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Abstract

Study Objectives: Poor sleep and daytime sleepiness in children and adolescents have short- and long-term consequences on various aspects
of health. Midday napping may be a useful strategy to reduce such negative impacts. The effect of habitual napping on a wide spectrum of
cognitive, behavioral, psychological, and metabolic outcomes has not been systematically investigated.

Methods: This study characterized midday napping habits in 3819 elementary school children from the China Jintan Cohort Study. In 2011,
weekly nap frequency and average duration were collected once from students at grades 4-6. Prior to their completion of elementary school at
grade 6 (in 2011-2013 respective to each grade), the following outcomes were collected once: behavioral and academic achievement evaluated
by teachers, and self-reported positive psychology measures including grit, self-control, and happiness. IQ tests were conducted on a subgroup.
Metabolic indices, including body mass index and fasting glucose concentration, were measured through physical exams. For the whole sample,
we assessed associations between napping and each outcome, adjusted for sex, grade, school location, parental education, and time in bed at
night. We also conducted stratified analyses on grade 6 (cross-sectional), grade 4 (2-year gap), and grade 5 (1-year gap) data.

Results: Overall, napping was significantly associated with higher happiness, grit, and self-control, reduced internalizing behavior problem,
higher verbal IQs, and better academic achievement, although specific patterns varied across frequency and duration for different outcomes.
More limited significant associations were found for decreased externalizing behavior problems, compared to non-nappers, while no significant
associations were found for performance IQ and metabolic outcomes.

Conclusions: Results indicate benefits of regular napping across a wide range of adolescent outcomes, including better cognition, better
psychological wellness, and reduced emotional/behavioral problems. The current study underscores the need for further large-scale
intervention studies to establish causal effects.

Statement of Significance

This study on a community sample of school children shows that overall habitual nappers had better academic achievement, greater hap-
piness, grit, and self-control, and reduced internalizing behavioral problems. This study highlights the potential benefits of habitual midday
napping on a variety of outcomes for school children. Given that sleep deprivation and daytime sleepiness are important public health
concerns, this study may help inform future interventional studies that target adolescent sleepiness.
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Introduction

Sleep insufficiency is an important public health concern, espe-
cially in children and adolescents [1]. Around the world, as many
as one-third of all children experience sleep difficulties [2-4], and
approximately 15%-20% of children report excessive daytime
sleepiness [2, 5]. In adolescents, rates appear to be similar, if not
higher [6-8]. Sleepiness can be detrimental to both development
and functioning, including cognition and school performance
[9], mood, behavior [10, 11], physical health, and quality of life
[2, 12, 13]. Furthermore, excessive daytime sleepiness in chil-
dren has been linked to lower cognitive abilities [14], including
impaired receptive vocabulary, nonverbal learning, and overall
academic performance [15]. It has also been associated with in-
creased emotional and behavioral problems, and even later adult
crime [16]. In the long-term, insufficient sleep has been linked
to various public health consequences [17], including increased
economic spending, reduced work performance, increased risk
for many diseases, accidents, and deaths, and impaired quality
of life [17-20].

Napping may help reduce sleepiness [21], recover fatigue, and
improve alertness [22-24] and has also recently been considered
as a health intervention to offset the negative consequences of
sleep deprivation [20, 25]. In an early influential laboratory study,
Dinges et al. [26] found that a single nap helped prevent sleepi-
ness after prolonged sleep loss. Since then a growing body of re-
search has demonstrated that napping is associated with positive
outcomes in numerous areas of functioning. These include intel-
lectual performance (e.g., memory and learning) [27, 28], behavior
(e.g., self-regulation and attention), and emotion (e.g., mood and
affect) [29]. More recently, a study by Saletin et al. [21] showed
that daytime naps in adults provide short-term attenuation of
sleepiness caused by sleep restriction. Despite these encouraging
findings, the literature on the developmental effects of napping
is limited, with only a few laboratory-based experiments exam-
ining the effect of single naps on learning [30-32], and emotional
and behavioral regulation [33, 34]. A recent systematic review by
Thorpe et al. [35] summarized the developmental impact of naps
during the first 5 years of life and reported mixed findings on be-
havioral, emotional, and health-related outcomes. The effect of
napping on glucose metabolism and diabetes in adults is contro-
versial, with some studies reporting a negative effect of napping
on glucose metabolism and diabetes and others failing to find a
significant effect [36, 37]. Such inconsistencies may be due to un-
controlled confounding from sociodemographics, comorbidity,
nighttime sleep, and inadequate measure of napping frequency
and duration [38-41]. Few studies have examined napping and
glucose metabolism in children. Furthermore, little is known
about the effects of napping on applied cognitive ability such as
academic performance other than intelligence. Few, if any, nap
studies have examined habitual napping on emotional and be-
havioral outcomes in schoolchildren, with even less knowledge on
psychological well-being and health. Such gaps in research call for
more comprehensive studies to investigate the effects of napping
on multiple outcomes.

In this community study, we conducted a comprehen-
sive examination of associations between napping in Chinese
schoolchildren and a wide range of outcomes. An existing cohort
study in Jintan, China, where post-lunch napping is a common
practice in all age groups, collected information on frequency
and duration of napping habits. The overarching study design

is illustrated in Figure 1. Outcomes include four areas of func-
tioning: behavior problems, cognitive ability, psychological
well-being, and health, many of which were constructed from
multiple measures.

Methods
Study design and participants

This study draws on data from the China Jintan Preschool Cohort
Study [42, 43], a prospective longitudinal study that aims to
understand the impact of early health factors on children’s and
adolescents’ long-term physical and mental health outcomes.
The children were initially recruited in 2005 when they were in
preschool in Jintan City, located in the southeastern coastal re-
gion of China. We selected four schools based on the type of loca-
tion: rural (Xue Bu), suburban (Hua Cheng and He Bin), and urban
(Hua Luo Geng) area. The original study was expanded from 2011
to 2013 to include both the original cohort participants and their
later classmates in elementary school.

The current study consisted of 3819 students across three
grade cohorts (grades 4-6; mean age 11.17 + 0.98; 51.3% male)
when the nap and nighttime sleep data was collected. However,
2928 (76.7%) students have complete data for nap frequency
and duration, covariates and three major outcomes (emotion/
behavior, cognition, and psychological well-being). Sample char-
acteristics among study subjects and excluded subjects are pre-
sented in Supplementary Table 1. The sociodemographic profile
and additional details of this location are reported in our cohort
profile updates paper [43].

