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Purpose: Sleep inertia (SI) is the transitional state accompanied by compromised cognitive and physical performance and sleepiness.
Network analysis offers a potential new framework to conceptualize a complex network of symptom–symptom interactions, and the network
structure is analyzed to reveal the core characteristics. However, no previous study examined the network structure of SI symptoms. Thus,
this study aimed to elucidate characteristics and compare sex differences of SI symptom networks in the general population.
Materials and Methods: A total of 1491 participants from China were recruited from 30 May to 17 June, 2021. SI symptoms were
assessed by using the Sleep Inertia Questionnaire (SIQ). The network structures were estimated and compared using network analytic
methods in the R version 4.1.1.
Results: Centrality properties analysis of the expected influence suggested that symptoms of “Feel sleepy”, “Groggy, fuzzy or hazy
mind”, and “Dread starting your day” exerted greatest influences. The weighted adjacency matrix revealed that the “Dread starting
your day” and “Anxious about the upcoming day” edge showed the strongest connection (edge weight value = 0.70). The network
comparison test found no significant difference in network global strength (p=0.928), distribution of edge weights (p=0.194) and
individual edge weights (all p values >0.05 after Holm–Bonferroni corrections) between males and females.
Conclusion: Symptoms of “Feel sleepy”, “Groggy, fuzzy or hazy mind”, and “Dread starting your day” were central in the SI
symptom network. Intervention, such as the artificial dawn and change in body temperature, for symptoms of “Feel sleepy”, “Groggy,
fuzzy or hazy mind”, and “Dread starting your day” might be crucial to hasten the dissipation of SI in the general population who may
need to perform tasks upon waking.
Keywords: sleep inertia, Sleep Inertia Questionnaire, network analysis, general population

Introduction
Sleep inertia (SI) is defined as the transitional state between sleep and wake, accompanied by compromised cognitive and
physical performance, reduced vigilance, and a desire to return to sleep (sleepiness).1,2 The adverse effects of SI are
evident in various scenarios such as the need to perform safety-critical tasks or to make important decisions soon after
waking, drive to the emergency site just minutes after waking, and nap during work hours.3,4 Indeed, impairments of SI
have been officially implicated in several real-world accidents, injuries, and fatalities.5,6 Furthermore, exaggerated SI,
also known as confusional arousals, is highly prevalent in the general population (ie, ~ 15.2%;7). SI tends to be a normal
physiological phenomenon in healthy individuals.1 Although SI in the general population could take the time to dissipate
and would not necessarily need interventions to reduce SI, SI is mostly problematic for people who need to perform
important tasks soon after waking.3 Therefore, it is essential to understand the psychological phenomena mechanisms
underlying SI to provide targeted interventions and potential countermeasures for people who need to perform important
tasks soon after waking to lessen the adverse impact of SI.

The traditional theory of psychopathology implicitly assumes that symptoms of psychiatric disorders are manifesta-
tions of an underlying disease.8,9 Likewise, from a traditional perspective, psychological phenomena may also be
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secondary to an underlying common cause. In this way, SI would be hypothesized to cause impaired performance,
reduced vigilance, and increased sleepiness upon awaking in the same fashion that a lung tumor causes shortness of
breath, chest pain and coughing up blood.8 However, previous studies showed that SI symptoms might differ in their
underlying biological mechanisms,10–12 risk factors,7,13,14 and resulting performance impairments.15,16 For example,
individuals with later chronotype have longer-lasting impairments in morning performance due to SI,14,17 suggesting that
late chronotype might be a risk factor for SI. Additionally, individuals with anticipating a high-stress task experienced
less sleepiness upon waking when on-call than people who have anticipated a low-stress task; however, cognitive
performance on the Spatial Task after waking did not differ between individuals with anticipating a high-stress task and
individuals with anticipating a low-stress task,13 implying that SI symptoms such as sleepiness and cognitive impair-
ments may be caused by the different potential mechanism but they active and maintain SI phenomenon. According to
emerging network theory, SI phenomena arise from direct interactions between symptoms; therefore, there are calls for
a novel theory to fully capture and articulate the critical differences between symptoms and relationships among
symptoms.18

