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Objective: This study aims to examine the relationship between habitual nighttime sleep duration and anxiety symptoms in
preschoolers, and to identify a potential sleep-health threshold for mental health promotion.

Methods: This cross-sectional study included 1589 participants from two public kindergartens. Parents reported habitual nighttime
sleep duration using the Children’s Sleep Habits Questionnaire (CSHQ) and anxiety symptoms using the Preschool Anxiety Scale
(PAS). Initial non-parametric tests were supplemented with linear mixed-effects models (LMM) incorporating for fixed effects for
sleep duration and covariates, with family cluster as random intercepts.

Results: Among the participants, the mean age was 4.58 = 0.86 years, and 52.2% were male. Initial nonparametric analysis revealed
significant overall differences in anxiety symptoms (PAS: H=8.503, P=0.014) and generalized anxiety (GAD: H=7.427, P=0.024)
across nighttime sleep duration groups. Adjusted LMM showed preschoolers with <9 hours of nighttime sleep had significantly higher
PAS total scores (f=3.13, 95% CI: 1.01~5.25, P=0.004) and elevated scores across multiple anxiety subdomains (physical injury fears,
social phobia, and obsessive-compulsive symptoms; all P<0.05) compared to >10h sleepers. Although the overall GAD model was
nonsignificant (P=0.056), these children showed elevated GAD subscale scores (£=0.60, 95% CI: 0.14~1.07, P=0.011) aligns with
prior evidence. Sensitivity analyses using alternative nighttime sleep duration thresholds (8.5h, 9.5h) and weekday-specific data
confirmed the robustness of these findings.

Conclusion: Our data suggests that nighttime sleep duration of 9 hours is an approximate sleep-health indicator for preschool aged
children. These findings reinforce the importance of prioritizing healthy sleep habits as part of early childhood wellness initiatives,
including age-appropriate nighttime sleep duration.
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Introduction

Anxiety disorder represents one of the most common mental health conditions in children and adolescents, characterized
by excessive fear and anxiety or avoidance of perceived threats that are persistent and impairing.' Notably, epidemio-
logical data from the American Academy of Child and Adolescent Psychiatry (AACAP) indicated a global point
prevalence of approximately 7% in pediatric populations,” with half of cases emerging before age 6.** According to
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the Global Burden of Disease Study, the disability weight of anxiety disorder is about 0.523, higher than the other mental
disorders.” Given their early onset and high disability burden, identifying modifiable targets like sleep duration is critical.

Existing research consistently identifies insufficient sleep duration as a key risk factor for childhood anxiety.®™
Mechanistically, experimental studies suggest that insufficient sleep disrupts emotional regulation through heightened
amygdala reactivity,” dysregulated hypothalamic-pituitary-adrenal (HPA) axis activity,'” as well as delayed prefrontal
cortex maturation.'' Critically, nighttime sleep (particularly slow-wave sleep, SWS) is thought to facilitate synaptic
pruning in the amygdala-prefrontal circuit, a process essential for emotion regulation.'? This neurobiological specificity
suggests that nighttime sleep duration, independent of total sleep, may be more closely associated with emotion
regulation capacities. International sleep studies demonstrated striking cultural variations in preschool sleep
patterns.'*'* Children in Pacific-Asian regions typically go to bed 2—3 hours later and obtain less nighttime sleep than
Western counterparts, yet maintain similar total daily sleep duration through extended daytime naps. In China, this
pattern is particularly pronounced due to mandatory kindergarten napping policies and prevalent bed-sharing practices,
resulting in nighttime sleep durations of only 8.5-10.5 hours (vs. 10-12 hours in Western children).'? These findings are
concerning because daytime naps may not fully make up for lost nighttime sleep, especially SWS, which is vital for brain
development. Current Western sleep recommendations inadequately address cultural variations in sleep patterns, espe-
cially the limited evidence specific to nighttime sleep in East Asian preschool populations. This gap highlights an urgent
need for population-specific sleep research to develop appropriate guidelines and protect neurodevelopmental outcomes.