Data collection procedures

In China, elementary schools include grade 1 to grade 6. Napping
and sleep data were collected in the later part of the spring term
in 2011 when the three grade cohorts were in grades 4, 5, and
6, respectively. All outcome data, including covariates, were col-
lected when the participants were in the last semester of grade
6 (2-3 months before graduation from elementary school). Data
collection spans 3 years (2011-2013) based on the three grade co-
horts. For each participant, napping patterns, cognitive ability,
emotional/behavioral outcomes, and psychological well-being
were measured through either self-reported questionnaires or
teacher’s reports. Children completed self-report questionnaires
in their school classrooms under the supervision of a research
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assistant. IQ testing was only conducted for the cohort children in
a controlled laboratory in Jintan Hospital. Written informed con-
sent was obtained from parents, and assent was obtained from
children. Institutional Review Board approval was obtained from
both the University of Pennsylvania and the Ethical Committee
for Research at Jintan Hospital in China. Teachers’ reports were
collected in the school. Neither the teachers nor the students
were aware of the hypotheses of the study.

Measures

Our measures included: (1) weekly post-lunch napping fre-
quency and average duration; (2) four primary outcome do-
mains with each including multiple indicators: cognitive ability,
emotion/behavior, psychological well-being, health; and (3)
sociodemographic variables and time in bed at night.

Chinese school schedule

In China, napping is a routine and well-accepted sleep practice
in all age groups as part of a healthy lifestyle practice. Like most
typical public schools in China, all schools in the Jintan school
district begin at 08:00 am and end at 04:15 pm. Students have
a long lunch break (in this study, between 11:10 am and 01:25
pm) before resuming their classes in the afternoon. This long
break and the extended school day provides children with suffi-
cient time to nap (~1-1.5 hours) after lunch, either at school or at
home. Nevertheless, the frequency and duration of napping varied
among individuals.

Nap frequency and duration

Two questions were asked to obtain the children’s nap frequency
and duration, which have been similarly implemented in pre-
vious studies [44, 45]. Frequency was assessed by asking, “During
the past month, how often and how long did you usually take a
post-lunch nap?” with the following options: never, <1/week, 1-2/
week, 3-4/week, and 5-7/week. For nap duration, the following
categories were asked: 0 minutes, 1-15 minutes, 15-30 minutes,
31-60 minutes, 1-2 hours, and 2+ hours. Categories with small fre-
quencies were merged into adjacent categories in the statistical
analysis. Nap frequency was recoded into four categories: never,
<2, 34, and 5-7 times per week, while average nap duration was
also recoded into 4 categories as follows: never, <30 minutes,
31-60 minutes, and >60 minutes. For anyone who responded “fre-
quency- never,” their duration was coded as 0 minutes; for anyone
who responded “Duration- 0 minutes,” their frequency was set to
“0”. These cutoffs were selected, since a midday nap with a dur-
ation of no more than 30 minutes is an advised practice to avoid
deep non-rapid eye movement (NREM) sleep that can result in
sleep inertia, and rapid eye movement (REM) sleep may occur in a
nap that is more than 1 hour in length [46].

Cogpnitive ability

Within the domain of cognitive ability, IQ and school academic
achievement were evaluated to reflect both trait intelligence and
applied intelligence, respectively.

IQ was assessed by the Chinese version of the Wechsler
Intelligence Scale for Children (WISC) [47] was used to assess the
I1Q of the participants [48]. Individual scores were calculated for
verbal IQ (VIQ) and performance IQ (PIQ), with higher scores in-
dicative of higher intelligence. Detailed procedures are described

Liuetal. | 3

in Liu et al. [43]. Test results were only available for the original
cohort (N = 819).

Academic achievement was determined by school grades for
each child in the study. Standardized student grades in four major
subjects (Chinese, Math, English, and Social Science) in the pre-
vious semester were provided by the teacher and converted to
a five-point scale from 1 = very poor (grade F) to 5 = very good
(grade A). The total score of the four subjects for each individual
was computed and combined into a composite score for analysis.
Further details are included in our previous publication [11].

Psychological well-being

Children’s positive emotion and personality traits were assessed
by three adolescent self-report measures reflecting psycho-
logical well-being.

Grit was assessed by the Grit Scale developed by Duckworth
et al. [49], which contains 12 self-reported Likert scale items,
such as “setbacks don’t discourage me” to assess perseverance and
consistency in pursuing long-term goals. The total grit score is
calculated by averaging all twelve items to provide an estima-
tion of individual grittiness that ranges from one to five. A higher
average score is reflective of greater grit. Internal consistency of
the measure was adequate and consistent with previous studies
(o =.75). This measure has been widely implemented within aca-
demic and professional settings, showing well-documented re-
liability and validity [49]. The Chinese version of Grit has been
validated [50].

Self-control was assessed by the Brief Self-Control Scale devel-
oped by Tangney et al. [51]. The scale contains 13 self-reported
items such as “I am good at resisting temptation,” with each item
rated on a five-point scale from 1, not at all like me, to 5, very much
like me. The total self-control score was calculated by averaging
the ratings for all items, with higher scores indicating higher
self-control. The scale has well-documented reliability and val-
idity [52]. The Chinese version of Brief Self-Control Scale has
been validated [53].

Happiness was assessed by the Oxford Happiness Questionnaire
developed by Hills & Argyle [54]. The scale contains 29 self-
reported items such as “laugh a lot,” “happy memories,” “life
is rewarding,” with each item rated from 1 (strongly disagree)
to 6 (strongly agree). The total happiness score was calculated
as a mean of the ratings for the 29 items. Internal reliability
and construct validity have been well-documented [55]. The
Chinese version of Oxford Happiness Questionnaires has been
validated [56].

Internalizing and externalizing behavior

Children’s behavior was assessed by the child’s primary class
teacher using the Teacher-Child Rating Scale [57], a 40-item
measure based on core aspects of school-related competence
such as frustration tolerance, task orientation, and social skills.
Each item was scored on a five-point scale from 1 (not at all) to
5 (very well), to create internalizing and externalizing behavior
scale scores which have been validated in Chinese children [58].

Metabolic health

Fasting blood specimens from cohort children were collected and
analyzed for glucose concentrations during the summer between
2011 and 2013 when children were in the last 2-3 months of 6th
grade. Fasting plasma glucose concentrations were dichotomized
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into normal (<5.5 mmol/L) and impaired (5.6 mmol/L) fasting
glucose (IFG) levels [59]. Body mass index (BMI) was calculated
using self-report weight (kg) divided by height squared (m? as
an indirect measure of body fat. Metabolic health data were only
available for the original cohort (N = 771).

Covariates

Demographics. Children completed a questionnaire on
sociodemographic information, including the child’s gender,
grade/age, and parental education. The education levels of both
parents were coded as middle school or below, high school, and
college or above. Four schools were selected to represent the dif-
ferent residential areas from urban to rural [42].

Time in bed at night. Children were asked to report their bed-
times and rise-times. We calculated time in bed as a proximity
measure for nighttime sleep duration. We considered time in bed
at night as a key covariate because napping might be associated
with nighttime sleep [35].