In recent decades, network analysis has been advanced as an alternative way for conceptualizing psychological
phenomena in many fields,8 such as health psychology.19 The network theory holds that symptoms are mutually
interactive and reinforcing components of a network rather than clusters stemmed from underlying latent causes.8,9 To
investigate the complex patterns of symptom–symptom interactions, a novel and powerful methodological approach –
network analysis – has been developed. From a network analysis perspective, the network of psychological phenomena is
a graph consisting of nodes and edges. Nodes represent individual SI symptoms, and edges represent the relationships
between these nodes.19 The network analysis approach allows for identification of the central nodes which are more
likely to trigger other symptoms and play a major role in causing the onset of and maintaining a syndrome.8 Notably,
targeting central symptoms with biological or psychosocial interventions could lead to knock-on improvements in other
symptoms.20 For example, Cramer et al20 pointed out that insufficient sleep may lead to a lack of concentration via
fatigue; as fatigue leads to a loss of concentration, it may lead to worry, which may in turn cause insufficient sleep night,
thereby reinforcing fatigue. Based on the above loop, insufficient sleep may be a key symptom in its network. Therefore,
providing more time can ensure enough sleep, which may relieve fatigue and promote concentration. In addition, the
network analysis can be used to understand symptom–symptom interactions, which are potentially helpful in streamlining
interventions that are effective in treating individual symptoms.18,21–23

To the best of our knowledge, despite the increasing attention paid to SI over the past 20 years, few studies utilized
the network analysis to examine the important differences between symptoms and symptom-to-symptom relationships in
SI among the general population. Hence, we used network analysis in the present study to examine the relationships
between SI symptoms in the general population.

In addition, sex differences in SI symptomatology have been documented in previous studies;24,25 Illustratively,
a study found that 81% of females felt sleepiness after waking, while 70% of males reported sleepiness upon awakening
(p < 0.001).24 Another study suggested that females reported higher alertness after waking than males (Mann–Whitney
Z = 3.16, p < 0.001).25 In addition, females make up the majority in the health professions, while males are a larger
population in emergency services such as firefighters.3,26 Given the above differences on sex, therefore, the network
structure of SI across sex would be examined separately.

Materials and Methods
Participants and Procedure
A total of 1491 college students participated in this online survey. To be eligible, individuals were included based on the
following inclusion criteria: (1) being undergraduate students of the eleven universities; (2) having the ability to
understand Chinese and the content of the questionnaire; (3) completing the questionnaire with more than or equal to
144 seconds that refers to the reaction time of M-SD for all subjects to complete the questionnaire. Finally, 1240
individuals have indeed been included in the present study based on the aforementioned selection criteria, with 251
deemed ineligible as they did not meet all the inclusion criteria (effective rate: 83.17%).
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This cross-sectional study was conducted across eleven colleges and universities in China from May 30 to June 17,
2021, using the convenience sampling. Eleven universities are located in Nanjing (4 universities) and Suzhou (1
university), Jiangsu Province; Guangzhou (2 universities), Guangdong Province; Shangqiu (1 university), Henan
Province; Yichang (1 university), Hubei Province; Wenzhou (1 university), Zhejiang Province; and Qinhuangdao (1
university), Hebei Province. Detailed procedures were as follows: Firstly, advertisement that describes the purpose,
research process, and significance of this survey and online questionnaire was designed using the QuestionnaireStar
application; Then, the teachers of eleven colleges and universities distributed the advertisement and the Quick Response
code of online questionnaire to the students on May 30, 2021, via the WeChat platform. Next, the students in the target
universities were invited to participate in the online survey voluntarily from May 30 to June 17, 2021. All subjects were
assured of the confidentiality and anonymity of their data, and their rights to withdraw. Other details of the procedures
have been described in our previous study.27

This study protocol was carried out in accordance with the Helsinki Declaration as revised in 1989 and approved by
the human research ethics committee of South China Normal University. Electronic informed consent was obtained from
all participants or their guardians (if necessary).

Measurements
Demographic characteristics, including sex, age, college year, and name of school, were collected. SI symptoms were
assessed by the self-report the Chinese version of Sleep Inertia Questionnaire (SIQ).28 Each item of the SIQ is rated on
a 5-point Likert scale ranging from 1 (not at all) to 5 (all the time). The total scores ranged from 21 to 105, with a higher
score indicating more severe SI symptoms. The Cronbach alpha in this study was 0.95.