Therefore, this study examines the relationship between habitual nighttime sleep duration and anxiety symptoms in
Chinese preschoolers, with particular attention to identifying a potential sleep-health threshold for mental health
promotion. Based on the WHO sleep guidelines, we categorized nighttime sleep duration into three groups (<9h,
9~10h, >10h) to isolate its independent association. We hypothesized that children sleeping <9 hours nightly will exhibit
significantly higher anxiety symptoms than those sleeping >10 hours, independent of daytime napping.

Methods

Sample Size Estimation

The required sample size was calculated using the formula for cross-sectional studies with continuous outcomes:'
n=U21_a/2XS2/d2, where Uj_,»=1.96 (corresponding to a 95% confidence level with ¢=0.05), the standard deviation
(5=6.9) was estimated based on continuous CSHQ total scores from reference,'® with the allowable error (d) set at
0.4. Considering a 15% rate of invalid questionnaires and the stability of statistical analysis, the final sample size should
be greater than 1314 participants.

Participants

A cross-sectional study was conducted from April to June 2024 in two public kindergartens in Minhang District,
Shanghai, China. Parents or legal guardians of eligible children received written study information and provided
electronic informed consent before participation. Those who consented completed the questionnaires. To prevent
coercion, kindergarten staff were blinded to individual participation status, as all electronic consent forms and ques-
tionnaires were managed exclusively by the research team. Eligible participants met the following criteria: 1) aged 3—-6
years old; 2) attended the selected kindergartens; 3) had parents or legal guardians who were willing to participate. This
age range was selected because preschool children exhibit heightened developmental sensitivity to sleep disturbances,
with sleep loss linked to impaired cognitive performance.'”'® Children were excluded if they had major physical or
mental disorders (such as inherited neuromuscular disorders, autism spectrum disorder and schizophrenia).

Measures

Nighttime Sleep Duration

Nighttime sleep duration was derived from the CSHQ,'® which has demonstrated acceptable validity for estimating
nighttime sleep patterns in preschool-aged children within epidemiological studies.’® % Specifically, sleep onset times
(for both weekdays and weekends) and wake-up times (for both weekdays and weekends) were used to calculate
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nighttime sleep duration. The average nighttime sleep duration was computed as (weekday nighttime sleep durationx5 +
weekend nighttime sleep durationx2)/7. However, as a parent-reported tool, it may overestimate sleep duration compared
to actigraphy or polysomnography (PSG) due to reporting biases. While actigraphy and PSG provides more precise sleep
architecture data, the CSHQ remains a practical choice for large-scale epidemiological studies like ours, balancing
feasibility and reasonable accuracy. Furthermore, although the total sleep duration (including naps) is conventionally
emphasized, our focus on nighttime sleep aligns with the neurobiological evidence introduced previously and accounts
for cultural context. Based on the American Academy of Sleep Medicine(AASM) recommendation of 10-13 hours of
total daily sleep for preschoolers,* and given that nighttime sleep comprises the majority of total sleep in this age group,
we categorized the average nighttime sleep duration into three groups: >10 hours (reference group, likely sufficient for
total sleep needs when combined with typical naps), 9-10 hours (potentially marginal for meeting total sleep recom-
mendations), and <9 hours (high risk for insufficient total sleep).

Anxiety Symptoms

Anxiety symptoms were assessed using the PAS,** a validated 28-item parent-report questionnaire specifically designed
to evaluate anxiety symptoms in preschool-aged children. The PAS is a 5-point Likert scale (0—4) with five subscales:
Separation Anxiety Disorder (SAD), Physical Injury Fears (PIF), Social Phobia (SP), Obsessive-Compulsive Disorder
(OCD) and Generalized Anxiety Disorder (GAD). Higher scores indicate greater symptom severity on a continuous
spectrum. While a cutoff score of > 48 suggests elevated anxiety symptoms, the PAS does not provide a clinical diagnosis
of anxiety disorders. The Chinese version of PAS has demonstrated good reliability and validity.*’

Data Collection

We used online surveys as methodology to collect demographic and questionnaire data via the WeChat network.
Demographic data including age, sex, the only-child status, main caregiver, parental education level, and parental
occupation were collected by self-administered questionnaire.

