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Purpose: To examine the associations of sleep parameters and their trajectories at preschool age with myopia among school-aged
children by using a birth cohort study design.

Patients and methods: All participants were recruited from the Ma’anshan Birth Cohort Study. Sleep duration, sleep habits, and
social jetlag were collected in 4 years, 5.5 years, and 6 years. Cycloplegic refraction and ocular biometry were performed at 7 years.
Key statistical analyses were performed using the latent class growth models, binary logistic regression, generalized linear models, and
linear mixed models, respectively.

Results: A total of 1561 children were included in the study (mean age of 7.93 years, 52.6% boys). Social jetlag of at least 1 hour at
age 4 was positively linked to an increased risk of myopia in school-age children and axial length (AL) but negatively correlated with
spherical equivalent refraction (SER) (P<0.05). Inadequate sleep duration at 5.5 years was associated with an increase in AL among
school-age children ($=0.16; 95% CI: 0.07-0.24). A pattern of increasing-declining social jetlag was positively correlated with AL/CR
ratio (RR=1.55; 95%CI: 1.01-2.37). Poor sleep habits, higher social jetlag at age 4, and the declining-increasing trajectory of social
jetlag were negatively associated with SER in school-aged children (P<0.05). Furthermore, the declining-increasing and increasing-
declining trajectories of social jetlag were positively correlated with the elongation of AL.

Conclusion: The correlations between sleep parameters at preschool age and myopia in school-aged children reveal that maintaining
regular sleep habits in preschool may contribute to the early prevention of myopia.
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Introduction

Myopia is widely acknowledged as a significant global public health issue. As a result of increasing educational and
academic pressures, early-onset myopia is becoming more prominent, particularly in younger school-aged children. The
prevalence of myopia has surged markedly since the elementary school stage.' Currently, the diagnosis of myopia relies
primarily on cycloplegic refraction, which is considered as the “gold standard”.>* Specifically, cycloplegic spherical
equivalent refraction (SER) serves as the best predictor of myopia.* Axial length (AL), a crucial parameter in assessing
ocular development, is easier to measure due to its independence from ciliary muscle regulation. The range of AL
variation exhibits a relatively stable pattern with age but is also closely related to refractive development, making it
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a significant predictor of myopia progression.”’ Consequently, continuous monitoring of AL can evaluate myopia
progression in children and adolescents.® Additionally, numerous cross-sectional and longitudinal studies have indicated
that the ratio of axial length to corneal radius (AL/CR) can be used as a highly accurate standard for diagnosing
myopia.” "

Behavioral factors are instrumental in both the onset and progression of myopia. According to the International
Myopia Institute (IMI) analysis of myopia risk factors, it is widely recognized that outdoor activities, near work are
widely recognized as major contributors to acquired myopia. Moreover, sleep has emerged as a novel and potential risk
factor.'? With the evolving social environment, children’s sleep duration is decreasing, and their sleep rhythms are being
disrupted.'® Variations in sleep patterns and timing are often influenced by age and years of education. For instance,
during infancy, sleep-wake cycles are fluctuating, alternating between brief active phases and extended sleeping hours.
As individuals transition from childhood to adolescence, their sleep preferences shift from being morning-chronotype to
evening-chronotype and the dim light melatonin onset gradually shifts later.'* It is well-recognized that sleep is closely
associated with circadian rhythms, and various Ocular biological parameters exhibit 24-hour rhythmic fluctuations, such
as AL being shortest at night and longest during the day, while the choroid thickness peaks at night and reaches its
minimum during the day.'> From a biological perspective, children’s engagement in outdoor activities during the day can
stimulate dopamine secretion, while retinal melatonin secretion is prevalent in dark environments at night. The regular
interplay between these two hormones constitutes a crucial mechanism for regulating retinal circadian rhythms and
ocular growth.'®!” However, contemporary children’s exposure to electronic devices and light environments may
interfere with the synthesis of retinal dopamine and melatonin, subsequently disrupting ocular circadian rhythms and
ultimately impacting refractive development.'® Furthermore, when sleep deprivation disrupts the circadian rhythm, it
induces phase shifts in the diurnal patterns of axial length and the choroidal daily rhythm, which may also potentially
contribute to the development of myopia.'” These observations suggest that getting sufficient nighttime sleep could
potentially aid in preventing myopia. However, research has yet to confirm whether maintaining sufficient sleep and
a consistent sleep rhythm during the preschool years can reduce the risk of developing myopia after attending elementary
school.

