a diverse general population, this study provides novel insights into the
epidemiology of sleep inertia in Korea and offers implications for broader public health strategies.

We hypothesized that sleep inertia would be influenced not only by sleep-related variables but also by comorbid
conditions such as mood disorders, and that the associated patterns may differ across specific demographic and clinical
subgroups.

Methods
Survey procedure

This study represents the second phase of a nationwide, population-based cross-sectional survey on sleep and head-
ache conducted in Korea between October 2018 and November 2018. Participant sampling and survey administration
were conducted by Gallup Korea, a professional research organization. All interviewers received standardized training
prior to fieldwork, including instruction on questionnaire content, interview protocol, and respondent interaction. Quality
control procedures included field supervision and centralized review of data completeness and consistency to minimize
interviewer bias and ensure data reliability. In the second phase, the methods to sample, recruit, and interview the partici-
pants were identical to those in the first phase [19], except for the updated estimated total population (n=51,817, 851) and
the final sample size (n=2,501). This sample size, drawn using proportional stratified sampling, is sufficient for general
population-level inferences.

The survey encompassed the entire nation, except for Jeju-do, and employed a two-stage clustered random sampling
method to ensure demographic representation across the population. Jeju-do was excluded due to logistical limitations
associated with its geographic separation from the mainland. In the first stage, 15 administrative districts (do) were selected
as primary sampling units. In the second stage, smaller administrative units (si, gun, and gu) were chosen using probability
proportional to cluster size. The final sample included 75 si (small to medium-sized cities), 82 gun (rural areas), and 69 gu
(metropolitan areas). Trained interviewers administered face-to-face interviews using a structured questionnaire.

A total of 2,501 participants (49.5% male; 19-92 years old) completed the survey. For the analysis, we excluded 56
participants with missing data and 90 who worked in shifts. A total of 2,355 individuals (49.2% male; 19-92 years old)
constituted the final sample of this study.

Ethics

Written informed consent was obtained from all participants as part of the interview process. The study protocol was
approved by the institutional review boards of Seoul National University Bundang Hospital (B-1808-484-303).
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Sleep inertia

Morning sleep inertia was assessed through the question: “How long does it typically take for you to clear your grogginess
in the morning after waking from overnight sleep?” Participants provided their responses in minutes, which were catego-
rized into two groups based on the median (10 minutes); short (< 10 minutes) and long (> 10 minutes).

Chronotype

The Munich Chronotype Questionnaire (MCTQ) was used to evaluate sleep patterns on workdays and free days [20].
Chronotype was determined using mid-sleep time on free days corrected for sleep debt on workdays (MSFsc) and cate-
gorized into three groups based on the quartiles, following a previous study [21]: morning type (< 2.83), intermediate type
(2.83-4.29), and evening type (> 4.29).

Sleep duration and other sleep variables

Sleep duration, calculated as a weighted average across a week, was categorized into three groups, based on previous
research [22]: short (< 6 hours), intermediate (6—8 hours), and long (> 8 hours).

Sleep quality was assessed using the Pittsburgh Sleep Quality Index (PSQlI), with scores>5 indicating poor sleep
quality [23]. Insomnia was assessed with the Insomnia Severity Index (I1S1), and insomnia was defined as an ISI>10
[24]. Habitual snoring was defined as snoring at least three days per week. Daytime sleepiness was assessed using the
Epworth Sleepiness Scale (ESS), and excessive daytime sleepiness (EDS) was defined as an ESS>10 [25].

Lifestyles and comorbidities

Alcohol consumption was categorized as frequent drinking (> 3 times per week) or infrequent/non-drinking [26]. Smoking
status was classified as current users or never/former users. Regular exercise was defined as engaging in vigorous work-
outs, intense enough to induce sweating, on at least three days per week, consistent with prior studies [27,28]. Body mass
index (BMI, kg/m?) was calculated using self-reported height and weight and analyzed as a continuous variable.

Hypertension and diabetes mellitus were identified through self-reports during interviews, based on prior medical diag-
noses. Depression was evaluated using the validated Korean version of Patient Health Questionnaire-9, which has a total
score ranging from 0 to 27, with scores = 10 indicating depression [29]. Anxiety was evaluated using the validated Korean
version of Generalized Anxiety Disorder-7, which ranges from 0 to 21, with scores 2 10 indicating anxiety [30].

Statistical analyses

Descriptive statistics were used to compare demographic and clinical features between two sleep inertia groups. Indepen-
dent t-test and chi-square tests were used for continuous and categorical variables, respectively.

Multiple linear regression analysis was conducted to examine the relationships between sleep inertia, other sleep
variables, and comorbidities, adjusting for sex and age. Sleep inertia was log-transformed for analysis as a continuous
variable. Variance inflation factors confirmed no significant multicollinearity.

Subgroup analyses were performed by sex and chronotype to assess whether associations between sleep inertia and
related factors differed across biologically and behaviorally relevant groups. These variables were selected based on prior
evidence suggesting sex- and chronotype-related differences in sleep physiology and inertia responses [11,12,14].