The Chinese version of SIQ was translated and validated for the first time after getting permission from the
corresponding author and the copyright holder,28 and it showed good reliability and validity. The paper on the reliability
and validity of the Chinese version of SIQ is under review, and more information about the formation of the Chinese
version of the SIQ could see our previous study.27

Statistical Analysis
All statistical analyses were performed in R version 4.1.1 (R Core Team, 2021; https://www.r-project.org/). Specifically,
the R-packages qgraph, networktools, and mgm were used to perform network estimation and network inference; the
R-packages boonet were used to estimate network accuracy and stability; and the R-packages NetworkComparisonTest
were used to conduct Network comparison. For more details see the following subsection. Statistical significance was
considered for a two-sided test with P < 0.05.

Network Estimation
We first inspected mean, standard deviation (SD), skewness, and kurtosis for all the SIQ items using R-package psych
(Version 2.1.9).29 Then, item informativeness was evaluated by mean of SD of all the item using the describe function in
R-package psych.29 Items should be excluded if they display low informativeness (2.5 SDs less than MSD).21,30 Next,
item redundancy was checked by the goldbricker function in the R-package networktools (Version 1.3.0).31 Items would
be considered as redundant if the polychoric correlations between two target variables were statistically different only in
<25% of the cases.21

The SI symptom network structure was estimated using functions of the Extended Bayesian Information Criterion
graphical least absolute shrinkage and selection operator (EBICglasso) and cor_auto in R-package qgraph (Version
1.6.9).32 In the network analysis, each SI symptom was defined as a “node”, and association among these symptoms was
depicted as an “edge” in the network. The SI networks were visualized based on the Fruchterman-Reingold algorithm in
R-package qgraph (Version 1.6.9).32,33 In the network layout, the thickness of edges indicated the strength of associations
among nodes. The edges of blue and orange represented positive and negative correlations, respectively.32 Nodes/
Symptoms that are stronger were preferentially depicted by larger circle.

Local network properties were estimated with four centrality indices and predictability. The centrality indices
including expected influence, node strength, closeness, and betweenness were computed using the centralityPlot
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function in the R-package qgraph (Version 1.6.9).34 Expected influence is defined as the summed weight of all edges
extending from a given node, also known as one-step expected influence.35 Expected influence could adequately
estimate the nature and strength of a node’s cumulative influence in the network with positive edges and negative
edges.35 Node strength, the sum of the absolute edge weights connected to a node (between a node and all other nodes),
is used to quantify how strongly a node is directly connected to other nodes in the network.34 Note strength was also
emphasized in networks with exclusively positive edges, as it is proportional to the extent to which a given node
uniquely explains variance in nodes to which it is connected.35 Closeness is defined as the inverse of the sum of all the
shortest path length (SPL) from one node to all other nodes in the network, which could quantify how well a node is
indirectly connected to other nodes in the network.34 Betweenness, quantifying how important a node is in the average
path between two other nodes, is calculated by the frequency of a node lying on all the shortest paths between other
nodes.34 The above centrality indices were shown as standardized z-scores. Additionally, predictability, which quantifies
how well a certain node is predicted by all its neighboring nodes, was estimated using R-package mgm (version
1.2-12).36,37

Network Accuracy and Stability
The accuracy and stability of the SI network were assessed following three steps in the R-package boonet (Version
1.4.3).38 First, the accuracy of edge-weights was estimated by bootstrapping the 95% Confidence Intervals (CIs) using
non-parametric bootstrap method (1000 iterations). The adoption of narrower CIs helped identify a more trustworthy
network, whilst the adoption of bootstrapping aimed to minimize the effect of unrepresentative sampling of data and thus
reducing random errors in analytic outputs. Second, the stability of node strength was assessed by computing the
correlation stability coefficient (CS-C) using case-dropping bootstrap procedure (1000 iterations). The CS-C values
represent the maximum proportion of cases that could be dropped from the sample without significantly affecting
centrality indices. With 95% certainty, a correlation of 0.7 or above was achieved between original centrality indices and
centrality of subset networks.38 As recommended previously,38 the CS-C should not be less than 0.25 and be preferably
above 0.5. Third, differences in network’s properties (ie, edge weights, node strengths) were assessed by bootstrapped
difference tests.38

Comparison of Network Characteristics Between Males and Females
The differences of network characteristics were estimated using the Network Comparison Test (NCT), a permutation
test that assesses the difference between two networks in R-package NetworkComparisonTest (Version 2.2.1).39 In the
current study, the NCT was conducted on subsamples defined by the sex (females vs males) with 1000 permutations
as recommended previously. First, we compared the absolute sum of all edge weights between the networks to assess
the global strength of the network. Next, the distributions of edge weights within each network were compared in
order to characterize the structure of the network. Finally, we compared the differences in strength for each edge
between the two networks after controlling for multiple tests (Holm–Bonferroni correction of p values, p<0.05).