In fact, poor sleep quality,”® short sleep duration,?’ late bedtime** and daytime sleepiness™ were determined to be
correlated with an elevated risk of myopia, despite the preponderance of cross-sectional designs. A prospective cohort
study, which tracked school-aged children over four years, uncovered a negative correlation between sleep duration and
AL in school-aged children, yet this study only assessed sleep duration at a single time point.** Another prospective
cohort study analyzed 12-year trajectories of sleep behavior from childhood to adolescence. Still, the trajectories were
not notably linked to alterations in refractive error, AL, or corneal radius (CR) during young adulthood.”® Remarkably,
previous studies have mostly focused on older children or concentrated on research involving a single age group or time
point and no study has explored the effects of sleep parameters and their trajectories on refractive development and
ocular biometric parameters during the preschool period. To address and bridge this gap in prior research, our current
birth cohort study focuses on emphasizing the effect of sleep parameters and their trajectories during preschool age on
myopia in school-age children. More significantly, we anticipate that the findings of this study will provide a new
perspective for the prevention and control of early-onset myopia in school-aged children, and we call on the entire
society to recognize the importance of early sleep health in children.

Methods

Study Design and Participants

The Ma’anshan Birth Cohort Study (MABC) is an ongoing population-based prospective cohort study that was initiated
between May 2013 and September 2014 in Ma’anshan City, Anhui Province, China. The enrollment procedure has been
previously described in detail.”® An aggregate of 3474 pregnant women were recruited, following the exclusion of 162
adverse pregnancy outcomes and 39 twin births, 3273 singleton live births were included and engaged in annual follow-
up visits. Between July 2022 and January 2024, 2101 children were successfully followed up, representing a follow-up
rate of 64.19%. Of these, 1655 children underwent cycloplegic refraction and ocular biometry. After excluding 5 non-
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singleton live births, 28 children with cycloplegic SER greater than +2.5D, 61 children with incomplete data on sleep
parameters, and 1561 children were finally incorporated into data analysis. The study complies with the Declaration of
Helsinki, and the research protocol received was approved by the Ethics Committee of Anhui Medical University
(No. 20131195) and all participants provided written informed consent.

Sleep Duration, Social Jetlag, and Sleep Habits

Sleep parameters were assessed by self-administered questionnaires completed by parents at the age of 4, 5.5, and 6
years. Three main sleep parameters were carefully examined in this study, which were sleep duration, social jetlag, and
sleep habits.

Sleep Duration

The children’s nighttime sleep duration was obtained by asking “During the past month, how many hours of actual sleep
did your baby get at night?”. According to the WHO guidelines,?’ it is recommended that children aged 4-6 years should
sleep for at least 10 hours per day. Therefore, sleep duration was divided into the sufficient sleep group (=10 h/d) and the
insufficient sleep group (<10 h/d).

Social Jetlag

Social jetlag was determined by calculating the sleep midpoint for weekdays and weekends. The sleep midpoint on
weekdays was calculated as wake-up time minus bedtime on weekdays divided by 2, and the sleep midpoint on weekends
was calculated by subtracting bedtime from wake-up time on weekends and dividing by 2. Social jetlag was then
quantified as the absolute difference between the weekend and weekday sleep midpoints. For example, if a child goes to
bed at 21:00 and wakes up at 7:00 on weekdays, the sleep midpoint is 2:00; on weekends, he goes to bed at 23:00 and
wakes up at 9:00, the sleep midpoint is 4:00; the difference between the two midpoints is 2 hours, which means that
social jetlag is 2 hours. Based on previous studies,?® social jetlag was divided into 1 hour or more and less than 1 hour.

Sleep Habits

Sleep habits were evaluated by applying the Children’s Sleep Habits Questionnaire (CSHQ), a tool meticulously
developed by Owens et al*® and the Chinese version of CSHQ was introduced by Jiang et al and adopted by the
National Health Commission of the People’s Republic of China as a hygienic standard (WS/T 579—2017). The
retrospective questionnaire has become a prevalent method for assessing sleep behaviors in school-aged children. It
consists of 33 items and contains eight key sleep domains: bedtime resistance, sleep onset delay, sleep duration, anxiety
around sleep, night wakings, parasomnias, sleep-disordered breathing, and daytime sleepiness. Each item is scored on
a 3-point Likert scale: rarely or never (0—1 times per week), sometimes (2—4 times per week), usually (5-7 times per
week). The scoring of some items is reversed. Poor sleep habits are indicated by a total CSHQ score above 54.