Statistical analyses

Of the participants, 2928 children had complete data for nap
and outcomes (except for IQ and metabolic health) and were
included in data analyses. All demographic and potential con-
founding variables, including gender, grade, parental educa-
tion, school location, and nighttime in bed were summarized as
mean (s.d.) or frequencies by weekly nap frequency and average
duration categories. The marginal associations between sex and
nap frequency/duration were tested using x? tests; the associ-
ation between nap and school locations was tested using ana-
lysis of variance (ANOVA); and the correlations between nap
and any ordinal variable, including grade, parental education,
and time in bed at night, were assessed using Spearman’s cor-
relation coefficient.

The nap frequency and average duration were modeled sep-
arately for association with each outcome because they were
highly correlated (Spearman’s correlation= 0.51, p < 0.0001).

All variables with a significant marginal association with nap
were considered to be included as covariates in multivariate
linear or logistic models to assess the napping effect on each
outcome. All variables with a significant marginal association
with nap were considered to be included as covariates in multi-
variate linear or logistic models to assess the napping effect on
each outcome. We used the backward selection algorithm with
a cutoff p-value of 0.05 to obtain final models that always in-
cluded nap frequency or duration variables. The effect size d be-
tween nappers and non-nappers was calculated by dividing the
adjusted mean difference by the pooled standard deviation (SD)
in each model [60]. The effect size, if without any covariate ad-
justment, is Cohen’s d [60]. Here we chose a covariate-adjusted
d to be consistent with the hypothesis testing in the regression
setting. Its unit is SD of the outcome residual after removing the
confounding effects.

Because night time in bed might confound the napping ef-
fects, we also conducted complementary sensitivity analyses
by including and excluding night time in bed as a covariate. If
the covariates in the final model contained night time in bed,
we refitted the model by excluding it. Otherwise, we refitted the
model by including it. Two sets of complementary models were

compared to assess the confounding effect of night time in bed
on the nap effect.

In order to ascertain what specific combinations of duration
with frequency are optimal for positive outcomes, nap frequency
and duration were broken down into nine groups (based on three
frequency and three duration categories) and compared to the
non-nappers, using linear or logistic models, adjusted for the
same set of covariates selected for each outcome. To assess for
potential bias in missing data, we compared the demographics
of the subjects with missing nap data with those of subjects with
nap data available but missing outcomes. All statistical tests
were two-tailed with a significance level of 0.05. All analyses
were performed in SAS9.4 and R3.4.3.

Furthermore, because nap, night time in bed, and outcome
data were collected almost simultaneously for 6th graders but
with a 1- or 2-year gap for 4th and 5th graders, we also conducted
separate analyses for each grade, using the same linear and lo-
gistic final models except without adjusting for grade.

Results

Nap Frequency and Average Duration as a Function
of Sample Characteristics.

Means (SDs) and frequencies (percentages) for demographic and
confounding variables by nap frequency and duration categories
are presented in Table 1. There were significant gender differ-
ences in both nap frequency (x> = 22.81, p < 0.0001) and nap dur-
ation (y? = 21.24, p < 0.0001). The results of Spearman’s correlations
showed that father’s education levels were positively associated
with nap frequency (r, = 0.04, p = 0.04) and negatively associated
with nap duration (r, = -0.09, p < 0.0001). There was a trend toward
increasing nap duration with higher maternal education (r, = -0.09,
p < 0.0001). Girls had higher percentages in frequent napping com-
pared to boys (3-4 naps/week: 29.8% vs. 27.6%; 5-7 naps/week:
39.1% vs. 34.8%). Frequent napping is more prevalent among 6th
graders than 4th (40.3% vs. 35.9%) and 5th graders (40.3% vs. 34.1%).
For the nap duration of 31-60 minutes, 6th graders were also the
most prevalent group compared with 4th (41.8% vs. 38.7%) and 5th
graders (41.8% vs. 33.7%), although the percentages in the >60 min-
utes were similar across the three grades. Children whose father
had a higher education napped more often (p = 0.04). The school
geographic district showed a nonuniform relationship with nap
frequency. Twwo suburbs, Hua Cheng (42.36%) and He Bin (28.13%)
districts, had different profiles in terms of the percentage of fre-
quent napping (5-7 naps/week) (p < 0.0001). Night time in bed sig-
nificantly differed across different nap-frequency groups. Overall,
frequent nappers spent more time in bed at night compared to
non-nappers (p = 0.0041), but there was no significant correlation
between nap duration and in-bed time at night (p = 0.2540). There
was a decreasing trend for the night time in bed from the 4th
grade to 6th grade (mean 9.65, 9.32, and 9.09 hours for 4th, 5th, 6th
graders, respectively) (Table 1).

Associations Between Nap and Cognitive/
Academic Achievement

Verbal IQ

Mean VIQ scores were higher in nappers compared with non-
nappers (Figure 2). For frequency, the difference between
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Table 1. Sample characteristics across nap frequency and duration groups

Weekly nap frequency Average nap duration
Total Never <2 3-4 5-7 p-value 0 1-30 31-60 >60 p-value
Study sample 2928 13.8% 21.6% 29.1% 35.5% 14.1% 14.6% 37.0% 34.3%
Gender <0.0001® <0.0001®
Boys 1460 16.6% 21.0% 27.6% 34.8% 16.6% 13.2% 37.7% 32.5%
Girls 1468 10.8% 20.2% 29.8% 39.1% 10.8% 14.9% 38.9% 35.4%
Grade 0.0066" 0.0002°
4th grade (age 10.5 = 936 15.2% 19.8% 29.2% 35.9% 15.2% 12.1% 38.7% 34.1%
0.3 years)
5th grade (age 11.5 + 907 14.2%  24.0%  27.7% = 34.1% 14.2% 17.9%  337%  34.2%
0.3 years)
6th grade (age 12.5 + 1085 12.0% 18.5% 29.2% 40.3% 12.0% 12.5% 41.8% 33.6%
0.3 years)
Mother’s education 0.0721° <0.0001°
Middle school or lower 1120 14.3% 22.8% 27.9% 35.1% 14.3% 13.0% 32.9% 39.9%
High School 976 12.4% 20.0% 29.7% 37.9% 12.40% 13.0% 40.6% 34.0%
College or higher 832 14.4% 18.5% 28.7% 38.3% 14.42% 16.7% 43.0% 25.8%
Father’s education 0.0396" <0.0001°
Middle school or lower 892 14.0% 23.1% 27.5% 35.4% 14.0% 13.0% 33.1% 39.9%
High School 1020 12.7% 22.3% 29.0% 36.1% 12.7% 12.9% 38.4% 36.0%
College or higher 1016 14.5% 16.8% 29.5% 39.2% 14.5% 16.0% 42.8% 26.7%
Schools <0.0001¢ <0.0001°¢
Hua Luogeng (urban) 1044 11.2% 19.4% 29.6% 39.8% 11.2% 17.4% 47.1% 24.2%
Hua Cheng (suburb) 897 9.1% 20.0% 28.5% 42.4% 9.1% 10.3% 29.2% 51.4%
He Bin (suburb) 686 23.2% 21.0% 27.7% 28.1% 23.2% 15.0% 41.0% 20.9%
Xue Bu (rural) 301 14.3% 25.9% 28.6% 31.3% 14.3% 11.3% 28.9% 45.5%
Night time in bed¢ 9.34 + 9.26 9.40 + 9.32 % 9.35 % 0.0041° 9.26 £ 0.87 9.35 + 935+ 9.36 = 0.2540°
0.77 0.87 0.80 0.74 0.75 0.80 0.72 0.78
#y? Test.
bSpearman’s correlation.
¢ANOVA.