All statistical analyses were carried out using R Studio version 4.3.1 for Windows. The moonBook, gtsummary,
and ggplot2 packages were used for descriptive statistics, regression modelling, and data visualization, respectively.
Statistically significance was defined as a p-value <0.05. For subgroup analyses stratified by chronotype, a Bonferroni
correction was applied to account for multiple comparisons, setting the significance threshold at p-value<0.017 (=
0.05/3).
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Results
Distribution of morning sleep inertia

The mean (standard deviation [SD]) duration of morning sleep inertia in the overall population was 15.8 (12.9) minutes
(Table 1). Females reported significantly longer sleep inertia compared to males (mean [SD], 16.3 [13.2] vs male, 15.2
[12.7], p=0.03). Sleep inertia duration did not differ significantly across age groups.

Morning sleep inertia showed significant associations with various sleep characteristics (p<0.001 for all), although
the effect sizes were small (Table 1). Participants with short sleep duration (18.0 [16.5]) reported longer sleep inertia
compared to those with intermediate (15.8 [12.9]) or long sleep duration (14.0 [9.9]). Similarly, evening chronotypes
experience longer sleep inertia (17.7 [13.6]) compared to morning (14.3 [12.1]) or intermediate chronotypes (15.5 [12.9]).
Participants with insomnia (20.7 [16.7] vs. 14.8 [11.8]), EDS (18.7 [17.9] vs. 15.2 [11.8]), anxiety (29.9 [21.7] vs. 15.6
[12.7]), or depression (19.8 [15.3] vs 15.4 [12.6]) also reported significantly longer sleep inertia (p<0.001 for all). However,
no significant differences in sleep inertia were observed with respect to sleep quality or habitual snoring.

Characteristics of the study population by sleep inertia groups

Baseline characteristics of participants, stratified by the median of sleep inertia (<10 minutes vs.>10 minutes), are pre-
sented in Table 2. Participants in the long sleep inertia group were younger and predominantly females. Lifestyle variables
did not significantly differ between the two groups.

Association between sleep inertia and other sleep and mood variables

In multiple linear regression analyses adjusted for sex and age, sleep inertia (log-transformed) was assessed as a con-
tinuous variable. Short sleep duration, morning chronotype, and habitual snoring were negatively associated with sleep
inertia, while evening chronotype, insomnia, EDS, and anxiety were positively associated (Table 3).

Sex-specific models revealed that sleep duration, chronotype, and insomnia remained significant in both males and
females (Table 3). Anxiety was significantly associated with sleep inertia only in males, while snoring and EDS was signifi-
cant only in females. Depression showed no significant association with sleep inertia in any model.

Further subgroup analyses by chronotype revealed distinct patterns (Table 4). Insomnia was consistently associated
with longer sleep inertia across all chronotype groups. Sleep duration was negatively associated with sleep inertia in inter-
mediate and evening type (Fig 1).

Snoring was negatively associated with sleep inertia in evening type. EDS and anxiety were positively associated with
sleep inertia in evening and morning types, respectively. Depression was not significantly associated with sleep inertia
across any chronotype subgroup.

Anxiety showed the strongest association with sleep inertia, particularly in males and individuals with morning chrono-

type (Figs 2A and B).

Discussion

This study is the first to investigate the distribution of sleep inertia and identify factors associated with it in a general adult
population. We found that several variables were independently associated with morning sleep inertia. Specifically, sleep
inertia was positively associated with evening chronotype, insomnia, EDS, and anxiety, while it was negatively associated
with sleep duration, morning chronotype, and snoring, after adjusting for sex and age. Among these, anxiety exhibited the
strongest association, particularly in males and individuals with morning chronotype.

The mean (SD) duration of sleep inertia in our study population was 15.8 (12.9) minutes. While sleep inertia is gener-
ally described as lasting less than 30 minutes, most previous studies have been conducted under controlled laboratory
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Table 1. Distribution of Morning sleep inertia (Mean*SD) across groups.

N (%) Sleep inertia Log scale p Effect sizef
Overall 2355 (100) 15.8+12.9 2.58+0.72
Sex 0.03 0.09
Male 1159 (49.2) 15.2+12.7 2.54+0.72
Female 1196 (50.8) 16.3+13.2 2.62+0.72
Age 0.29 0.01
19-29 404 (17.2) 17.1+£15.3 2.65+0.70
30-39 398 (16.9) 16.3+12.6 2.61+0.74
40-49 477 (20.3) 15.2+11.3 2.58+0.68
50-59 471 (20.0) 15.0+10.8 2.55+0.70
60-69 319 (13.5) 15.2+14.6 2.52+0.76
70-79 228 (9.7) 15.9+13.9 2.56+0.77
80-92 58 (2.5) 15.5+12.1 2.56+0.76
Sleep duration <0.001 0.03
Short (<6 h) 274 (11.6) 18.0£16.5 2.64+0.84
Intermediate (6-8 h) 1659 (70.4) 15.8+12.9 2.59+0.71
Long (>8 h) 422 (17.9) 14.0£9.9 2.51+0.66
Chronotype <0.0017 0.02
Morning type 580 (24.6) 14.3+12.1 2.46+0.77
Intermediate type 1192 (50.6) 156.56+12.9 2.58+0.70
Evening type 583 (24.8) 17.7+13.6 2.71+0.69
Sleep quality 0.41 0.04
Poor 460 (19.5) 16.2+15.0 2.58+0.76
Good 1895 (80.5) 15.6+12.4 2.58+0.71
Snoring 0.38 0.05
Yes 476 (20.2) 15.3+16.2 2.50+0.78
No 1879 (79.8) 15.9+12.0 2.60+0.70
Insomnia <0.001 0.46
Yes 386 (16.4) 20.7+16.7 2.82+0.78
No 1969 (83.6) 14.8+11.8 2.53+0.70
EDS <0.001 0.27
Yes 355 (15.1) 18.7+17.9 2.70+0.78
No 2000 (84.9) 15.2+11.8 2.56+0.71
Anxiety <0.001 1.12
Yes 34 (1.4) 29.9+21.7 3.20+0.75
No 2321 (98.6) 15.6+12.7 2.57+0.72
Depression <0.001 0.35
Yes 198 (8.4) 19.8+15.3 2.80+0.73
No 2157 (91.6) 15.4+12.6 2.56+0.72
SD, standard deviation; EDS, Excessive Daytime Sleepiness
tCohen’s d was used for comparing two groups, n?for comparing three or more groups
*Post hoc analysis for sleep duration revealed: Short>Intermediate >Long groups
fIPost hoc analysis for chronotype revealed: Evening type > Morning = Intermediate type groups.
https://doi.org/10.1371/journal.pone.0337992.t001
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Table 2. Baseline characteristics by sleep inertia.