Cycloplegic Refraction and Ocular Biometry

Children underwent ophthalmologic examination at 6 and 7 years, respectively, and data at 7 years of age was analyzed
as primary data. First, visual acuity, intraocular pressure, and fundus examination were performed, along with a review of
previous examination reports and data, to exclude any contraindications to cycloplegia. For cycloplegia, 4 drops of the
compound tropicamide (comprising 0.5% tropicamide and 0.5% phenylephrine) were instilled in each eye at 10-minute
intervals. After 40 minutes, an assessment was conducted to evaluate the extent of pupil dilation and the pupillary light
reflex. Cycloplegia was considered fully achieved when the pupil diameter reached 6 mm or greater and the pupillary
light reflex was absent. Refraction measurements were ascertained through the utilization of an autorefractor (KR-800;
Topcon, Tokyo, Japan). Prior to the first use on any given day, calibration was required with a simulated eye, and each
eye must undergo measurement at least three times. The maximum tolerable error for cylindrical lens degree is set at
+0.25 diopters (D). The spherical power (S), and cylindrical power (C) were recorded to calculate the cycloplegic
spherical equivalent refraction (SER), where SER = S + 1/2C. Children with SER<-0.5D in the right eye are defined as
myopia. Additionally, ocular biometry, including axial length (AL) and corneal curvature radius (CR), was measured by
an optical biometric instrument (SUOER SW-9000). The AL/CR ratio was subsequently calculated.
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Covariates

In incorporating covariates, we comprehensively considered several factors. Firstly, we included common demographic
variables associated with childhood myopia, such as age, gender, parental myopia, parental educational levels, and family
monthly income. Secondly, common behavioral factors that may concurrently affect myopia and sleep, such as screen
time, outdoor activity time, and secondhand smoke exposure, were also taken into account. Finally, given the specificity
of this study relying on a birth cohort, some maternal and child variables related to childhood vision, such as gestational
week, mode of delivery, and maternal age, were also included in the research.

A directed acyclic graph (DAG, eFigure 1) is employed to detect potential confounders. The covariates ultimately
included children’s age, gender (boy or girl), parental myopia status (none, one parent, or both parents), delivery mode
(vaginal or cesarean section), maternal age (<24 years, 25-27 years, or >28 years), gestational age (=37 weeks or
<37 weeks), monthly household income (<2500 RMB, 2500-4000 RMB, or >4000 RMB), children’s exposure to
secondhand smoke (yes or no), parental education level (<9 years, 9—12 years, or >12 years), daily outdoor activity
time (>2 hours/day or <2 hours/day), daily screen time (>2 hours/day or <2 hours/day). All Socio-demographic
information and behavioral data were collected using an electronic questionnaire, and delivery information was obtained
from medical records.

Statistical Analysis

We adopted a sophisticated group-based trajectory methodology, latent class growth modeling implemented within Mplus
version 8.0, to determine subgroups within our longitudinal sleep data. We tried trajectory groups ranging from one to
four to determine the most fitting trajectory model. The selection of the optimal trajectory model was based on model
information criteria, including the Akaike information criterion (AIC), Bayesian information criteria (BIC), sample size-
adjusted Bayesian information criteria (aBIC), Lo Mendell Rubin likelihood ratio test (LMR-LRT), and Bootstrap
likelihood ratio test (BLRT), with significant values below 0.05, and an entropy value exceeding 0.60. The optimal
trajectories were determined to be a three-classification for sleep duration, a two-classification for sleep habits, and
a three-classification for social jetlag.

Categorical variables were expressed as frequencies and percentages, whereas continuous variables were expressed as
arithmetic mean and standard deviation (SD). Comparisons of myopia rates across demographic characteristics classes
were using the Chi-square tests or Fisher exact tests. To assess and contrast the disparities in normally distributed
continuous variables between children with myopia and non-myopic children, an independent sample #-test was used.
Binary logistic regression analysis was used to examine the associations between sleep parameters and their trajectories
and myopia in school-aged children after adjusting for covariates. We employed generalized linear models to analyze the
correlations between sleep parameters and their trajectories with SER, AL, and AL/CR. Furthermore, a linear mixed
model was undertaken to meticulously assess the correlation between sleep and myopia progression in school-aged
children. All analyses were performed using SPSS software version 23.0 (SPSS Inc, Chicago, IL, USA). Missing data
were populated by employing multiple imputations, and the internal reliability of the imputed data was evaluated using
Cronbach’s coefficient. The data set with the highest Cronbach’s coefficient was selected for further analysis. All
statistical tests were two-sided and significance was set at P<0.05.