Results
Sample Characteristics
A total of 1240 participants who fulfilled the study entry criteria were included in the present study. Among them, 565 is
males (45.6%). The demographic characteristics of participants are shown in Table 1.

Mean, standard deviation, skewness, and kurtosis for the SIQ items are summarized in Table 2. The symptom of
SIQ_15 (“Wish to sleep more”) had the highest mean rating, while the symptom of SIQ_4 (“Bump into and drop things”)
had the lowest mean rating.

Network Structure, Centrality and Predictability Measures Analysis
No item was poorly informative (2.5 SD below the mean level of informativeness, MSD=1.24±0.10). Two “bad pairs”
(SIQ_10 and SIQ_12: 21%; SIQ_17 and SIQ_18: 11%) had less than 25% of significantly different correlations. For
physiological and cognitive symptoms of SI in the context of Chinese can be better expressed by the items of SIQ_10
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(Get winded more easily) and SIQ_18 (React more slowly), respectively. Therefore, the items of SIQ_12 and SIQ_17
were excluded from the subsequent network analysis.

Figure 1 shows the network structure of the SI symptoms in the total sample. Several points are worth emphasizing.
First, in the SI symptoms network, 90 of the 171 edges were above zero, indicating positive associations; 13 of the 171
edges were below zero, suggesting negative associations. The weighted adjacency matrix was used to detest the
numerical interactions between SI symptoms (Supplementary Table 1). The SIQ_13 and SIQ_14 edge showed the
strongest connection (edge weight value = 0.70), followed by edges for SIQ_10 and SIQ_11 (edge weight value = 0.47),
and SIQ_18 and SIQ_19 (edge weight value = 0.43).

Second, centrality properties analysis showed that, SIQ_6 (“Feel sleepy”) had the highest expected influence
index, followed by SIQ_9 (“Groggy, fuzzy or hazy mind”), SIQ_14 (“Dread starting your day”), and SIQ_19 (“Make
more mistakes/errors”); SIQ_15 (“Wish to sleep more”) had the highest strength, followed by SIQ_14, SIQ_6, and

Table 1 Demographic Characteristics of the Current Sample (N=1240)

Variables n %

Sex

Male 565 45.6

Female 675 54.4

Age, years

≤18 200 16.1

19–20 653 52.7

21–22 248 20.0

≥23 139 11.2

Grade

Freshman 602 48.5

Sophomore 290 23.4

Junior and above 348 28.1

Sleep latency, minute

≤15 730 58.9

16~30 406 32.7

≥31 104 8.4

Sleep duration, hours

<6 387 31.2

6~7 552 44.5

>7 301 24.3

Mean SD

Duration of sleep inertia, minute 11.7 13.72

Times, days/week 2.8 2.16

SIQ total score 56.0 18.79

Abbreviations: SD, standard deviation; SIQ, Sleep Inertia Questionnaire.
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SIQ_18 (“React more slowly”); SIQ_15 had the highest closeness, followed by SIQ_6, SIQ_20 (“Can’t imagine being
able to wake up”), and SIQ_4 (“Bump into and drop things”); SIQ_15 had the highest betweenness, followed by
SIQ_6, SIQ_9, and SIQ_4. Figure 2 depicts centrality indices of expected influence index, node strength, between-
ness, and closeness (z-scores) for all the SI symptoms within the network. Because expected influence could better
represent observed node influence in network with positive and negative edges, and the SI symptoms network
consisted of positive and negative edges. Hence, we would give priority to expected influence in the subsequent
discussion.

Third, the predictability index found that, on average, 61% of each node’s variance could potentially be accounted for
by the neighboring nodes (Mpredictability = 0.61±0.12), while 39% of variance in each node was unexplained. SIQ_14
(“Dread starting your day”, predictability index = 73%), SIQ_18 (“React more slowly”, predictability index = 73%), and
SIQ_19 (“Make more mistakes/errors”, predictability index = 73%) had the highest predictability indexes within the
network, while SIQ_4 (“Bump into and drop things”, predictability index = 35%) was poorly explained by neighboring
symptoms, indicating potential extraneous influence (see Table 2).