Quality Control

To ensure data integrity, a rigorous quality control protocol was implemented: 1) developing survey guidelines before the
investigation. 2) the question types consisting of multiple-choice questions and fill-in-the-blank questions, where multi-
ple-choice questions were set as mandatory responses and examples were provided for fill-in-the-blank questions. 3) for
questionnaires with unclear fill-in responses, kindergarten teachers would contact parents to verify and re-complete the
information. Questionnaires that do not receive a response for follow-up would be considered as incomplete information.

Statistical Analysis

STATA (Version 18.0, Stata Corp L.P.) was used for statistical analysis. Descriptive statistics were performed in total and
by group. The characteristics of the study participants are presented as the means (SDs) for normally distributed
variables, medians (IQRs) for skewed variables and frequencies with percentages for categorical variables. We first
employed Kruskal-Wallis tests to provide initial screening of anxiety symptom differences across nighttime sleep
duration groups. Given evidence that parental education and occupation jointly shape preschoolers’ sleep patterns
through shared socioeconomic contexts,”® we accounted for family-level socioeconomic context by treating multiplica-
tively derived family clusters (parental educationxoccupation) as random intercepts in linear mixed-effects models
(LMM), with fixed effects specified for nighttime sleep duration (categorical, using the >10h group as reference).
Model assumptions were checked through residual diagnostics. No substantial violations were observed. Potential
confounders, including age (z-score), gender, the only-child status, and main caregiver, were incorporated as covariates
in the LMM. This approach (1) aligns with developmental theory by modeling socioeconomic status as a latent family-
level construct, (2) avoids overfitting from conventional fixed-effects categories, and (3) addresses non-independence
while maintaining statistical efficiency. LMMs were used to examine the statistical association between nighttime sleep
duration and anxiety outcomes. To further characterize these differences and systematically evaluate sleep-anxiety
associations while controlling for Type II error, we applied LMMs to all anxiety outcomes (PAS total, SAD, PIF, SP,
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OCD, GAD). Given the cross-sectional design of this study, all analyses were exploratory and aimed at identifying
associations between nighttime sleep duration and psychological outcomes. Based on the American Academy of Sleep
Medicine guidelines, we categorized nighttime sleep duration into three groups: <9h, 9—10h, and >10h. To evaluate the
robustness of the predefined thresholds, we conducted two complementary sensitivity analyses: (1) testing alternative
thresholds (8.5h and 9.5h) to assess threshold dependency, and (2) restricting analyses to weekday-only nighttime sleep
(excluding weekends) to verify consistency in structured settings. P values were based on two-sided tests and were
considered significant at <0.05.

Ethic Approval
The study was conducted according to the guidelines of the Declaration of Helsinki and approved by the institutional
ethics committee of Minhang Hospital, Fudan University (2024-019-01K).

Results

Sample Demographic Characteristics

In total, 1633 (91.4%) CSHQ and PAS from 2 kindergartens were collected. A total of 44 (2.7%) questionnaires were not
included in the final analysis due to incomplete information. Finally, 1589 questionnaires were included for further
analysis. The mean age of the participants was 4.58+0.86 years, and 52.2% were male. Parents reported an average
nighttime sleep duration of 9.37+0.56 hours, and the mean CSHQ total score was 47.10+6.08. Table 1 summarizes the
demographic characteristics of the sample, while Supplementary Table S1 provides detailed scores for all eight CSHQ

subscales. The prevalence of significant anxiety symptoms among preschoolers was 2.14%.