Results
Study Participant Characteristics

The sociodemographic characteristics of children and maternal profiles are illustrated in Table 1. A total of 1561 children
were encompassed in the analysis, featuring an average age of 7.93 years (SD: 0.59), among whom 52.6% were boys.
The mean age of children in the myopia group is higher than that of the non-myopia group (P<0.001). The overall
prevalence of myopia in this cohort was 23.5% (367/1561). Notably, 43.3% of the children had one myopic parent, while
only 22.9% had neither parent myopic. Children with both parents being myopic exhibit a significantly higher rate of

myopia (P<0.001). Children who spend less than 2 hours on outdoor activities and more than 2 hours on digital screens
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Table | Demographic Characteristics of the Participants

Variables ALL (n=1561) Myopia P value
No (n=1194) | Yes (n=367)
Children’s age (mean+SD) 7.93+0.59 7.89£0.59 8.08+0.55 <0.001
Gender
Boys 821(52.6%) 624(76.0%) 197(24.0%) 0.634
Girls 740(47.4%) 570(77.0%) 170(23.0%)
Parental myopia
Neither 357(22.9%) 307(86.0%) 50(14.0%) <0.001
One parent 676(43.3%) 536(79.3%) 140(20.7%)
Both parents 528(33.8%) 351(66.5%) 177(33.5%)
Mode of delivery
Vaginal delivery 817(52.3%) 631(77.2%) 186(22.8%) 0.467
Cesarean section 744(47.7%) 563(75.7%) 181(24.3%)
Maternal age (years)
<24 516(33.1%) 408(79.1%) 108(20.9%) 0.125
25~27 586(37.5%) 433(73.9%) 153(26.1%)
228 459(29.4%) 353(76.9%) 106(23.1%)
Gestational weeks
237 1503(96.3%) 1144(76.1%) 359(23.9%) 0.075
<37 58(3.7%) 50(86.2%) 8(13.8%)
Family residence
Town 1230(78.8%) 943(76.7%) 287(23.3%) 0.750
Rural 331(21.2%) 251(75.8%) 80(24.2%)
Monthly household income (RMB)
<2500 434(27.8%) 347(80.0%) 87(20.0%) 0.085
25004000 667(42.7%) 508(76.2%) 159(23.8%)
>4000 460(29.5%) 339(73.7%) 121(26.3%)
Children’s exposure to secondhand smoke
No 590(37.8%) 446(75.6%) 144(24.4%) 0.515
Yes 971(62.2%) 748(77.0%) 223(23.0%)
Maternal years of education (years)
<9 270(17.3%) 212(78.5%) 58(21.5%) 0.614
9-12 352(22.5%) 271(77.0%) 81(23.0%)
>12 939(60.2%) 711(75.7%) 228(24.3%)
Father’s years of education (years)
<9 198(12.7%) 149(75.3%) 49(24.7%) 0.091
9-12 458(29.3%) 367(80.1%) 91(19.9%)
>12 905(58.0%) 678(74.9%) 227(25.1%)
Daily outdoor activity time
22 h/d 630(40.4%) 495(78.6%) 135(21.4%) 0.111
<2 h/d 931(59.6%) 699(75.1%) 232(24.9%)
Daily screen time
22 h/d 787(50.4%) 607(77.1%) 180(22.9%) 0.548
<2 h/d 774(49.6%) 587(75.8%) 187(24.2%)

account for 59.6% and 50.4%, respectively. Nevertheless, no statistically significant difference was observed in the rate
of myopia among children in different groups of outdoor activity or screen time.

Classification of Sleep Parameters Latent Variable Growth Models
Figure 1 presents the trajectories of sleep duration, sleep habits, and social jetlag from 4 to 6 years. The selection of
three-class trajectories for sleep duration, two-class trajectories for sleep duration, and three-class trajectories for social
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Figure | The trajectories of sleep duration, sleep habits, and social jetlag at preschool-age. (A) The trajectories of sleep duration at preschool-age. (B) The trajectories of
sleep habits at preschool-age. (C) The trajectories of social jetlag at preschool-age.

jetlag was made based on their congruity with the data and theoretical interpretation (eTables 1-3). Specifically, in
Figure 1A, the three-class trajectories of sleep duration represented children who reported persistent short sleep duration
(69.1%), declining-increasing sleep duration (3.1%), and persistent long sleep duration (27.8%) at preschool age. In
Figure 1B, the two-class trajectories of sleep habits depicted children with persistent better sleep habits (94.1%) and
persistent poor sleep habits (5.9%) at preschool age. In Figure 1C, the three-class trajectories of social jetlag separately
categorized children into those with persistent low-level social jetlag (82.3%), declining-increasing social jetlag (10.6%),
and increasing-declining social jetlag (7.1%).