Table 2 Mean, Standard Deviation, Skewness, and Kurtosis for the SIQ Items (N=1240)

Construct/Nodes Label Mean (SD) Skewness Kurtosis Predictability

Difficulty getting up SIQ_1 3.02(1.26) −0.05 −1.23 50%

Need an alarm to wake up SIQ_2 3.31(1.38) −0.41 −1.15 39%

Hit the snooze button on the alarm SIQ_3 2.79(1.43) 0.12 −1.40 41%

Bump into and drop things SIQ_4 1.8(1.05) 1.25 0.77 35%

Move more slowly SIQ_5 2.93(1.26) −0.14 −1.20 59%

Feel sleepy SIQ_6 3.24(1.25) −0.42 −0.96 67%

Heavy, sore, or itchy eyes SIQ_7 2.87(1.31) 0.01 −1.23 64%

Tired or heavy arms and/or legs SIQ_8 2.84(1.27) 0.03 −1.18 70%

Groggy, fuzzy or hazy mind SIQ_9 2.77(1.27) 0.12 −1.18 70%

Get winded more easily SIQ_10 1.99(1.08) 1.06 0.38 60%

Difficulty keeping balance SIQ_11 2.22(1.2) 0.74 −0.52 65%

Feel tense SIQ_12 2.05(1.09) 0.92 0.08 –

Anxious about the upcoming day SIQ_13 2.27(1.18) 0.65 −0.57 71%

Dread starting your day SIQ_14 2(1.09) 0.99 0.23 73%

Wish to sleep more SIQ_15 3.69(1.25) −0.85 −0.33 52%

Difficulty concentrating SIQ_16 2.68(1.26) 0.18 −1.11 67%

Think more slowly SIQ_17 2.85(1.27) −0.04 −1.21 –

React more slowly SIQ_18 2.81(1.28) 0.00 −1.24 73%

Make more mistakes/errors SIQ_19 2.6(1.22) 0.24 −1.04 73%

Cannot imagine being able to wake up SIQ_20 2.77(1.37) 0.16 −1.28 56%

Difficulty getting thoughts together SIQ_21 2.54(1.24) 0.35 −0.96 71%

Notes: (Missing): Items of SIQ_12 and SIQ_17 were excluded from the subsequent network analysis. Adapted from Kanady JC, Harvey AG. Development and validation of
the Sleep Inertia Questionnaire (SIQ) and assessment of sleep inertia in analogue and clinical depression. Cognitive Ther Res. 2015;39(5):601–612. Table 2 is copyright
protected and excluded from the open access licence.28

Abbreviations: SD, standard deviation; SIQ, Sleep Inertia Questionnaire.

https://doi.org/10.2147/NSS.S347419

DovePress

Nature and Science of Sleep 2022:14666

Ma et al Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Fourth, expected influence, strength, closeness, betweenness, and predictability were not related to variability (item
SD; rs=0.08[−0.39, 0.52]; rs=−0.45[−0.75, 0.01], rs=0.01[−0.44, 0.47], rs=−0.19[−0.59, 0.29], rs=−0.18[−0.58, 0.30],
respectively) or item mean (rs=0.01[−0.45, 0.46], rs=0.08[−0.39, 0.52], rs=0.31[−0.17, 0.67], rs=0.34[−0.13, 0.69], rs=
−0.14[−0.56, 0.34], respectively).

Network Accuracy and Stability
Supplementary Figure 1 presents accuracy of the edge weights in the current sample. Results found that the edge weights
were consistent with the bootstrapped sample, especially the connections with larger weights, indicating that the SI
network structure was reliable.

The values of strength, closeness, and betweenness remained stable even after dropping different proportions of the
sample were computed using the case-dropping bootstrap procedure (Figure 3). The CS-C for expected influence was
0.75, suggesting that 75% of the sample could be dropped while still maintaining a high correlation (r=0.7) with the
original centrality indices for the whole sample. Similarly, 67%, 67% and 44% of the sample could be dropped without
significantly affecting the values of strength, closeness and betweenness, respectively. Given the expected influence index
was robust and trustworthy in the current sample, we primarily focused on the interpretation of symptom expected
influence in the subsequent network analysis.