Long inertia Short inertia P

(N=1002) (N=1353)
Sleep inertia (minutes) 26.3+13.7 79+2.9 <0.001
Socio-demographic
Age (years) 46.9+16.4 48.7+16.2 <0.01
Sex (Female, %) 537 (53.6) 659 (48.7) 0.02
BMI (kg/m?) 23.0+2.7 23.1+2.8 0.46
Income 2300 KRW (%) 771 (76.9) 1017 (75.2) 0.34
Education 212 years (%) 850 (84.8) 1128 (83.4) 0.37
Lifestyle
Alcohol (>3/week) (%) 38 (3.8) 74 (5.5) 0.07
Smoking (current) (%) 252 (25.1) 317 (23.4) 0.36
Regular exercise (23/week) (%) 215 (21.5) 280 (20.7) 0.69
Sleep
Duration
Sleep duration, hour 7.0£1.1 7.2+11 <0.001
Short (<6 hours) (%) 132 (13.2) 142 (10.5) <0.01
Intermediate (6—8 hours) (%) 718 (71.7) 941 (69.5)
Long (>8 hours) (%) 152 (15.2) 270 (20.0)
Chronotype
MSFsc 3.8+1.2 34+12 <0.001
Morning type (%) 199 (19.9) 381 (28.2) <0.001
Intermediate type (%) 502 (50.1) 690 (51.0)
Evening type (%) 301 (30.0) 282 (20.8)
Quality
PsaQl 3.8+25 3.8+2.3 0.85
Poor (PSQI>5) (%) 199 (19.9) 261 (19.3) 0.77
Other
Snoring (%) 173 (17.3) 303 (22.4) <0.01
ISI 6.0+5.0 43141 <0.001
Insomnia (ISI>10) (%) 220 (22.0) 166 (12.3) <0.001
ESS 7.0£4.0 6.4+4.0 <0.001
EDS (ESS>10) (%) 172 (17.2) 183 (13.5) 0.02
Comorbidities
Hypertension (%) 180 (18.0) 221 (16.3) 0.33
Diabetes mellitus (%) 88 (8.8) 117 (8.6) 0.98
Anxiety (%) 28 (2.8) 6 (0.4) <0.001
Depression (%) 111 (11.1) 87 (6.4) <0.001

Mean £ SD for continuous variables and N (%) for categorical variables.

SD, standard deviation, BMI, Body mass index; KRW, Korean Won as a currency unit; MSFsc, Mid-Sleep on Free Days Corrected for Sleep Debt on
Workdays; PSQlI, Pittsburgh Sleep Quality Index; ESS, Epworth Sleepiness Scale; EDS, Excessive Daytime Sleepiness.

Significant differences were noted in most sleep variables, except for sleep quality (p<0.01). Participants in the long sleep inertia group had shorter
sleep durations and were more frequently classified as short sleepers, with fewer classified as long sleepers. Chronotype differences were significant,
with a higher proportion of evening types and a lower proportion of morning types in the long sleep inertia group. Additionally, this group reported higher
rates of insomnia and EDS but less frequent snoring.

While physical illnesses were not more prevalent in the long sleep inertia group, mental illnesses were significantly more frequent (p<0.001).

https://doi.org/10.1371/journal.pone.0337992.t002
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Table 3. Multiple linear regression analysis of sleep inertia stratified by sex.

Total (N=2355) Male (N=1159) Female (N=1196)

Beta 95% CI p Beta 95% ClI p Beta 95% ClI p
Sleep duration -0.05 -0.07, -0.02 <0.001 -0.04 -0.08, 0.00 0.04 -0.05 -0.09, -0.01 <0.01
Chronotype <0.001 <0.001 <0.01
Intermediate type ref ref ref ref ref ref ref ref
Morning type -0.16 -0.24, -0.08 -0.18 -0.29, -0.06 -0.13 -0.24, -0.03
Evening type 0.12 0.04, 0.19 0.11 0.00, 0.21 0.12 0.01,0.23
Snoring -0.10 -0.17, -0.02 <0.01 -0.03 -0.12, 0.06 0.50 -0.21 -0.34, -0.09 <0.001
Insomnia 0.22 0.13, 0.30 <0.001 0.23 0.10, 0.35 <0.001 0.20 0.08, 0.31 <0.001
EDS 0.10 0.02,0.19 0.02 -0.05 -0.17, 0.08 0.40 0.22 0.11,0.33 <0.001
Anxiety 0.39 0.14, 0.63 <0.01 0.59 0.25,0.93 <0.001 0.18 -0.18, 0.54 0.30
Depression 0.06 -0.05, 0.17 0.30 0.06 -0.11,0.23 0.50 0.06 -0.09, 0.21 0.40

Cl, Confidence Interval; EDS, Excessive Daytime Sleepiness
Sleep inertia was log-transformed and analyzed as a continuous variable.
Models were adjusted for sex and age.

https://doi.org/10.1371/journal.pone.0337992.t003

Table 4. Multiple linear regression analysis of sleep inertia stratified by chronotype.