dNight time in bed for 6th grade is 9.09 + 0.78; 5th grade is 9.32 + 0.72; and 4th grade is 9.65 + 0.69.

napping 5-7 times per week and non-napping was statistically
significant, with a mean score increase of 4.28 points (p = 0.013,
d = 0.39) (Table 2). For duration, the difference between napping
31-60 minutes per nap and non-napping was also statistically
significant, with a mean score increase of 3.58 points (p = 0.037,
d = 0.33). For other frequency and duration groups, differences
were not statistically significant. When frequency and duration
groups were combined, the 5-7 frequent nappers with 31-60
minutes per nap had the best VIQ score mean which was five
points higher than non-nappers (p = 0.0129, d = 0.46) (Table 3).
After adjusting for grade, maternal education, and schools, these
results remained significant. However, night in-bed time was not
significant (Table 2). For the 6th graders, the mean difference be-
tween napper groups and non-nappers were larger (d = 0.57 for
both 3-4 and 5-7 times per week, d = 0.58/0.54 for 31-60 and >60
minutes per nap, respectively) than for the whole sample (Table
4). However, for the 4th and 5th graders, there were no significant
differences between nappers and non-nappers.

Performance IQ

The change in PIQ with napping had no clear direction and none
of the mean differences were significant for nap frequency or
duration, partially due to the large variation in PIQ across nap
groups (Figure 2). These effects were adjusted for covariates, and
the results remained insignificant in the multivariate models
for sex, grade, and schools, but not maternal education or night

in-bed time (Table 2). However, when combining both nap fre-
quency and duration, the group with <2 naps per week and 31-60
minutes per nap showed the highest PIQ (p = 0.0377, d = 0.42)
(Table 3). Stratified analyses in three grades showed no statistic-
ally significant differences in PIQ.

Academic achievement

Compared to non-nappers, nappers showed higher school aca-
demic achievement scores (Figure 2). For nap frequency, napping
three or more times per week showed a statistically significant
increase, with 5-7 times per week exhibiting score increases of
up to 0.27 units (p = 0.001 for 3-4 naps per week, d = 0.21; p < 10*
for 5-7 naps per week, d = 0.29) (Table 2). For nap duration, nap-
ping more than 30 minutes per nap demonstrated a statistically
significant increase, with 31-60 minutes per nap having a mean
score increase of up to 0.22 units (p < 10* for 31-60 minutes,
d=0.23 and p = 0.0004 for >60 minutes, d = 0.21) compared to non-
napping. Furthermore, when nap frequency and duration were
examined in combination, significant associations with aca-
demic achievement were found in those who napped longer than
30 minutes for 3—4 times per week (p = 0.0020, d = 0.22 for 31-60
minutes and p = 0.0045, d = 0.22 for >60 minutes) and 5-7 times
per week (p < 0.0001, d = 0.35 for 31-60 minutes and p = 0.0001,
d = 0.27 for >60 minutes) (Table 3). The model was adjusted for
covariates including sex, grade, mothers’ education, fathers’
education, and night in-bed time, and all prior results remained
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Figure 2. Nap frequency and duration on cognitive ability, psychological well-being, behavior problems, and metabolic health. Verbal IQ (A), Performance IQ (B), and
Metabolic Health (I, J) were objective assessments. Academic Achievement (C) was based on standardized tests. Grit (D), Self-control (E), and Happiness (F) were self-

reported. Internalizing (G) and Externalizing (H) Behavior were rated by teachers.

significant (Table 2). The grade-stratified analyses showed that
for each grade, at least one frequency and one duration napper
group showed significant differences from non-nappers; signifi-
cant effect sizes were in scales that were comparable to those in
the whole sample (Table 4). Specifically, for nap frequency, the
most interesting result was that children in all three grades who
consistently napped 5-7 times per week showed a statistically
significant increase in academic achievement scores: for grade 4,
up to d = 0.33 (p = 0.002), for grade 5, d = 0.32 (p = 0.003), for grade
6,d = 0.22 (p = 0.042), suggesting that a longer gap in time from
baseline is associated with a higher achievement score. For nap
duration, statistical significance varied across grades. Napping
for >60 minutes in grades 5 and 6 was associated with a stat-
istically significant increase in achievement, with a mean score
increase of d = 0.23 for grade 6 (p = 0.032) and d = 0.24 for grade
5 (p = 0.025).

Association Between Nap and Psychological
Well-Being

Grit

Mean self-reported grit scale scores were higher in nappers com-
pared with non-nappers (Figure 2). Specifically, for frequency

comparisons, the mean difference of 0.17 units between the
most frequent nappers (5-7 times per week) and non-nappers
was statistically significant (p = 0.001, d = 0.29) (Table 2). For
duration comparisons, the mean difference of 0.13 between
the longest average nap duration and non-nap was statistic-
ally significant (p = 0.014, d = 0.22). For other groups, mean grit
scores were not statistically significant. When the frequency and
duration groups were combined, most frequent nappers with
31-60 and >60 minutes had highest grit mean scores, 0.17 and
0.15 units higher than the non-nappers (p = 0.0023, d = 0.29 and
p = 0.0054, d = 0.26), respectively (Table 3). Both maternal educa-
tion and night in-bed time were also positively associated with
grit. Additionally, grade-stratified analyses showed that for the
6th graders, the mean difference was d = 0.38 (p = 0.0001) be-
tween 5-7 times napper and non-nappers, and d = 0.24, 0.34
(p = 0.015, and 0.001) between 31-60, >60 minutes nappers and
non-nappers, respectively (Table 4). There were no significant dif-
ferences in grades 4 and 5.

Self-control

Similar to grit, only the differences between the most frequent
nappers and non-nappers, and between the longest duration
nappers and non-nappers were statistically significant (Figure 2).
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Specifically, for frequency, the mean score was 0.12 units higher
for those who napped 5-7 times per week (p = 0.015, d = 0.22)
(Table 2). For duration, the mean score was 0.11 units higher
for those who napped >60 minutes per nap (p = 0.030, d = 0.20),
after adjusting for gender, in-bed time, and mother’s education.
For other frequency and duration groups, the difference from
non-nappers was not significant. When frequency and duration
groups were combined, the most frequent nappers with 31-60
and >60 minutes per nap had better self-control, with means of
0.12 and 0.13 units higher than non-nappers (p = 0.0406, d = 0.22
and p = 0.0241, d = 0.24, respectively) (Table 3). In addition, grade-
stratified analyses showed that in 6th graders, the mean differ-
ence was d = 0.25-0.29 (p = 0.008-0.028) between each frequency
napping group and non-nappers, all of which were significant;
there were significant differences of d = 0.23 (p = 0.029) and 0.32
(p = 0.003) between the 31-60 and >60 minutes group and non-
nappers, respectively (Table 4). Again, there were no significant
differences in grades 4 and 5.