Figure 1 Network structure of the sleep inertia symptoms in the total sample (N= 1240). Blue lines indicate positive associations, and orange lines indicate negative
associations. The thickness of an edge represents the association strength, the size of a circle represents the node strength, and the area of red ring indicates the
predictability.
Note: SIQ questionnaires are adapted from Kanady JC, Harvey AG. Development and validation of the Sleep Inertia Questionnaire (SIQ) and assessment of sleep inertia in
analogue and clinical depression. Cognitive Ther Res. 2015;39(5):601–612. Table 2 is copyright protected and excluded from the open access licence.28
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Moreover, the bootstrapped difference tests suggested consistently that a large proportion of the comparisons among
edge weights were statistically significant (Supplementary Figure 2). Also, the node strength was statistically different
from one another in individual comparisons (Figure 4).

Comparison of Network Characteristics by Sex
Mean and standard deviation for SIQ items across sex are summarized in Supplementary Table 2. Figure 5 and
Supplementary Figure 3 present the estimated network models and network centrality indices for SI symptoms between
females (n=675) and males (n=565), respectively. There were no significant differences between males and females in
network global strength (females: 9.28 vs males: 9.30; S = 0.02, p=0.928), distribution of edge weights (M=0.17,
p=0.194), and individual edges weights (all p values >0.05 after Holm–Bonferroni correction, Supplementary Figure 4).

Discussion
To the best of our knowledge, this exploratory study is the first to characterize the network structure of SI symptoms
among the general population in China, which would help to deepen the symptom-to-symptom interplay from the
network perspective. The principal findings of this study are summarised below. Firstly, “Feel sleepy”, “Groggy, fuzzy or
hazy mind”, and “Dread starting your day” were the central symptoms in the SI symptom network structure, and the top
2 central symptoms were consistent with the previous results,1,40 demonstrating the external validity of the SI network.
Secord, “Dread starting your day” had the strongest and direct association with “Anxious about the upcoming day”.

Figure 2 Centrality indices of network structure of sleep inertia symptoms, shown as standardized values z-scores.
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Third, there were no significant gender differences in the network structures of SI symptoms. Notably, although the
general population would not necessarily need interventions to reduce SI, people who need to perform important tasks
soon after waking need to provide interventions to lessen the adverse impact of SI. To sum up, intervention for symptoms
of “Feel sleepy”, “Groggy, fuzzy or hazy mind”, and “Dread starting your day” might be crucial to hasten the dissipation
of SI for people who need to perform important tasks soon after waking.

“Feel sleepy” was the most central symptom within the network of SI symptoms, which is consistent with the previous
studies that SI subjectively manifests as feeling sleepy.1,13,16,40 Evidences suggested that SI is a residual drowsiness after
waking up, which tend to be accompanied by a high sleep propensity.40,41 The underlying electrophysiology mechanism
may be that increased sleepiness could promote a shift of cortical activity from a low-amplitude high-frequency to a high-
amplitude low-frequency, which could lead to a deactivated state to maintain sleep.42 However, sleepiness is often
accompanied by diminished attention and increased reaction times leading to reduced vigilance and impaired performance
during SI.43,44 Therefore, SI countermeasures, such as a single exposure to 30-min artificial dawn signal (50 lux) prior to the
alarm sounded,45 should be used to reduce the subjective sleepiness in the general population who may need to perform
tasks upon waking. Specifically, they may put on light 30 minutes prior to getting up by using a digital timing light.

Consistent with previous results that SI subjectively manifests as grogginess,1,13,16,40 “Groggy, fuzzy or hazy mind” is
top 2 central symptom that emerged in SI network. Symptoms of feeling “Groggy, fuzzy or hazy mind” are associated
with differences in characteristic changes in cerebral blood flow.46,47 Specifically, “groggy” is associated with global
brain deactivation. The possible reason of “fuzzy or hazy mind” may be that, for all brain regions function interdepen-
dently, cerebral blood flow was most rapidly re-established in centrencephalic regions and then in anterior cortical

Figure 3 Stability of centrality indices as assessed using the case-dropping bootstrap method. The x-axis represents the percentage of cases of the original sample used at
each step. The y-axis represents the average of correlations between the centrality indices from the original network and the centrality indices from the networks that were
re-estimated after excluding increasing percentages of cases. Each line indicates the correlations among betweenness, closeness, and strength, while areas indicate 95% CI.
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regions. Although “Groggy, fuzzy or hazy mind” is a typical somatic symptom upon awakening, it is still an
accompanying symptom of cognitive impairment upon waking in specific situations such as making important decisions
or implementing potentially dangerous tasks just minutes after waking.3 Recent study found that the disappearance of SI
was significantly associated with the decay in distal temperature (vasoconstriction),48 indicating that change in body
temperature would reduce the severity of “Groggy, fuzzy or hazy mind”. Therefore, strategies to cool the extremities (eg,
a cool water bottle at the feet) can help to evoke distal vasoconstriction, resulting in faster sleep inertia dissipation.4