Table 1 Basic Characteristics of Participants

Variables Total Duration<9h | 9<duration<10h | Duration>10h
n=1589 n=423 n=976 n=190
Age(years) * 4.58 (0.86) 4.68 (0.86) 4.57 (0.85) 4.44 (0.85)
The only child (yes, %) 778 (48.96) 215 (50.83) 479 (49.08) 84 (44.21)
Main caregiver (n, %)
Parent 1,066 (67.09) 281 (66.43) 657 (67.32) 128 (67.37)
Grandparent 499 (31.40) 135 31.91) 305 (31.25) 59 (31.05)
Other 24 (1.51) 7 (1.65) 14 (1.43) 3 (1.58)
Maternal education (n, %)
Middle school or below 22 (1.38) 4 (0.95) 13 (1.33) 5(2.63)
Associate degree 285 (17.94) 72 (17.02) 178 (18.24) 35 (18.42)
Bachelor’s degree 923 (58.09) 239 (56.50) 559 (57.27) 125 (65.79)
Master’s degree or above 359 (22.59) 108 (25.53) 226 (23.16) 25 (13.16)
Paternal education (n, %)
Middle school or below 16 (1.01) 2 (0.47) 10 (1.02) 4 (2.11)
Associate degree 228 (14.35) 64 (15.13) 134 (13.73) 30 (15.79)
Bachelor’s degree 906 (57.02) 242 (57.21) 545 (55.84) 119 (62.63)
Master’s degree or above 439 (27.63) 115 (27.19) 287 (29.41) 37 (19.47)
Maternal occupation (n, %)
Tech worker 577 (36.31) 168 (39.72) 355 (36.37) 54 (28.42)
Civil servant 233 (14.66) 66 (15.60) 136 (13.93) 31 (16.32)
Free lancer 162 (10.20) 43 (10.17) 93 (9.53) 26 (13.68)
Other 617 (38.83) 146 (34.52) 392 (40.16) 79 (41.58)
(Continued)
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Table | (Continued).

Variables Total Duration<9h | 9<duration<l10h | Duration>10h
n=1589 n=423 n=976 n=190
Paternal occupation (n, %)
Tech worker 728 (45.81) 203 (47.99) 454 (46.52) 71 (37.37)
Civil servant 143 (9.00) 37 (8.75) 83 (8.50) 23 (12.11)
Free lancer 229 (14.41) 65 (15.37) 135 (13.83) 29 (15.26)
Other 489 (30.77) 118 (27.90) 304 (31.15) 67 (35.26)
Average nighttime sleep duration® 9.37 (0.56) 8.71 (0.29) 9.47 (0.28) 10.35 (0.31)
Weekday nighttime sleep duration* 9.29 (0.59) 8.66 (0.34) 9.38 (0.35) 10.28 (0.38)
Weekend nighttime sleep duration* | 9.58 (0.74) 8.85 (0.52) 9.71 (0.55) 10.52 (0.50)
CSHQ total scores* 47.10 (6.08) 48.34 (6.43) 46.88 (5.92) 45.47 (5.61)

Notes: *values are mean (standard deviation).
Abbreviation: CSHQ, Children’s Sleep Habits Questionnaire.

Association Between Nighttime Sleep Duration and Anxiety Symptoms

Initial Kruskal-Wallis analysis showed significant overall differences in both PAS total score (H=8.503, P=0.014) and
GAD score (H=7.427, P=0.024) across the three nighttime sleep duration groups, while other subscales (SAD, PIF, SP,
OCD) showed non-significant trends (all P>0.05) (Table 2). Building on these findings and controlling for potential
Type II error as specified in our analytical plan, LMMs adjusted for age (z-score), gender, only-child status, and
primary caregiver revealed significant statistical association. Preschool aged children with nighttime sleep duration
<9h had significantly higher anxiety scores across multiple domains compared to those sleeping >10 hours nightly.
Specifically, PAS total scores were on average 3.13 points higher (#=3.13, 95% CI: 1.01~5.25, P=0.004,
Cohen’s d=0.25). Similar effects were observed across several subscales, including physical injury fears (PIF subscale
scores, =0.79, 95% CI: 0.12~1.46, P=0.021, Cohen’s d=0.19), social phobia (SP subscale scores, f=0.71, 95% CI:
0.09~1.33, P=0.024, Cohen’s d=0.19), obsessive-compulsive symptoms (OCD subscale scores, =0.49, 95% CI:
0.14~0.84, P=0.006, Cohen’s d=0.20). Notably, while the overall model for GAD was not statistically significant
(Wald X2=29.65, P=0.056), these children showed elevated GAD subscale scores (=0.60, 95% CI. 0.14~1.07,
P=0.011, Cohen’s d=0.22) aligns with prior evidence. The relatively narrow confidence intervals for most outcomes
indicate reasonable precision of the estimates. However, no significant association was observed for separation anxiety
(SAD subscale scores, =0.54, 95% CI: —0.02~1.09, P=0.058) (Table 3). Model diagnostics showed that the mean of
the residuals was essential to zero (—6.98e-10, #-test P=1.000), indicating no systematic bias in the model. The