Happiness

Happiness scale scores increased with both nap frequency and
nap duration compared with the non-nappers (Figure 2). For
frequency comparisons, the differences between napping 3-4
times per week showing score increases of 0.19 units (p = 0.032,
d =0.29), and 5-7 times per week showing score increases of 0.20
units (p = 0.017, d = 0.30) (Table 2). For duration, the difference
between napping over 60 minutes per nap and non-nappers was
also statistically significant, with a mean score increase of 0.18
units (p =0.034, d = 0.27). For other frequency and duration groups,
the mean happiness scale score was not statistically significant.
When frequency and duration groups were combined, the dif-
ference of happiness scores between children with 5-7 naps per
week and >60 minutes for each nap was significantly higher than
the non-nappers, with a mean score increase of 0.24 units (p =
0.0135, d = 0.36) (Table 3). Grade-stratified analyses showed a sig-
nificant difference between the most frequent group and non-
nappers (p = 0.008, d = 0.67), and the longest duration group and
non-nappers (p =0.031,d = 0.55) in the 5th graders (Table 4). There
was no significant difference for the 4th or 6th graders, although
effects sizes for grade 6 were very close to the whole sample.

Association Between Nap and Emotional/
Behavior Problems

Internalizing behavior problem

Compared to non-nappers, nappers had statistically significant
lower teacher-reported internalizing behavior scores across all
frequency and duration groups (Figure 2). Specifically, for fre-
quencies, the mean scores were 2.58, 3.43, and 2.53 units lower
for those who napped <2, 3—4, 5-7 times, respectively (p = 0.040,
d = -0.28; p = 0.004, d = -0.37; and p = 0.029, d = —0.28, respect-
ively) (Table 2). For duration, the mean scores were 3.30, 2.28,
and 3.19 units lower for those who napped 1-30, 31-60, and >60
minutes per nap (p = 0.016, d = -0.36; p = 0.049, d = -0.25; and
p = 0.006, d = —0.35, respectively). When frequency and duration
categories were combined, students who napped 5-7 times for
1-30 minutes per nap had the lowest average internalizing be-
havior score, which was 4.79 (p = 0.0179, d = —0.52) units lower

than non-nappers (Table 3). Furthermore, grade-stratified ana-
lyses showed that for grade 5, two frequency (3-4 [p = 0.002,
d = -0.79] and 5-7 [p = 0.003, d = -0.70] times) and two duration
(1-30 [p = 0.007, d = -0.69], >60 minutes [p = 0.001, d = -0.77])
napper groups had significantly better scores than non-nappers
(Table 4). For grade 6, one frequency (<2 times, p = 0.016, d = —0.54)
and one duration (31-60 minutes, p = 0.032, d = —-0.42) had sig-
nificantly better scores than non-nappers. For grade 4, there
were no significant differences between any napper groups and
non-nappers.

Externalizing behavior problem

Similar to internalizing behavior problems, there were lower ex-
ternalizing behavior scores among napper versus non-nappers,
although not all findings were statistically significant (Figure 2).
Specifically, for frequency comparisons, napping 3-4 times per
week showed a statistically significant decrement of 3.14 units
(p = 0.0091, d = -0.41), while other frequency group comparisons
were nonsignificant (Table 2). Furthermore, no duration compari-
sons were statistically significant. However, when frequency and
duration groups were combined, there was a variation in exter-
nalizing behavior scores across groups (Table 3). Students who
napped 3-4 times for 1-30 minutes (p = 0.0350, d = -0.45) and
31-60 minutes per nap (p = 0.0196, d = —0.36) had the best average
reduction in externalizing behavior scores, being up to 4.1 units
lower than the non-napper group (Table 3). Furthermore, grade-
stratified analyses showed that for grade 6, two frequency (<2
[p =0.029, d = -0.49] and 5-7 [p = 0.024, d = —0.44] times) and two
duration (1-30 [p = 0.033, d = -0.48], 31-60 [p = 0.022, d = —0.45]
minutes) napper groups had significantly better scores than non-
nappers (Table 4). For grade 5, one frequency (3—4 times, p = 0.014,
d = 0.60) and one duration (>60 minutes, p = 0.035, d = -0.48) had
significantly better scores than non-nappers. For grade 4, there
was no significant difference between any napper group and
non-nappers.

Association Between Nap and
Metabolic Health

For IFG, there were no significant differences (all p values >0.05)
among all frequency and duration groups compared with the
never-napped group (Figure 2). Nappers with different frequen-
cies (ORs = 0.96, 1.54, 0.79) and lengths (ORs = 1.20, 1.16, 0.90)
showed a mixed trend of IFG risk as relative to non-nappers,
although magnitudes were small and lacked statistical signifi-
cance (Table 2). Similarly, neither nap frequency nor duration
was associated with BMI in our sample (all p > 0.05). However,
grade-stratified analyses showed that BMI was statistically sig-
nificant for frequency of <2 (p = 0.040, d = -0.54) and duration
of >60 minutes (p = 0.026, d = -0.55) in grade 4, indicating that
some napping and longer nap duration may be associated with
lower BMI (Table 4). There were no significant changes for grades
5 and 6. For IFG, there were no significant associations among
any napper group and non-nappers except for one frequency
(<2 times, OR = 3.0, p = 0.002) and one duration (31-60 minutes,
OR = 2.6, p = 0.002) group in grade 5 that had significantly higher
IFG risks than non-nappers. There were no significant differ-
ences in IFG risk between any napper group and non-nappers
for grades 4 and 6. All the above analyses were replicated by



adjusting and without adjusting night time in bed, in addition to
other relevant covariates, and the results were consistent (Table
2 and Supplementary Table 2).

The Conditional Independent Effect of Night
Time in Bed

Longer night time in bed was associated with a lower level of
internalizing behavior problems (§ = -1.39 and p = 0.005 when
controlling for nap frequency and other covariates; or f§ = -1.37
and p = 0.006 when controlling for nap duration and other
covariates), and higher levels of grit (8 = 0.05, p = 0.009 or 0.014),
self-control (8 = 0.09, p < 0.0001) and happiness ( = 0.09, p = 0.007
or 0.015). The effect of napping on outcomes had little change
with and without adjustment for night time in bed (Table 2 and
Supplementary Table 2).