Furthermore, “Dread starting your day” was also a central symptom in SI network, and had the strongest and direct
association with “Anxious about the upcoming day”. This finding is consistent with previous non-network-analysis
studies that found that the emergence of anxiety or irritability when individuals are instantly aroused from sleep.49.50.51

Additionally, individual with emotional problems often have associated sleep symptomatology, including difficulty with
awakening (mild SI), and confusion upon awakening (severe SI).1 Hence, the negative emotions, such as anxiety and
fear, should be targeted to refile the symptoms of “Dread starting your day” and “Anxious about the upcoming day”.
Recently, a study found that the presence of the artificial dawn prior to waking can significantly improve individuals’
mood,45 suggesting that an intervention of the artificial dawn should be performed.

The current findings revealed that there was no significant gender difference in the network structures of SI
symptoms, which could serve as the first evidence from network analyses that support the notion that there is no
significant gender difference in SI prevalence.7 However, two studies from Adan & Natale and Amaral et al reported

Figure 4 Estimation of node strength difference by bootstrapped difference test. Bootstrapped difference tests between node strength of factors. Gray boxes indicate nodes
that do not significantly differ from one-another. Black boxes represent nodes that differ significantly from one another (α = 0.05). White boxes show the values of node
strength.
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contradicting findings.24,25 Specifically, Amaral et al found that a majority of females referred waking up tired (females:
males = 80.8%: 70.1%; p < 0.001);24 Adan & Natale based on an item of alertness found that alertness after waking up
for males was significantly lower than that for females (Mmales: Mfemales = 2.43: 2.56, p<0.001).25 The inconsistent results
between our findings and those of abovementioned studies could be explained by several reasons. First, previous studies
on epidemiology features of SI were based on single item,25 which would inevitably limit the ability to detect the
important differences between individual symptoms and the relationships among symptoms. In contrast, the network
approach assesses interactions between individual symptoms.9 Second, the possible explanation is that the sex differences
in network analysis may be partly masked by the impact of neurophysiological mechanism. To the best of our knowledge,
previous studies have pointed out that SI is not merely a subjective experience, but it is closely linked with differences in
distinct EEG frequency bands and characteristic changes in cerebral blood flow.46,47

A strength of this study is that it captured the idiosyncratic experience of SI to understand symptom-to-symptom relationships
from network perspective. Moreover, the large sample size and the homogenous study sample contributed to accuracy, stability,
and robustness of the network estimates. Despite these possible applied implications, several limitations of this study needed to be
addressed. First, this is a cross-sectional study; therefore, the causality relationships and the dynamic changes between SI
symptoms over time cannot be estimated. Second, since this study was conducted in a college students’ sample, the findings may
not be generalized to special populations such as adolescents, the elderly, and patients with idiopathic hypersomnia. Third, to
ensure the feasibility and effectiveness of online survey, we have intentionally designed the smallest number of items possible to
address our key questions, which only include part of demographic information such as age group, gender, and grade. The present
studymay be limited the ability to bemore detailed in the sample’s sociodemographic characteristics. Future studies are suggested
to collect more precise demographic information such as age and cities of the participants. Fourth, the estimated networks only
included SI symptoms, which lacked data from additional validated scales for measuring other aspects of importance, might bias

Figure 5 Estimated network models for sleep inertia symptoms between females and males. Left panel: network structure in females (n = 675); right panel: network
structure in males (n = 565).
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estimates of network parameters. Finally, SI symptoms were assessed by self-reported SIQ rather than a clinical interview;
therefore, atypical features and objective symptoms of SI could not be identified and captured, which may bias the results to an
uncertain extent.

Conclusion
In conclusion, this network analysis revealed that “Feel sleepy”, “Groggy, fuzzy or hazy mind”, and “Dread starting
your day” were the most central symptoms of SI within the current network. As such, three central symptoms may
constitute the “backbone” that sustained the SI symptom structure in the general population. Timely, multilevel
interventions, such as the artificial dawn and change in body temperature,45,48 targeting central symptoms may help to
alleviate SI symptoms in the general population who may need to perform tasks upon waking.
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