Association Between Sleep Parameters and Their Trajectories With Myopia, Myopia
Progression, Cycloplegic SER, AL, or AL/CR in School-Aged Children

After adjusting for age, gender, parental myopia, mode of delivery, maternal age, gestational weeks, family residence,
monthly household income, passive smoking, parental education level, daily outdoor activity time, and daily video screen
time, binary logistical regression analysis revealed that social jetlag of at least 1 hour at age 4 increased the risk of myopia
among school-aged children (RR=1.38, 95% CI: 1.03~1.85; P=0.031; eFigure 2). Likewise, generalized linear models
revealed a negative association between social jetlag of at least 1 hour at age 4 and cycloplegic SER in school-age children
(#=—0.19, 95% CI: —0.34~-0.06; P=0.006; Table 2). As shown in Table 3, Compared to the children with social jetlag of less
than 1 hour, children with social jetlag of at least 1 hour at the age of 4 years were more likely to have a 0.10mm increase in
AL ($=0.12, 95% CI: 0.02~0.21; P=0.023). Insufficient sleep at age 5.5 was a risk factor for AL ($=0.16, 95% CI: 0.07~0.24;
P<0.001). Compared to children with persistent low social jetlag, children with increasing-declining social jetlag are more
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Table 2 The Generalized Linear Models of the Associations of Sleep Parameters and Their
Trajectories With Cycloplegic SER Among School-Aged Children (n=1561)

Sleep Parameters Model | Model 2

p value (95% CI) P value | g Value (95% ClI) | P Value

At the age of 4
Sleep duration

Sufficient Ref. Ref.

Insufficient 0.06 (—0.08~0.20) 0.368 0.05 (-0.08~0.18) 0.467
Sleep habits

Good Ref. Ref.

Poor —0.02 (-0.19~0.14) | 0.769 —0.04 (-0.19~0.11) | 0.582
Social jetlag

<I hour Ref. Ref.

2| hours —0.18 (-0.32~-0.03) | 0.017 —0.19 (-0.34~-0.06) | 0.006

At the age of 5.5
Sleep duration

Sufficient Ref. Ref.

Insufficient —0.05 (-0.17~0.08) | 0.469 —0.05 (-0.17~0.07) | 0.437
Sleep habits

Good Ref. Ref.

Poor —0.03 (-0.17~0.10) | 0.614 0.0l (-0.12~0.13) 0.941
Social jetlag

<I hour Ref. Ref.

2| hours —0.03 (-0.18~0.11) | 0.675 —0.01 (-0.14~0.13) | 0.942

At the age of 6
Sleep duration

Sufficient Ref. Ref.
Insufficient 0.01 (-0.11~0.13) 0.817 0.00 (-0.11~0.12) 0.965
Sleep habits
Good Ref. Ref.
Poor 0.10 (-0.06~0.26) 0.242 0.07 (—0.08~0.23) 0.344
Social jetlag
<I hour Ref. Ref.
2| hours 0.04 (—0.11~0.18) 0.615 0.06 (—0.08~0.20) 0.400
The trajectories of sleep duration
Persistent long sleep duration Ref. Ref.
Declining-increasing sleep duration | —0.27 (-0.71~0.17) | 0.230 —0.24 (—0.66~0.18) | 0.261
Persistent short sleep duration 0.10 (—0.04~0.25) 0.149 0.11 (-0.03~0.25) 0.110
The trajectories of sleep habits
Persistent better sleep habits Ref. Ref.
Persistent poor sleep habits 0.25 (—0.02~0.52) 0.066 0.21 (—-0.05~0.47) 0.109
The trajectories of social jetlag
Persistent low-level social jetlag Ref. Ref.
Declining-increasing social jetlag —0.16 (—0.37~0.04) | 0.117 —0.13 (-0.33~0.07) | 0.191
Increasing-declining social jetlag —0.07 (0.31~0.17) 0.568 —0.09 (—0.33~0.14) | 0.438

Notes: model | was not adjusted for any confounders; model 2 was adjusted for children’s age, gender, parental myopia, mode
of delivery, maternal age, gestational weeks, monthly household income, children’s exposure to secondhand smoke, parental
years of education, daily outdoor activity time, daily screen time.

prone to experiencing AL/CR ratio >3 (RR =1.55, 95% CI: 1.01~2.37; P=0.045; Table 4). Before adjusting for covariates,
there was a significant association between persistent poor sleep habits and AL/CR among school-aged children (RR =0.61,
95% CI: 0.38~0.97; P=0.036; Table 4). However, the associations were not significant after adjusting confounders.
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Table 3 The Generalized Linear Models of the Associations of Sleep Parameters and Their
Trajectories With AL Among School-Aged Children (n=1561)

Sleep Parameters Model | Model 2

p value (95% CI) | P value | f value (95% CI) | P value

At the age of 4
Sleep duration

Sufficient Ref. Ref.

Insufficient —0.08 (—0.18~0.02) | 0.100 —0.08 (—0.18~0.01) | 0.095
Sleep habits

Good Ref. Ref.