Discussion

The key findings from this study of 3819 school children are
that overall, napping is better than not napping with regards to
academic achievement, higher VIQ scores, more positive psy-
chological well-being, and reduced internalizing behavioral
problems. However, the exact pattern varied with specific out-
comes based on nap frequency and duration, or a combination of
the two, as indicated in Tables 2 and 3 and Figure 2. More limited
significant associations were found for externalizing behavior
problem and metabolic health, compared to non-nappers. Results
remained significant after adjusting for sociodemographic vari-
ables. Overall results from stratification analyses on grades 4, 5,
and 6 showed variations in the napping effects, although concur-
rent findings for napping (grade 6) were associated with most of
the outcomes (except for happiness) and were largely consistent
with results based on the entire sample, suggesting that nap
habits from one (grade 5) or 2 years (grade 4) in the past is less
associated with the present day outcomes. Although such find-
ings might be limited by the smaller sample sizes in stratified
analyses, the larger concurrent effects suggest that even if chil-
dren did not nap previously, starting a new regimen of taking
naps can improve outcomes. Interestingly, while concurrent
measurements of napping on other outcomes in grade 6 were
more pronounced than in grades 4 and 5, academic achievement
was the exception: napping 5-7 times per week showed signifi-
cant increases in academic achievement scores across all three
grades, with a longer time gap resulting in the highest scores.
Results were unchanged after adjusting for time in bed at
night (Supplementary Table 2). In addition, time in bed at night
was associated with reduced internalizing behavior and better
psychological well-being independent of napping behavior.
Overall, frequent napping was not the result of insufficient
nighttime sleep. We found in our sample that frequent nappingis
more prevalent in girls and in children with parents with college
education or higher. To our knowledge, these epidemiological
findings are the first and largest to show that napping is associ-
ated with a wide range of positive outcomes in schoolchildren.
Moreover, in contrast to the standard trend in Western
countries and other parts of the world to stop napping around
preschool, we found in our sample that frequent napping is
more prevalent among 6th graders than 4th and 5th graders.
Furthermore, 6th graders were more prevalent in the 31- to
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60-minute nap duration group compared with the other two
grades, although interestingly, 4th graders also had a longer nap
duration compared to 5th graders. In China, 6th grade is the final
year of elementary school and consequently, 6th graders typic-
ally experience the academic pressure of preparing for middle
school entry exams. For example, 6th graders are required to
stay after school until the late evening to review for these entry
exams. As a result, 6th graders may need to nap more frequently
during the day to be prepared for their extended academic
day. This academic pressure might also explain the decreasing
nighttime in-bed from 4th to 6th grade as they advanced through
school. On the other hand, the decreased nighttime in-bed could
be a result of age [61, 62]. Alternatively, more frequent napping
among 6th graders could be a result of shorter nighttime in-bed.

The robustness of our findings is demonstrated in several
ways. First, our nap assessment included both frequency and
duration, which independently contributed to several outcome
measures, which was also confirmed by our combination of fre-
quency and duration analysis. Second, multiple measures were
implemented for each outcome to demonstrate construct val-
idity. For example, psychological well-being was assessed by
three separate validated measures. Similarly, cognitive func-
tioning was objectively assessed by comprehensive IQ tests, and
academic achievement was based on standardized test scores,
which avoid self-report response bias. Likewise, child and ado-
lescent behavior were assessed by teachers rather than by self-
report. The fact that significant findings were obtained for some
of the objective and subjective indicators is viewed as a strength.
Third and most importantly, the associations between napping
and reduced behavioral problems and enhanced psychosocial
well-being were consistent whether controlling for time in bed
at night or not, suggesting that frequent napping may contribute
independently to child health and development, and does not
function as a compensatory measure for insufficient nighttime
sleep, as previously suggested [35].

Napping Effects on Cognitive Ability and
Academic Achievement

Our study demonstrates that the effect of napping on cognitive
ability is evident in VIQ, with a moderate effect size for chil-
dren who napped most frequently. This is particularly notable
for cross-sectional analysis on the 6th graders, showing that
students who had nap frequency of only three times or more
per week or napped longer than an average of 31 minutes dem-
onstrated a VIQ increase of up to 7 points. Nap benefits for
memory have been consistently shown in laboratory studies of
young adults [27, 63-65]. For children and adolescents, however,
previous studies were limited to experimental observations
of toddlers and younger children, with inconsistent findings.
For example, Kurdziel et al. found that classroom naps in pre-
schoolers benefited learning by enhancing memories, with a
stronger effect in habitual napping [30]. Interestingly, although
Sandoval et al. found no difference between non-habitual and
habitual nappers, they did find that successful verb generaliza-
tion occurred only if toddlers napped after learning [31]. On the
other hand, others have shown that napping in preschoolers is
associated with decreased nighttime sleep and lower perform-
ance on language learning and memory, which the authors in-
terpret to imply less mature brain development in nappers [32,
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35]. The mixed findings have been criticized for not controlling
for either nighttime sleep or sociodemographic variables, and
only focusing on a simple or single aspect of cognition. To better
address this issue, the current study examined the effect of ha-
bitual napping in school children on both their trait intelligence
(IQ) and applied cognitive ability (school academic achieve-
ment), and adjusted for sociodemographic variables and time
in bed at night.

Notably, no obvious association between napping fre-
quency/duration and PIQ was observed. Several factors may
account for this null result. First, napping may have a stronger
effect on applied intelligence (day to day academic achieve-
ment) which may be influenced more by daily sleep than trait
IQ, which in relative terms may have a somewhat stronger
genetic contribution. In this context, Tucker et al. [66] showed
no correlation between nap sleep and verbal and PIQ, but did
find a strong association between napping and both verbal and
motor learning. Second, the null result in the current study
may also be due to the coarse measure of sleep used and the
lack of EEG, which would have allowed for the analysis of sleep
spindles. Prior studies have found a correlation between sleep
spindles and measures of verbal memory [67], visuospatial
memory [68], selective attention [69, 70]), and fluid intelligence
[71]. More research into the role of sleep for intelligence in gen-
eral, and thalamocortical tract efficiency as reflected by spindle
activity specifically, is needed. Lastly, our sample exhibited a
large variation in PIQ across nap groups, which may contribute
to the nonsignificance of napping on PIQ scores. However,
when the frequency and duration combination was exam-
ined, the group of <2 naps per week and 31-60 minutes per nap
showed statistical significance. The exact phenomenon is not
well-understood.