Morning type (N=580) Intermediate type (N=1192) Evening type (N=583)

Beta 95% ClI p Beta 95% ClI p Beta 95% ClI p
Sleep duration 0.00 -0.05, 0.05 >0.90 -0.06 -0.10, -0.02 <0.01 -0.08 -0.13, -0.03 <0.01
Snoring -0.12 -0.26, 0.02 0.09 -0.04 -0.15, 0.07 0.50 -0.16 -0.30, -0.01 0.04
Insomnia 0.24 0.08, 0.40 <0.01 0.16 0.03, 0.29 0.01 0.26 0.11,0.42 <0.001
EDS 0.12 -0.03, 0.27 0.1 0.01 -0.11, 0.14 0.80 0.23 0.06, 0.41 <0.01
Anxiety 1.10 0.43,1.7 <0.001 0.18 -0.25, 0.60 0.40 0.25 -0.10, 0.60 0.20
Depression 0.14 -0.08, 0.36 0.20 0.05 -0.12, 0.22 0.60 -0.03 -0.23, 0.17 0.80

Cl, Confidence Interval; EDS, Excessive Daytime Sleepiness.

Sleep inertia was log-transformed and analyzed as a continuous variable.
Models were adjusted for sex and age.

P-value less than 0.017 was statistically significant after Bonferroni’s correction.

https://doi.org/10.1371/journal.pone.0337992.t004

reported a shorter mean sleep inertia duration of 11.7 (13.72) minutes, compared to our subgroup aged 19-29 years (17.1
[15.3] minutes) [11]. Although our study did not show significant differences in sleep inertia across age groups overall, a
more detailed analysis revealed that sleep inertia tended to decrease up to the age of 40, after which it remained stable.
These findings align with previous studies indicating that younger age is a risk factor for prolonged sleep inertia [11,15,31].
This trend may be explained by the natural age-related shift toward a morning chronotype, which stabilizes after the 40s
[33]. Consistent with this explanation, we observed significantly longer sleep inertia among individuals with evening chro-
notype compared to those with morning or intermediate chronotypes.

Our results demonstrated that both sleep duration and chronotype were significantly associated with sleep inertia.
Sleep duration was negatively associated with sleep inertia, aligning with previous studies [11]. Sleep inertia assessed
through objective cognitive testing has also been shown to worse in individuals with chronic sleep insufficiency, sleeping
less than 6 hours, with symptoms persisting throughout the day [34]. This association may be explained by the insufficient
dissipation of homeostatic sleep load accumulated in individuals experiencing partial sleep restriction, which raises the
likelihood of waking from deep sleep, thereby exacerbating morning sleep inertia [35]. Chronotype also emerged as a
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key factor. Morning chronotype was negatively associated with sleep inertia, whereas evening chronotype was positively
associated. These findings underscore the interplay of circadian rhythm and homeostatic drives in inertia, which reflects
a transitional state between sleep and wakefulness [2]. Interestingly, sleep duration was not associated with sleep inertia
in morning type but was negatively associated in intermediate and evening types. This aligns with previous finding indi-
cating worse sleep inertia in individuals with chronic sleep sufficiency, particularly during the peak of the circadian drive
[32]. These results suggest that an advanced circadian rhythm may mitigate the effects of insufficient sleep on morning
sleep inertia, potentially due to the nadir of the circadian drive in the morning. Conversely, normal and delayed circadian
rhythms may lack these compensatory benefits, leaving them more vulnerable to the effects of sleep duration on sleep
inertia [36].

Subjective sleep problems such as insomnia and EDS were also significantly associated with sleep inertia. Consistent
with our findings, a population-based study in the United States reported that insomnia and EDS were linked to severe
sleep inertia [37]. Insomnia management programs, such as the “RISE-UP” routine used in cognitive-behavioral therapy,
have been shown to improve sleep inertia [38]. Interestingly, while previous studies have suggested a proportional rela-
tionship between EDS and sleep inertia, our findings indicate that this association is specific to individuals with an evening
chronotype [11,12,39]. This suggests that EDS and excessive sleep inertia may present independent symptoms, requiring
separate clinical assessments. Additionally, sleep quality was not associated with sleep inertia in our study population.
While some studies have reported positive associations between sleep quality and sleep inertia [12], others, such as those
employing Sleep Inertia Questionnaire, found no correlation, suggesting independence between these variables [3,11]. This
discrepancy highlights the need for further research into the relationship between sleep inertia and sleep quality.