Poor 0.02 (-0.09~0.13) 0.741 0.03 (—0.08~0.14) 0.645
Social jetlag

<I hour Ref. Ref.

2| hours 0.11 (0.01~0.21) 0.036 0.12 (0.02~0.21) 0.023

At the age of 5.5
Sleep duration

Sufficient Ref. Ref.

Insufficient 0.15 (0.07~0.24) <0.001 0.16 (0.07~0.24) <0.001
Sleep habits

Good Ref. Ref.

Poor 0.02 (-0.07~0.12) 0.625 —0.01 (-0.10~0.08) | 0.805
Social jetlag

<I hour Ref. Ref.

2| hours 0.04 (—0.06~0.14) 0.479 0.02 (-0.08~0.11) 0.759

At the age of 6
Sleep duration

Sufficient Ref. Ref.
Insufficient 0.002 (—0.06~0.10) | 0.647 0.02 (—0.06~0.10) 0.573
Sleep habits
Good Ref. Ref.
Poor —0.05 (—0.16~0.06) | 0.367 —0.05 (—0.15~0.06) | 0.404
Social —0.03 (—0.13~0.08) | 0.627 —0.04 (-0.14~0.06) | 0.425
The trajectories of sleep duration
Persistent long sleep duration Ref. Ref.
Declining-increasing sleep duration | 0.16 (—0.14~0.47) 0.298 0.15 (—0.14~0.45) 0.308
Persistent short sleep duration —0.02 (—0.12~0.07) | 0.626 —0.03 (—0.13~0.07) | 0.545
The trajectories of sleep habits
Persistent better sleep habits Ref. Ref.
Persistent poor sleep habits —0.02 (-0.21~0.17) | 0.833 —0.01 (—0.20~0.17) | 0.881
The trajectories of social jetlag
Persistent low-level social jetlag Ref. Ref.
Declining-increasing social jetlag 0.13 (-0.01~0.27) 0.063 0.11 (-0.03~0.25) 0.121
Increasing-declining social jetlag 0.01 (—0.15~0.18) 0.871 0.01 (—0.15~0.18) 0.872

Notes: model | was not adjusted for any confounders; model 2 was adjusted for children’s age, gender, parental myopia, mode
of delivery, maternal age, gestational weeks, monthly household income, children’s exposure to secondhand smoke, parental
years of education, daily outdoor activity time, daily screen time.

Association Between Sleep Parameters and Their Trajectories With Myopia

Progression in School-Aged Children
eTable 4 presents the results of the linear mixed models. Poor sleep habits (/=—0.57, 95% CI: —0.94~-0.19; P=0.003) and
higher social jet lag (/=—0.49, 95% CI: —0.80~-0.18; P=0.002) at the age of 4 were negatively associated with SER
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Table 4 The Logistic Regression Models of the Associations of Sleep Parameters and Their

Trajectories With AL/CR Among School-Aged Children (n=1561)

Sleep Parameters Model | Model 2
RR (95% CI) P value | RR (95% CI) P value
At the age of 4
Sleep duration
Sufficient Ref. Ref.
Insufficient 1.04 (0.85~1.27) | 0.706 1.0l (0.79~1.28) | 0.953
Sleep habits
Good Ref. Ref.
Poor 0.87 (0.66~1.14) | 0.295 0.91 (0.69~1.21) | 0519
Social jetlag
<I hour Ref. Ref.
21| hours 1.18 (0.92~1.51) | 0.189 1.24 (0.96~1.60) | 0.100
At the age of 5.5
Sleep duration
Sufficient Ref. Ref.
Insufficient 1.10 (0.89~1.35) | 0.397 1.10 (0.89~1.37) | 0.394
Sleep habits
Good Ref. Ref.
Poor 0.74 (0.83~1.30) | 0.735 1.00 (0.79~1.26) | 0.995
Social jetlag
<I hour Ref. Ref.
2| hours 1.04 (0.81~1.32) | 0.780 0.98 (0.76~1.26) | 0.858
At the age of 6
Sleep duration
Sufficient Ref. Ref.
Insufficient 1.04 (0.85~1.27) | 0.706 1.03 (0.84~1.27) | 0.787
Sleep habits
Good Ref. Ref.
Poor 0.78 (0.59~1.02) | 0.069 0.79 (0.60~1.04) | 0.096
Social jetlag
<I hour Ref. Ref.
2| hours 0.95 (0.74~1.21) | 0.648 0.92 (0.72~1.18) | 0.510
The trajectories of sleep duration
Persistent long sleep duration Ref. Ref.
Declining-increasing sleep duration | 0.86 (0.41~1.79) | 0.680 0.85 (0.40~1.80) | 0.664
Persistent short sleep duration 0.91 (0.72~1.16) | 0.446 0.89 (0.70~1.14) | 0.350
The trajectories of sleep habits
Persistent better sleep habits Ref. Ref.
Persistent poor sleep habits 0.61 (0.38~0.97) | 0.036 0.64 (0.40~1.04) | 0.070
The trajectories of social jetlag
Persistent low-level social jetlag Ref. Ref.
Declining-increasing social jetlag 1.03 (0.74~1.45) | 0.846 0.98 (0.69~1.40) | 0914
Increasing-declining social jetlag 1.53 (1.01~2.30) | 0.043 1.55 (1.01~2.37) | 0.045