For academic achievement in our study, children who
napped 3 times or more per week or longer than an average
of 31 minutes demonstrated an academic achievement in-
crease of up to 0.27 units, representing a 7.6% increase. The
academic achievement score increased even more, up to 0.22
(5.4% increase) and 0.33 (8.2% increase) units, when children
napped 5-7 times per week, measured 1 (5th graders) and 2
(4th graders) years prior respectively. One prior meta-analysis
reported an association between sleepiness and poor school
performance [14]. There are few prior studies for napping on
academic achievement. However, most of them used single-
question self-reports on academic achievement and only fo-
cused on nap frequency. These studies demonstrated either
null or nonsignificant findings, which may be due to a lack of
standardized assessment of academic achievement or a lack
of adjustment for nighttime sleep and other covariates [40,
41]. Here, we addressed these methodological issues by using
teacher-reported academic achievement (based on standard-
ized test scores) that derived a composite score from four
core subjects (Chinese, Math, English, and Social Science).
Furthermore, our data included two dimensions of napping
(frequency and duration), with findings suggesting that max-
imal benefits are obtained from high frequency combined with
a longer duration. Taken together, our results suggest that day-
time napping has a positive benefit on multiple cognitive do-
mains, and further research into the mechanisms underlying
this facilitation effect is needed.

Napping Effects on Positive Psychological
Well-Being

The effects of napping on psychological well-being (as measured
by grit, self-control, and happiness in our study) have rarely been
investigated. Interestingly, our study shows that children who
napped the greatest frequency per week and the longest duration
per nap demonstrated significant increases across all three meas-
ures, with effect sizes of approximately d = 0.3. In one study of
nap-restricted toddlers, behavioral self-regulation, attention, and
positive emotions were reduced [33, 34]. Although the impact of
napping on grit has not been investigated, one recent study exam-
ining the effect of napping on motivation in young adults reported
an inverse relationship [72]. However, this study was limited to a
small sample of primarily female participants, and did not con-
trol for nighttime sleep, which may explain the negative findings.
For happiness, several adult studies have reported that daytime
napping elevates positive mood, joy and relaxation, and decreases
sadness and anger [29, 73]. Conversely, toddlers missing one
afternoon-nap show increased negative facial emotion displays
[34]. Nevertheless, all these studies are based on non-habitual
naps in the laboratory or an experimental setting, and only test
one aspect of positive psychology. In our study, we adopted a
whole-spectrum approach to assessing psychological well-being
and found better grit, self-control, and happiness among habitual
nappers as compared to non-nappers. Particularly, the most fre-
quent nappers (5-7 times/week) and the longest duration (>60
minutes) of nappers had better overall psychological well-being
than non-nappers. One caveat is that for cross-sectional 6th-grade
analysis, we did not find significant results for happiness. This may
be due to the academic pressure of preparing for middle school
entry exams in 6th grade. While grade-stratified analyses for 4th
and 5th graders did not show a significant difference of napping
on grit and self-control, the increase in happiness was significant
for grade 5. These intriguing results require further experimental
testing to tease apart the contribution of culture and other factors
that may influence napping behavior and its benefits.

Napping Effects on Emotional and
Behavioral Problems

Previous studies on napping and emotional/behavioral problems
have been limited to young children, with conflicting findings.
Some small-sample experimental studies found that acute day-
time sleep restriction in habitually napping preschoolers is asso-
ciated with impaired self-regulation and emotion processing [33,
34, 74], which are risk factors for child behavior problems [75].
Interestingly, two epidemiological studies found no significant
relationship between napping and behavior problems in pre-
schoolers [39], which could be due to a lack of consistency in nap
assessment and not controlling for covariates [38]. Furthermore,
there may be delayed benefits that were not measured [38]. In
all cases, time in bed at night, which has been implicated in
behavioral problems, was not controlled. In addressing these
issues, our study targeted older children and the preadolescent
age group using consistent nap groupings (30-minute inter-
vals) and adjusted for both nighttime sleep and social demo-
graphics. We found that the habitual nappers with any napping
frequency and duration, compared with non-nappers, showed



less teacher-rated internalizing behavior problems. For exter-
nalizing behavior, significance was only observed in those who
napped 3-4 times a week in whole sample analysis. Grade-
stratified analysis also revealed variable patterns of napping on
both internalizing and externalizing behavior problems, though
with some duration and frequency nappers among 5th and 6th
graders showing significant reductions in behavior scores com-
pared to non-nappers. Such variation in results for behavioral
problems indicates the need for further research to consider a
variety of factors, including children’s developmental stage as
well as pressures from the external environment. Overall, these
associations not only support the notion that napping is linked
with less emotional and behavioral problems, but also strongly
support the investigation of targeted nap interventions for chil-
dren and adolescents with behavioral problems. Indeed, prior ex-
perimental work that increased nighttime sleep in adolescents
reported significant decreases in behavior problems associated
with attention deficit hyperactivity disorder [76].

It has been suggested that napping may compensate for sleep
insufficiency [20, 77], which has been linked to increased emotional
lability and impulsivity, slowed reaction times in children [78, 79]
and criminal behavior in adults [16]. However, in our study, the sig-
nificant effects of napping on preadolescent behavior were observed
even after adjusting for nighttime sleep duration, highlighting the
benefits of napping on behavioral development independent of
nighttime sleep. Since we also found that night in-bed time was
significantly associated with reduced internalizing behavior, which
is consistent with previous studies [11, 80], and that the effects of
napping on internalizing behavior was attenuated by night in-bed
time, it possible that nighttime sleep may play a more critical role in
the reduction of emotional problems than daytime napping.

Napping Effects on Metabolic Health

We did not find significant associations of nap duration/frequency
with IFG among school children in the whole sample. While prior
research has supported the cognitive benefits of napping, the im-
pact of habitual daytime napping on metabolic health has been
controversial. Daytime napping has been associated with in-
creased risk for impaired glucose metabolism and diabetes [36],
microvascular disease [81], and metabolic syndrome [37] in adults.
Yamada and colleagues further examined the dose-response re-
lationship and reported that napping up to about 40 minutes/day
showed no association with the risk of developing type 2 diabetes
or metabolic syndrome versus no nap, followed by a sharp in-
crease in risk at longer nap times [37]. Such adverse effect was not
present in the whole sample, but it was evident in the 5th graders
of our study. It could be that physiological responses to napping
behaviors may differ by developmental stages. Additionally, given
that our sample were healthy school children, the lack of vari-
ability in metabolic outcomes as a function of napping may pro-
duce different results with other populations elsewhere. To our
knowledge, this is the first study to examine the effect of napping
on blood glucose in this population.

Although there were no significant associations between
napping and BMI in the whole sample, in the subgroup of 4th
graders, participants who napped on average at least 60 min-
utes or <2 times/week had lower BMI than non-nappers. Prior
evidence for daytime napping and BMI remains limited and in-
consistent. A case-control study reported higher odds ratios of
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overweight/obesity among those with a napping habit versus
non-nappers [82]. Conversely, other studies in younger children
have not found significant relationships between daytime nap-
ping and subsequent obesity [83, 84]. To our knowledge, this is
one of the first studies to examine the nap-BMI association in a
preadolescent age group. Despite the significant findings in 4th
graders, the nap group with the highest average BMI (1-30 min-
utes and 5-7 times/week) of (19.29 + 0.39) was within the normal
BMI range for children of the same age in the United States
(16.44-21.02), as well as nearly 5 units below the overweight ref-
erence range (24-28) for Chinese children [85]. Additionally, the
significant association was not present in the whole sample of
this study. Thus, the clinical implication of our findings is in-
conclusive. More research is needed to understand the role of
napping on cardio-metabolic risk factors among children and
adolescents.