Our study also revealed that while both depression and anxiety were more common in the long sleep inertia group, only
anxiety remained significant in multivariable analyses. Anxiety demonstrated the strongest association with sleep inertia,
particularly among males and individuals with morning chronotype. Although no prior studies have directly examined the
relationship between anxiety and sleep inertia, research has shown associations between anxiety and daytime sleepiness,
particularly in morning types, consistent with our findings [40]. This underscores the importance of addressing anxiety in
managing sleep inertia, especially in these subgroups.

Recently, countermeasures such as caffeine, light exposure, and auditory stimuli have been proposed to reduce sleep
inertia; however, these studies were conducted in small samples under laboratory settings [41]. Our findings provided new
insights into the complex relationships between sleep inertia and various factors, stratified by sex and chronotype, in a
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large population-based sample. Targeted interventions may be useful in addressing morning sleep inertia. For example,
ensuring sleep duration may be crucial for individuals with intermediate and evening chronotypes, while managing anxiety
symptoms could be beneficial for males and morning types. Additionally, insomnia symptoms should be evaluated and
managed in all individuals reporting excessive sleep inertia, regardless of sex and chronotype.

This study has several strengths. It included a large, nationally representative sample of the Korean general popu-
lation, spanning a wide age range, and is the first study to comprehensively investigate the relationship between sleep
inertia and various factors in this population. However, several limitations should be acknowledged. First, sleep inertia was
assessed using a single subjective question, which, while suitable for a large-scale survey, may lack precision. Second,
the cross-sectional design precludes the establishment of causal relationships. Third, while some subgroup differences in
sleep inertia were statistically significant, the effect sizes such as Cohen’s d and n? were relatively small, particularly for
variables like sleep duration. Still, sleep duration is a well-known and modifiable factor, and the consistency of its asso-
ciation with sleep inertia across multiple subgroups strengthens its potential public health relevance. This highlights that
even small effect sizes can be meaningful, especially when the exposure is common, and underscore the importance
of considering both statistical significance and practical implications when interpreting findings from population-based
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studies. Fourth, the response rate for the survey was not provided by Gallup Korea, limiting our ability to assess non-
response bias. Although proportional stratified sampling and trained interviewers were used to enhance representative-
ness, the absence of response rate data remains a methodological limitation that should be considered when interpreting
the results. Fifth, the use of self-reported data for BMI and comorbidities such as hypertension and diabetes mellitus may
have introduced recall or reporting bias. However, as these variables were not significantly associated with sleep inertia in
our analyses, the potential impact of this bias on the findings is likely limited. Sixth, we did not conduct formal checks for
regression assumptions such as residual normality or homoscedasticity, which may affect model precision. However, the
consistency of findings across models and the large sample size lends some robustness to our results. Finally, we could
not exclude participants with undiagnosed sleep disorders due to the absence of polysomnography or objective sleep
measures. Future research using longitudinal designs and objective measurements is warranted to confirm and expand
upon our findings.

In conclusion, this study provides novel insights into the prevalence and associated factors of sleep inertia in a nation-
ally representative sample of Korean adults. We found that sleep inertia was significantly associated with modifiable
factors, including sleep duration and anxiety symptoms. Anxiety emerged as the most prominent correlate, particularly in
males and individuals with morning chronotypes. These findings emphasize the complex interplay between sleep inertia,
mood and circadian factors. Targeted interventions, such as mood regulation strategies and circadian-based approach,
may help mitigate the impact of sleep inertia and improve daily functioning at the population level.

Acknowledgments

The authors thank Division of Statistics in Medical Research Collaborating Center at Seoul National University Bundang
Hospital for statistical analyses.

Author contributions

Conceptualization: Chang-Ho Yun.

Data curation: Jee-Eun Yoon.

Formal analysis: Jae Rim Kim.

Investigation: Jae Rim Kim, Sang Min Paik, Woo-Jin Lee, Jee-Eun Yoon.
Methodology: Jae Rim Kim, Hyo Jin Park, Sun-Kyu Han.

Project administration: Daeyoung Kim, Kwang lk Yang, Min Kyung Chu, Chang-Ho Yun.
Supervision: Chang-Ho Yun.

Visualization: Hyo Jin Park, Sang Min Paik, Sun-Kyu Han.

Writing — original draft: Jae Rim Kim, Chang-Ho Yun.

Writing — review & editing: Jae Rim Kim, Chang-Ho Yun.

References
1. Tassi P, Muzet A. Sleep inertia. Sleep Med Rev. 2000;4(4):341-53. https://doi.org/10.1053/smrv.2000.0098 PMID: 12531174
2. Hilditch CJ, McHill AW. Sleep inertia: current insights. Nat Sci Sleep. 2019;11:155-65. https://doi.org/10.2147/NSS.S188911 PMID: 31692489

3. Kanady JC, Harvey AG. Development and validation of the sleep inertia questionnaire (siq) and assessment of sleep inertia in analogue and clinical
depression. Cognit Ther Res. 2015;39(5):601-12. https://doi.org/10.1007/s10608-015-9686-4 PMID: 26451063

4. Akerstedt T, Gillberg M. Subjective and objective sleepiness in the active individual. Int J Neurosci. 1990;52(1-2):29-37. https://doi.
org/10.3109/00207459008994241 PMID: 2265922

5. Reifman J, Kumar K, Khitrov MY, Liu J, Ramakrishnan S. PC-PVT 2.0: An updated platform for psychomotor vigilance task testing, analysis, predic-
tion, and visualization. J Neurosci Methods. 2018;304:39-45. https://doi.org/10.1016/j.jneumeth.2018.04.007 PMID: 29679703