Notes: model | was not adjusted for any confounders; model 2 was adjusted for children’s age, gender, parental
myopia, mode of delivery, maternal age, gestational weeks, monthly household income, children’s exposure to second-

hand smoke, parental years of education, daily outdoor activity time, daily screen time.

among school-age children. Similarly, children who exhibit a declining-increasing trajectory of social jetlag were more
prone to be with lower SER (#=-0.49, 95% CI: —0.93~-0.06; P=0.027). However, children with persistent short sleep
duration ($=0.38, 95% CI: 0.07~0.68; P=0.017) and persistent poor sleep habits (=0.67, 95% CI: 0.04~1.31; P=0.038)
tended to have higher SER. Furthermore, both the decreasing-increasing (=0.59, 95% CI: 0.22~0.95; P=0.002) and
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increasing-declining trajectories of social jetlag (#=0.53, 95% CI: 0.07~0.98; P=0.023) were positively associated with
the elongation of AL compared to persistent low-level social jetlag.

Discussion
As far as we are aware, this is the first study that delves into the associations of sleep parameters and their trajectories at preschool
age with indicators of myopia based on a birth cohort study. We hypothesize that adverse sleep characteristics in preschool
children will increase their risk of myopia and related ocular parameter abnormalities after attending elementary school.
Social jet lag, while frequently discussed in adults, is actually not uncommon among preschool children. Through research
and observation, we typically categorize the causes of this phenomenon into three major categories. Firstly, preschool children
are in a critical period of growth and development, and their circadian rhythms and sleep cycles may be more susceptible to
external factors.’® Secondly, the family environment plays a crucial role. Parents may experience social jet lag due to fixed
workdays and rest days, which significantly impacts preschool children. For instance, some parents may stay up late and rise
late on weekend days, while others may travel on those days, both potentially affecting their children’s sleep schedules. Lastly,
peer pressure is increasingly prevalent among younger children. Attending supplementary classes or interest groups on
weekend days can disrupt children’s regular sleep patterns. Our study found that experiencing social jetlag of at least 1 hour
during preschool years elevates the likelihood of developing myopia among school-aged children, and these children tend to
have lower SER and longer AL. Children in the social jetlag increasing-decreasing group were at a higher risk of AL/CR ratio
>3 during school age, compared to those with persistent low social jetlag. In addition, higher social jetlag at the age of 4 and the
declining-increasing or increasing-declining trajectories of social jetlag were also discovered to be linked with myopia
progression. Social jetlag, as a form of circadian rhythm disruption, mainly pertains to the misalignment between an
individual’s natural biological clock on weekends and their weekday routine.®'*** In brief, individuals are required to rise
early on weekdays to meet the demands of time, whereas on weekends or holidays, they tend to stay up late and rise late. This
sudden shift in sleep-wake patterns can disrupt the body’s internal systems, akin to experiencing jet lag from crossing time
zones, albeit induced by social and lifestyle habits rather than physical geographical changes. With the demands of academic

and professional tasks, high social jetlag is becoming more prevalent. Xu et al*?

found that primary school students with
irregular sleep-wake patterns and social jetlag of at least 1 hour were more likely to be at a higher risk of self-reported myopia.
This aligns with our findings. However, studies conducted in Shanghai, China, involving 10,142 school-aged children and
research in India have not found a correlation between social jetlag and myopia.*** These discrepancies may stem from the
fundamental differences in methodological and data between longitudinal and cross-sectional studies. Additionally, the age
ranges of children in each study vary, and not all studies rely on cycloplegic refraction results for myopia diagnosis. Current
research is inconclusive in definitively determining the precise impact of social jetlag on myopia, necessitating further
exploration into its biological mechanism.