Possible Mechanisms

Although the exact mechanism(s) of these positive nap effects
are not known, we propose several candidate factors, including
(1) physiological functions, (2) psychological functions, and (3)
moderation by cultural norms. Regarding physiological func-
tioning, circadian and sleep homeostatic regulation on sleep
functions may play a role. One meta-analysis compared the effect
of sleep indicators on school performance and showed that day-
time sleepiness revealed the strongest negative impact on per-
formance, followed by sleep duration and sleep quality [14]. As
such, one potential mechanism for the nap-school performance
link may be via reduced daytime sleepiness, since timing of the
nap (12:00 to 02:00 pm) in our study approached the peak of day-
time sleepiness [20, 28, 86]. In addition, we found that optimal
academic achievement and positive psychology was associated
with longer naps (31-60 minutes and >60 minutes, respectively),
and most frequent napping (5-7 times/week). These results are
confirmed when combining frequency and duration grouping, as
indicated in Table 3. This suggests that higher nap frequency and
duration additionally influence outcome measures. Generally,
naps between 31-60 minutes during this time of day provide a
substantial amount of NREM deep sleep, and naps longer than
60 minutes include dream-rich REM sleep [87]. Prior studies have
demonstrated a wide range of cognitive benefits from naps with
both NREM and REM sleep [64, 88, 89]. Our current findings sug-
gest that along with these known increases to cognition, naps
with NREM and REM sleep may also benefit psychological and
emotional domains, a notion supported by current theories of
emotional processing during REM sleep [90].

Second, the relationship between habitual napping and posi-
tive psychology outcomes may also be explained by adolescents’
own traits of regularity and routineness. For example, people
high in the personality trait “conscientiousness” live longer
lives because they engage in more health-promoting behaviors,
including more physical activity, healthier diets, lower substance
use, and fewer risky behaviors [91], and because they have more
stable relationships and better integration into their communi-
ties [92]. Furthermore, highly conscientiousness individuals have
better sleep, including good sleep hygiene, high sleep quality,
and decreased sleepiness, consistent with other research on
predictors of poor health and mortality risk. In addition, studies
have shown that individuals who have regularity and rituals in



14 | SLEEPJ, 2019, Vol. 42, No. 9

their daily lives have been shown to have better grit, self-control,
and greater happiness [93, 94]. For napping practices, regularity
could be a trait that predisposes some people to nap more, and
this napping may further enhance regularity and positive psych-
ology measures. The current data may contribute to this consid-
eration by adding napping as a daily health ritual that promotes
a range of psychosocial benefits. Nevertheless, the directionality
of effects cannot be teased out in this study.

Third, cultural norms or tradition practice could constitute
another influence [95]. Cultural values and expectations play
a role in the degree to which an action will have a negative or
positive effect on an individual inside that culture. For example,
while parental corporal punishment is generally associated with
negative child behavioral outcomes, including aggression and
anxiety, this effect is moderated by perceived cultural norms
(i.e., in cultures where corporal discipline is expected, there is
less anxiety and aggression in the child). Similarly, the benefits
of positive developmental outcomes from a culturally-embedded
practice such as napping may also vary by degree of cultural
normativeness. In China, napping is a common practice and is
promoted as a way to facilitate children’s broadening scope of
awareness and building of the individual’s resources [96]. Indeed,
the extended lunch periods routinely provided by many educa-
tional institutions and government agencies factor in napping
time. These positive traditions or cultural expectations may fa-
cilitate the constructive effects of napping, whereas in Western
countries napping in older children is negatively perceived,
which may dampen the perceived benefits of napping and out-
comes. Future cross-cultural research is needed to understand
the complex interplay between biological, social, and cultural
mechanisms.

Limitations, Strengths, and Future
Directions

Several limitations of this study need to be acknowledged. First,
due to the cross-sectional nature of the present study, causal
directions cannot be concluded. It could be that children who
have better grit and self-control are more likely to stick with
the routine of napping, and children with prosocial behavior
are more likely to follow the class routine of post-lunch nap-
ping. Conversely, children who have aggressive behaviors and
depression may be less likely to follow school recommenda-
tions for post-lunch napping. This psychosocial argument may
be relevant for the associations with nap frequency, as children
who are more conscientious and compliant may nap whenever
suggested by a parent or teacher. However, this argument is less
relevant for associations with nap duration that demonstrate
positive outcomes with more sleep. These data suggest a func-
tional benefit of sleep itself that is independent of psychosocial
factors, a result in accordance with laboratory studies of napping
effects on cognition and emotion regulation. Future longitudinal
studies with temporal ordering of variables, as well as experi-
mental interventions to manipulate napping, may help tease out
these relationships.

Second, nap duration was derived from subjective reports.
While previous studies [97] have shown moderate correlations
between objective and subjective sleep data, future research

with objective assessments such as actigraphy is warranted to
confirm our findings. In addition, possible confounding factors
might play a role in napping, such as physical activity levels.
Furthermore, the place where participants took naps and the
distance from school if taking naps at home, were not included
in the study. This could be explained by potential distance ef-
fects due to some children living in peripheral suburban or
rural areas having reduced nap durations. The highest and
lowest nap frequencies both existing within suburban areas
could be due to distance effects. Although Hua Cheng is con-
sidered a suburban, it lies immediately adjacent to the city. He
Bin is located further towards the periphery of the city than
Hua Cheng. Based on our results, it seems that children res-
iding in the city and immediate city-adjacent suburban areas
have highest nap frequencies compared to suburbs located in
the periphery. However, if we had recorded the nap location,
this distance effect could be further elucidated. Additionally,
whereas an individual’s inter-daily variability in nap/sleep
schedule may have downstream effects on adolescent out-
comes, such as obesity in adolescents [98] and negative mood
in adolescents [99], we only assessed the average nap fre-
quency/duration and night time in bed duration over the past
1 month. Finally, given that some statistically significant re-
sults have small effect sizes, the implications of these results
should be viewed with caution. Despite these limitations, our
study utilized a large sample size and implemented multiple
measures to demonstrate similar constructs.

Conclusion

In this large community study of schoolchildren, our find-
ings suggest that habitual napping is associated with several
positive outcomes, including better cognitive ability and psy-
chological well-being, and reduced emotional and behavioral
problems. Several potential physiological, social and cultural
mechanisms have been proposed to account for these effects.
Napping is not found to increase the risk of negative metabolic
health outcomes. Given that sleep deprivation and daytime
sleepiness are important public health concerns, these results
may help inform future interventional studies that target ado-
lescent sleepiness.
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Supplementary material is available at SLEEP online.
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