PLOS One | https://doi.org/10.1371/journal.pone.0337992  January 2, 2026 11/13



https://doi.org/10.1053/smrv.2000.0098
http://www.ncbi.nlm.nih.gov/pubmed/12531174
https://doi.org/10.2147/NSS.S188911
http://www.ncbi.nlm.nih.gov/pubmed/31692489
https://doi.org/10.1007/s10608-015-9686-4
http://www.ncbi.nlm.nih.gov/pubmed/26451063
https://doi.org/10.3109/00207459008994241
https://doi.org/10.3109/00207459008994241
http://www.ncbi.nlm.nih.gov/pubmed/2265922
https://doi.org/10.1016/j.jneumeth.2018.04.007
http://www.ncbi.nlm.nih.gov/pubmed/29679703

PLO\S\% One

6. Romyn G, Roach GD, Lastella M, Miller DJ, Versey NG, Sargent C. The impact of sleep inertia on physical, cognitive, and subjective performance
following a 1- or 2-hour afternoon nap in semiprofessional athletes. Int J Sports Physiol Perform. 2022;17(7):1140-50. https://doi.org/10.1123/
ijspp.2021-0414 PMID: 35606094

7. Worle J, Metz B, Steinborn MB, Huestegge L, Baumann M. Differential effects of driver sleepiness and sleep inertia on driving behavior. Transpor-
tation Research Part F: Traffic Psychology and Behaviour. 2021;82:111-20. https://doi.org/10.1016/j.trf.2021.08.001

8. Jewett ME, Wyatt JK, Ritz-De Cecco A, Khalsa SB, Dijk DJ, Czeisler CA. Time course of sleep inertia dissipation in human performance and alert-
ness. J Sleep Res. 1999;8(1):1-8. https://doi.org/10.1111/].1365-2869.1999.00128.x PMID: 10188130

9. Santhi N, Groeger JA, Archer SN, Gimenez M, Schlangen LJM, Dijk D-J. Morning sleep inertia in alertness and performance: effect of cognitive
domain and white light conditions. PLoS One. 2013;8(11):e79688. https://doi.org/10.1371/journal.pone.0079688 PMID: 24260280

10. Occhionero M, Fabbri M, Tonetti L, Martoni M, Natale V. Time course of sleep inertia dissipation in memory tasks. Applied Sciences.
2021;11(8):3354. https://doi.org/10.3390/app 11083354

11. Ma Z, Chen X-Y, Wang D, Zhu Z, Niu H, Huang S, et al. Who is the hardest to wake up from sleep? An investigation of self-reported sleep inertia
using a latent profile analysis. J Sleep Res. 2022;31(5):e13552. https://doi.org/10.1111/jsr.13552 PMID: 35112414

12. Carciofo R. Morning affect or sleep inertia? Comparing the constructs and their measurement. Chronobiol Int. 2023;40(4):458-72. https://doi.org/1
0.1080/07420528.2023.2187211 PMID: 36912023

13. Loret de Mola C, Carpena MX, Dias IM, Meucci R, Goicochea-Romero A, Cesar J. Sleep and its association with depressive and anxiety symp-
toms during the last weeks of pregnancy: a population-based study. Sleep Health. 2023;9(4):482-8. https://doi.org/10.1016/j.sleh.2023.05.003
PMID: 37391279

14. Kang J, Kim J, Lee J, Yeo H, Hwang Y, Lee S, et al. Sleep inertia and its associates in shift and non-shift workers. Psychiatry Investig.
2024;21(8):905—-11. https://doi.org/10.30773/pi.2024.0037 PMID: 39086166

15. Tonetti L, Fabbri M, Giovagnoli S, Martoni M, Occhionero M, Natale V. Time Course of Motor Sleep Inertia Dissipation According to Age. Brain Sci.
2022;12(4):424. https://doi.org/10.3390/brainsci12040424 PMID: 35447956

16. Takahashi M, Fukuda H, Arito H. Brief naps during post-lunch rest: effects on alertness, performance, and autonomic balance. European J Appl
Physiol. 1998;78(2):93-8. https://doi.org/10.1007/s004210050392

17. Dinges DF. Adult Napping and lts Effects on Ability to Function. In: Stampi C, editor. Why We Nap: Evolution, Chronobiology, and Functions of
Polyphasic and Ultrashort Sleep. Boston, MA: Birkhauser Boston. 1992. p. 118-34.

18. Hsiao F-C, Wang Y-C, Reiter E, Wu CW. The linkage between chronotype, social jetlag, and responses to sleep inertia. Sci Rep. 2025;15(1):12858.
https://doi.org/10.1038/s41598-025-93057-7 PMID: 40229324

19. Im H-J, Baek S-H, Chu MK, Yang KI, Kim W-J, Park S-H, et al. Association between weekend catch-up sleep and lower body mass: population-
based study. Sleep. 2017;40(7):10.1093/sleep/zsx089. https://doi.org/10.1093/sleep/zsx089 PMID: 28525634

20. Suh S, Kim SH, Ryu H, Choi SJ, Joo EY. Validation of the Korean munich chronotype questionnaire. Sleep Breath. 2018;22(3):773-9. https://doi.
org/10.1007/s11325-017-1609-z PMID: 29340848