Sleep duration stands as one of the most frequently investigated sleep factors in relation to myopia, and its relation-
ship with myopia remains inconclusive. In our study, children with insufficient sleep at 5.5 years old tended to have an
elongation of AL. As we have previously discussed, there is a strong correlation between AL, SER, and the development
of myopia. It can be observed that many studies have yielded results that are similar to those of this study. For instance,

Cai et al*®

discovered that the longer the total daily sleep time, the slower the growth rate of AL. A systematic review
summarizing the relationship between various sleep characteristics and the risk of myopia suggests that adequate sleep
duration may be a protective factor against myopia.>® Further, studies have shown that sleeping for fewer than 7 hours
daily elevates the risk of myopia.>’*® An epidemiological study in Korea also showed a 0.10 D increase in SER for each
additional hour of sleep.?’ Moreover, a study involving 15,136 Chinese children indicated that after adjusting for
confounders, those who slept less than 7 hours per night exhibited a greater risk of developing myopia in comparison
to those who slept for over 9 hours per night.** The Anyang Childhood Eye Study findings revealed a notable link
between sleep duration and the progression of myopia in girls.** Conversely, some studies failed to find an association
between sleep and myopia.”*** Additionally, the results of the Growing Up in Singapore Towards Healthy Outcomes
(GUSTO) birth cohort showed that sleep duration in infancy and the frequency of nighttime awakenings were found to
have no correlation with SER in children aged 3 years.*' This may be attributed to the fact that infants’ and toddlers’
sleep patterns change as they grow older. Once they enter kindergarten, their sleep duration tends to decrease. While the
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correlation between sleep duration and myopia has not been consistently recognized, it is undeniable that adequate sleep
duration is crucial for children’s physical development. Although our study demonstrated that adequate sleep duration at
preschool age positively impacts the prevention of myopia in school-age children, further validation through extensive
research is necessary.

In our study, we found that poor sleep habits at the age of 4 were associated with lower SER on repeated measures.
Persistent poor sleep habit was significantly correlated with AL/CR>3 before adjusting confounders. There are similar
reports suggesting that poor sleep habit play a pivotal role in the elongation of AL,** with a high total CSHQ score
being significantly associated with myopia.”® However, several studies have yielded different results. For instance,
a study in Singapore showed no independent correlation between sleep characteristics in 8-year-old children and
myopia one year later.** Similarly, a study by Li et al** using a CSHQ total score of 45.8 as a threshold found no
significant association between poor sleep habits and myopia. The disparities in findings could potentially stem from
variations in the sleep questionnaire used, as some studies have applied the Pittsburgh Sleep Quality Index.*
Additionally, variations in the countries and age groups studied may account for the differences in the threshold
values for the CSHQ used and the findings across studies. Given the limited evidence currently available, further
exploratory studies are imperative to gain a deeper understanding of the relationship between sleep habits and
myopia.

Conversely, our findings reveal that persistent short sleep duration and persistent poor sleep habits were
associated with higher SER, this contrasts with some of our other observations, primarily because both the two
sleep metrics were categorized based on trajectory grouping. For example, Figure 1 indicates that the persistent short
sleep duration is a relative measure. Moreover, while the persistent poor sleep habits group may appear to have an
overall CHSQ scores of 54 or above, the small percentage of this group could also contribute to the discrepancies in
our results.

The present study possesses the following strengths. Firstly, this is a study conducted based on a birth cohort. It
examines two distinct growth stages, analyzes longitudinal data spanning four years, and explores the relationship
between changes in preschool sleep characteristics and myopia in school-aged children, demonstrating novelty compared
to prior studies. Additionally, by controlling for prenatal risk factors, birth information, genetics, and behavioral factors
related to growth and development, the results of this study exhibit high credibility and can provide recommendations for
myopia prevention and control from a life-course perspective. Secondly, the application of cycloplegic refraction as
a criterion for categorizing myopia and the comprehensive coverage of various ocular biometric indices pertinent to
myopia diagnosis are significant strengths of this study.

It cannot be denied that this study also has certain limitations. Sleep-related details were gathered from parents by
questionnaires, potentially introducing recall bias from non-real-time recording; this bias could be minimized in future
research by employing wrist-worn wearable measurement devices. However, the questionnaire survey has provided us
with an effective means to understand the impact of environmental behavioral factors, such as parental behavior and
lifestyle habits, on children’s sleep patterns. It also facilitates more in-depth exploration of the influence of these factors

on children’s myopia in future research.

Conclusion

In conclusion, the findings of our study demonstrate that high social jetlag during preschool age is independently
associated with myopia in school-aged children. Additionally, sleep insufficiency is linked to the elongation of the axial
length during preschool age. The cultivation of family environment and habits is crucial for improving sleep quality.
Certainly, having a consistent and healthy sleep pattern at preschool age, such as sufficient and stable sleep duration and
low levels of social jet lag, can significantly contribute to preventing myopia. Identifying the risk factors of myopia in
children from the perspective of life course can contribute to advancing prevention and control of myopia to an earlier
stage and implementing precise intervention.
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