Q-Q plot revealed a minor deviation from normality (Supplementary Figure S1) and residual-versus-fitted plots

indicated limited heteroscedasticity (Supplementary Figure S2), which is common in psychometric data and unlikely

to affect the validity of the estimates given the large sample size. While parental education levels as covariables

Table 2 Comparison of Nighttime Sleep Duration and Anxiety Symptoms®

Variables Total Duration<9h | 9<duration<lOh | Duration>10h | H p°
n=1,589 n=423 n=976 n=190

PAS total score | 19(10, 29) | 20(11, 31) 19(10, 29) 17(9, 26) 8.503 | 0.014
SAD 4(2, 6) 4(2, 6) 4(2, 6) 3(1, 5) 4.665 | 0.097
PIF 6(3,9) 6(3, 10) 6(3,9) 5(2, 8) 4.460 | 0.108
SP 4(1,7) 5(2,7) 4(1,7) 3(1, 6) 5.922 | 0.052
OCD 2(0, 4) 2(0, 4) 2(0, 4) 2(0, 3) 4340 | 0.114
GAD 3(1, 5) 3(1, 5) 3(1, 5) 2(0, 4) 7.427 | 0.024

Notes: *Values are median (p25, p75); ®Performed by Kruskal-Wallis equality-of-populations rank test.
Abbreviations: PAS, preschool anxiety scale; SAD, separation anxiety disorder; PIF, physical injury fears; SP, social phobia;

OCD, obsessive-compulsive disorder; GAD, generalized anxiety disorder.
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Table 3 LMM Analysis of Nighttime Sleep Duration on Anxiety Symptoms

PAS scores p Univariate Analysis p Multivariate Analysis*

95% CI z P 95% CI z P

PAS total score

Duration>10h (n=190) Reference group Reference group

9<duration<|0h (n=976) | 1.55 | —0.24,3.34 | 1.70 | 0.089 | 1.53 | —0.35, 3.41 1.59 | 0.111

Duration<%h (n=423) 3.14 | 1.09, 5.19 3.00 | 0.003 | 3.13 | 1.01,525 2.90 | 0.004
SAD
Duration>10h (n=190) Reference group Reference group

9<duration<|0h (n=976) | 0.29 | —0.20,0.79 | I.16 | 0.248 | 0.32 | -0.20,0.83 | .21 | 0.225

Durations%h (n=423) 0.49 | —0.04, 1.03 | 1.80 | 0.072 | 0.54 | —0.20, 1.09 | 1.90 | 0.058
PIF
Duration>10h (n=190) Reference group Reference group

9<duration<|0h (n=976) | 0.32 | —0.20, 0.84 | 1.21 | 0.226 | 0.31 | —0.24,0.85 | I.I10 | 0.272
Durations%h (n=423) 0.81 | 0.19, 1.42 257 | 0.010 | 0.79 | 0.12, .46 2.30 | 0.021

SP

Duration>10h (n=190) Reference group Reference group

9<duration<10h (n=976) | 0.34 | —0.19,0.88 | 1.26 | 0.207 | 0.29 | —0.27,0.85 | 1.03 | 0.305