21. Reis C, Madeira SG, Lopes LV, Paiva T, Roenneberg T. Validation of the Portuguese variant of the munich chronotype questionnaire (MCTQPT).
Front Physiol. 2020;11:795. https://doi.org/10.3389/fphys.2020.00795 PMID: 32760292

22. Stone KL, Ewing SK, Ancoli-Israel S, Ensrud KE, Redline S, Bauer DC, et al. Self-reported sleep and nap habits and risk of mortality in a large
cohort of older women. J Am Geriatr Soc. 2009;57(4):604—11. https://doi.org/10.1111/j.1532-5415.2008.02171.x PMID: 19220560

23. Sohn SI, Kim DH, Lee MY, Cho YW. The reliability and validity of the Korean version of the Pittsburgh Sleep Quality Index. Sleep Breath.
2012;16(3):803-12. https://doi.org/10.1007/s11325-011-0579-9 PMID: 21901299

24. Cho YW, Song ML, Morin CM. Validation of a Korean version of the insomnia severity index. J Clin Neurol. 2014;10(3):210-5. https://doi.
0rg/10.3988/jcn.2014.10.3.210 PMID: 25045373

25. Cho YW, Lee JH, Son HK, Lee SH, Shin C, Johns MW. The reliability and validity of the Korean version of the Epworth sleepiness scale. Sleep
Breath. 2011;15(3):377—-84. https://doi.org/10.1007/s11325-010-0343-6 PMID: 20358406

26. Terabe M, Kitajima T, Ota A, Yatsuya H, Iwata N. Association between long-term alcohol consumption and insomnia symptoms in civil servants:
aichi Workers’ Cohort Study. Fujita Med J. 2022;8(4):103—7. https://doi.org/10.20407/fmj.2021-015 PMID: 36415829

27. Kenchaiah S, Sesso HD, Gaziano JM. Body mass index and vigorous physical activity and the risk of heart failure among men. Circulation.
2009;119(1):44-52. https://doi.org/10.1161/CIRCULATIONAHA.108.807289 PMID: 19103991

28. Yoon J-E, Oh D, Hwang |, Park JA, Im H-J, Thomas RJ, et al. Association between older subjective age and poor sleep quality: a population-based
study. Behav Sleep Med. 2023;21(5):585-600. https://doi.org/10.1080/15402002.2022.2144860 PMID: 36377789

29. Park S-J, Choi H-R, Choi J-H, Kim K-W, Hong J-P. Reliability and validity of the Korean version of the patient health questionnaire-9 (PHQ-9).
Anxiety and mood. 2010;6(2):119-24.

30. Lee S-H, Shin C, Kim H, Jeon SW, Yoon H-K, Ko Y-H, et al. Validation of the Korean version of the generalized anxiety disorder 7 self-rating scale.
Asia Pac Psychiatry. 2022;14(1):e12421. https://doi.org/10.1111/appy.12421 PMID: 32893471

31. Silva EJ, Duffy JF. Sleep inertia varies with circadian phase and sleep stage in older adults. Behav Neurosci. 2008;122(4):928-35. https://doi.
org/10.1037/0735-7044.122.4.928 PMID: 18729646

PLOS One | https://doi.org/10.1371/journal.pone.0337992  January 2, 2026 12713



https://doi.org/10.1123/ijspp.2021-0414
https://doi.org/10.1123/ijspp.2021-0414
http://www.ncbi.nlm.nih.gov/pubmed/35606094
https://doi.org/10.1016/j.trf.2021.08.001
https://doi.org/10.1111/j.1365-2869.1999.00128.x
http://www.ncbi.nlm.nih.gov/pubmed/10188130
https://doi.org/10.1371/journal.pone.0079688
http://www.ncbi.nlm.nih.gov/pubmed/24260280
https://doi.org/10.3390/app11083354
https://doi.org/10.1111/jsr.13552
http://www.ncbi.nlm.nih.gov/pubmed/35112414
https://doi.org/10.1080/07420528.2023.2187211
https://doi.org/10.1080/07420528.2023.2187211
http://www.ncbi.nlm.nih.gov/pubmed/36912023
https://doi.org/10.1016/j.sleh.2023.05.003
http://www.ncbi.nlm.nih.gov/pubmed/37391279
https://doi.org/10.30773/pi.2024.0037
http://www.ncbi.nlm.nih.gov/pubmed/39086166
https://doi.org/10.3390/brainsci12040424
http://www.ncbi.nlm.nih.gov/pubmed/35447956
https://doi.org/10.1007/s004210050392
https://doi.org/10.1038/s41598-025-93057-7
http://www.ncbi.nlm.nih.gov/pubmed/40229324
https://doi.org/10.1093/sleep/zsx089
http://www.ncbi.nlm.nih.gov/pubmed/28525634
https://doi.org/10.1007/s11325-017-1609-z
https://doi.org/10.1007/s11325-017-1609-z
http://www.ncbi.nlm.nih.gov/pubmed/29340848
https://doi.org/10.3389/fphys.2020.00795
http://www.ncbi.nlm.nih.gov/pubmed/32760292
https://doi.org/10.1111/j.1532-5415.2008.02171.x
http://www.ncbi.nlm.nih.gov/pubmed/19220560
https://doi.org/10.1007/s11325-011-0579-9
http://www.ncbi.nlm.nih.gov/pubmed/21901299
https://doi.org/10.3988/jcn.2014.10.3.210
https://doi.org/10.3988/jcn.2014.10.3.210
http://www.ncbi.nlm.nih.gov/pubmed/25045373
https://doi.org/10.1007/s11325-010-0343-6
http://www.ncbi.nlm.nih.gov/pubmed/20358406
https://doi.org/10.20407/fmj.2021-015
http://www.ncbi.nlm.nih.gov/pubmed/36415829
https://doi.org/10.1161/CIRCULATIONAHA.108.807289
http://www.ncbi.nlm.nih.gov/pubmed/19103991
https://doi.org/10.1080/15402002.2022.2144860
http://www.ncbi.nlm.nih.gov/pubmed/36377789
https://doi.org/10.1111/appy.12421
http://www.ncbi.nlm.nih.gov/pubmed/32893471
https://doi.org/10.1037/0735-7044.122.4.928
https://doi.org/10.1037/0735-7044.122.4.928
http://www.ncbi.nlm.nih.gov/pubmed/18729646

PLO\S\% One

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

McHill AW, Hull JT, Cohen DA, Wang W, Czeisler CA, Klerman EB. Chronic sleep restriction greatly magnifies performance decrements immedi-
ately after awakening. Sleep. 2019;42(5):zsz032. https://doi.org/10.1093/sleep/zsz032 PMID: 30722039

Fischer D, Lombardi DA, Marucci-Wellman H, Roenneberg T. Chronotypes in the US - Influence of age and sex. PLoS One. 2017;12(6):e0178782.
https://doi.org/10.1371/journal.pone.0178782 PMID: 28636610

McHill AW, Hull JT, Wang W, Czeisler CA, Klerman EB. Chronic sleep curtailment, even without extended (>16-h) wakefulness, degrades human
vigilance performance. Proc Natl Acad Sci U S A. 2018;115(23):6070-5. https://doi.org/10.1073/pnas.1706694115 PMID: 29784810

Plante DT, Goldstein MR, Cook JD, Smith R, Riedner BA, Rumble ME, et al. Effects of partial sleep deprivation on slow waves during non-rapid
eye movement sleep: a high density EEG investigation. Clin Neurophysiol. 2016;127(2):1436—44. https://doi.org/10.1016/j.clinph.2015.10.040
PMID: 26596212

Cox RC, Ritchie HK, Knauer OA, Guerin MK, Stothard ER, Wright KP Jr. Chronotype and affective response to sleep restriction and subsequent
sleep deprivation. J Biol Rhythms. 2024;39(1):35—48. https://doi.org/10.1177/07487304231188204 PMID: 37539684

Ohayon MM, Mahowald MW, Leger D. Are confusional arousals pathological?. Neurology. 2014;83(9):834—41. https://doi.org/10.1212/
WNL.0000000000000727 PMID: 25156346

Kaplan KA, Talavera DC, Harvey AG. Rise and shine: A treatment experiment testing a morning routine to decrease subjective sleep inertia in
insomnia and bipolar disorder. Behav Res Ther. 2018;111:106—12. https://doi.org/10.1016/j.brat.2018.10.009 PMID: 30399503

Puzino K, Calhoun S, Harvey A, Fernandez-Mendoza J. 512 Confirmatory factor analysis of the sleep inertia questionnaire in a clinical sample with
sleep disorders. Sleep. 2021;44(Supplement_2):A201-2. https://doi.org/10.1093/sleep/zsab072.511

Pereira-Morales AJ, Adan A, Bussi IL, Camargo A. Anxiety symptomatology, sex and chronotype: The mediational effect of diurnal sleepiness.
Chronobiol Int. 2018;35(10):1354—64. https://doi.org/10.1080/07420528.2018.1479713 PMID: 29851518

Hilditch CJ, Dorrian J, Banks S. Time to wake up: reactive countermeasures to sleep inertia. Ind Health. 2016;54(6):528—-41. https://doi.
org/10.2486/indhealth.2015-0236 PMID: 27193071

PLOS One | https://doi.org/10.1371/journal.pone.0337992  January 2, 2026 13713



https://doi.org/10.1093/sleep/zsz032
http://www.ncbi.nlm.nih.gov/pubmed/30722039
https://doi.org/10.1371/journal.pone.0178782
http://www.ncbi.nlm.nih.gov/pubmed/28636610
https://doi.org/10.1073/pnas.1706694115
http://www.ncbi.nlm.nih.gov/pubmed/29784810
https://doi.org/10.1016/j.clinph.2015.10.040
http://www.ncbi.nlm.nih.gov/pubmed/26596212
https://doi.org/10.1177/07487304231188204
http://www.ncbi.nlm.nih.gov/pubmed/37539684
https://doi.org/10.1212/WNL.0000000000000727
https://doi.org/10.1212/WNL.0000000000000727
http://www.ncbi.nlm.nih.gov/pubmed/25156346
https://doi.org/10.1016/j.brat.2018.10.009
http://www.ncbi.nlm.nih.gov/pubmed/30399503
https://doi.org/10.1093/sleep/zsab072.511
https://doi.org/10.1080/07420528.2018.1479713
http://www.ncbi.nlm.nih.gov/pubmed/29851518
https://doi.org/10.2486/indhealth.2015-0236
https://doi.org/10.2486/indhealth.2015-0236
http://www.ncbi.nlm.nih.gov/pubmed/27193071