Durations%h (n=423) 0.77 | 0.16, 1.39 247 | 0014 | 0.71 | 0.09, 1.33 225 | 0.024
OCD

Duration>10h (n=190) Reference group Reference group

9<duration<10h (n=976) | 0.23 | —-0.13,0.59 | 1.23 | 0219 | 025 | —0.11,0.61 | .35 | 0.176

Durations%h (n=423) 047 | 0.12, 0.81 2.61 | 0.009 | 0.49 | 0.14,0.84 2.75 | 0.006
GAD

Duration>10h (n=190) Reference group Reference group

9<duration<10h (n=976) | 0.37 | —0.01, 0.74 | 1.90 | 0.058 | 0.37 | —0.01,0.74 | 1.90 | 0.058
Durations%h (n=423) 0.60 | 0.13, 1.08 251 | 0.012 | 0.60 | 0.14, 1.07 253 | 0.011%

Notes: *Adjusted for age (z-score), gender, the only-child status and main caregiver. "Model P=0.056; coefficient p-values
reported in main table.

Abbreviations: LMM, liner mixed-effects model; PAS, preschool anxiety scale; SAD, separation anxiety disorder; PIF, physical
injury fears; SP, social phobia; OCD, obsessive-compulsive disorder; GAD, generalized anxiety disorder.

exhibited expected collinearity (Supplementary Table S6), this was accounted for in the model and did not alter our

key findings.

Consistent with our primary analysis, sensitivity analyses using alternative thresholds (8.5h and 9.5h) did not reveal
significant association between nighttime sleep duration and mental health outcomes (all P>0.05; see Supplementary
Table S2 and S3).

Weekday-Specific Analysis Validates the 9-Hour Threshold in Preschoolers

To address potential confounding by weekend sleep variability, we conducted a dedicated analysis using weekday-only
nighttime sleep duration data. The <9-hour threshold remained robustly associated with higher anxiety symptoms, with
effect sizes nearly identical to the primary analysis (see Supplementary Table S4 and S5).
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Discussion

In the study, 2.14% of the participants were tested positive for significant anxiety symptoms, highlighting the importance
of mental health surveillance in this age group. Our data showed a significant negative correlation between nighttime
sleep duration and anxiety symptoms. Specifically, average nighttime sleep duration <9 hours was significantly associated
with higher levels of anxiety symptoms, physical injury fears, social phobia, and obsessive-compulsive symptoms
compared to those sleeping >10 hours nightly. Our findings suggest that 9 hours of nighttime sleep may be a critical
threshold for mental health risks in preschool-aged children, while alternative thresholds (8.5h and 9.5h) did not reach
statistical significance (all P>0.05).

The observed prevalence of positive anxiety symptoms (2.14%) was lower than expected based on prior studies in
Chinese preschoolers, such as 9.1% in Anhui’ and 3.15% in Shenzhen,?” though comparable to Norwegian rates.*® This
discrepancy likely reflects urban-specific reporting biases. Shanghai parents may underreport due to higher mental health
literacy interpreting behaviors as normative, stigma concerns in competitive educational environments, and earlier
identification through comprehensive child services.”” While methodological consistency strengthens comparability,
these findings highlight the need for regionally adjusted interpretations of parent-reported anxiety in China’s socio-
economically diverse contexts.

Consistent with previous research, insufficient nighttime sleep may elevate anxiety risk in early childhood through
muti-level neurobiological mechanisms.’*>? At the molecular level, sleep restriction during critical developmental

windows impairs GABAergic inhibition in the amygdala,>*

reducing inhibitory tone and promoting hyperreactivity
to threat stimuli. At the circuit level, human neuroimaging studies further suggest that reduced slow-wave sleep (SWS)
compromises prefrontal cortex maturation,”® diminishing top-down emotional regulation capacity.’” Functionally, these
alterations disrupt emotional processing, with sleep deprivation disproportionately affecting positive emotional
responses,”® potentially biasing affective systems toward threat detection. Systemically, insufficient sleep further dysre-
gulates neurotransmitter activity,”> HPA axis function,*® and inflammatory pathways,*' creating a permissive environ-
ment for anxiety development. Our findings align with this framework, showing a small but consistent association
between shorter nighttime sleep duration and elevated anxiety symptoms (Cohen’s ¢=0.22—0.25). While this association
persisted after adjusting for key covariates, future longitudinal studies should explore whether optimizing sleep duration
could mitigate anxiety symptoms, particularly in children with familial or environmental risk factors (eg., parental
stress,*? irregular bedtime routines'?).

Since 2012, Standards for Health Care Work in Nurseries and Kindergartens issued by the National health
commission of China have mandated a compulsory 2-2.5 h napping policy in kindergartens.*> Theoretically, if daytime
napping meets the recommended 2-2.5 hours, nighttime sleep duration of >7.5 hours should be sufficient to achieve the
total daily sleep requirement (10—13h). However, our findings challenge this assumption, revealing that nighttime sleep
duration exhibits an independent association with anxiety risk even in weekday analyses despite compulsory napping.
This paradox may stem from circadian misalignment. Delayed bedtimes combined with early kindergarten wake times

may lead to chronic sleep deprivation,***

even with daytime napping. Actigraphy studies support this, showing that
children with disrupted nighttime sleep have higher cortisol levels.***” While US data associate >10 h nighttime sleep
with optimal socioemotional outcomes,*® and Japanese adolescents show gender-specific thresholds,*’ our study iden-
tifies more than 9h nighttime sleep duration is associated with lower anxiety symptoms in Chinese preschoolers. This
variation likely reflects cultural modulation of sleep architecture. East Asian children exhibit higher prevalence of co-
sleeping, and parental sleep scheduling practices that may alter sleep stage distribution.’® Notably, the persistence of our
findings in weekday analyses suggests that compulsory napping cannot fully compensate for insufficient nighttime
sleep’s impact on emotional regulation networks. Although some studies suggest a U-shaped relationship between
nighttime sleep duration and anxiety risk (with both insufficient and excessive sleep associated with increased
anxiety),”' the current study could not examine the upper threshold due to limited sample size. Future studies with
larger cohorts are warranted to validate these findings.

Several limitations may be noted in the current study. First, this was an exploratory analysis using cross-sectional
data, which precludes causal inferences about the relationship between nighttime sleep duration and anxiety symptoms.

Nature and Science of Sleep 2026:18 heeps: 7



@ Zhang et al

And unmeasured confounders (eg., genetic predisposition, sleep environment) may contribute to the observed associa-
tion. Second, although we observed higher anxiety symptoms in children with <9h of nighttime sleep compared to >10h,
our categorical analysis does not establish a strict dose-response relationship or define an upper threshold for nighttime
sleep duration. Future studies with finer sleep duration categories or modeling sleep as a continuous exposure are needed
to explore potential non-linear associations. Third, while the CSHQ is a cost-effective tool for large-scale studies, it lacks
the precision of objective measures such as polysomnography (PSG) or actigraphy. Although parental reports included
detailed sleep parameters (eg., bedtime, sleep onset time, wake-up time, and get-up time for weekdays and weekends),
the derived nighttime sleep duration remains an estimate. Future studies should prioritize objective measures, particularly
portable and non-invasive sleep monitoring.> Fourth, our focus on average nighttime sleep duration overlooks poten-
tially critical variations between weekday and weekend sleep patterns. Fifth, the Shanghai-based sampling limits cultural
extrapolation to populations with distinct socioeconomic contexts and ethnic sleep practices. Multicenter studies
spanning diverse regions are warranted to enhance external validity.

In summary, our data suggests that nighttime sleep duration of 9 hours is an approximate sleep-health indicator for
preschool aged children, based on cross-sectional analyses. These findings reinforce the importance of prioritizing
healthy sleep habits as part of early childhood wellness initiatives, including age-appropriate nighttime sleep duration.
Future research should explore whether sleep health promotion programs, particularly in high-risk populations, could
enhance emotional resilience alongside broader developmental benefits.
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