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Abstract

Background: Depression in children and adolescents is a rising concern in China. Dietary behavior is a critical determinant of
mental health. Meal timing, the schedule of meal consumption, has been related to several metabolic disorders. However, the
effect of meal timing on mental health is scarce, particularly in children and adolescents who are in a critical period of physical
and psychological development.

Objective: This research examined the relationship between meal timing and depression in children and adolescents in China.

Methods: Children and adolescents from grades one to nine were recruited from 16 districts in Shanghai, China, from January
3rd to January 21st, 2020. Ten schools attended the study. A survey was distributed to the students and their parents to collect the
demographic information and health related information. Depression was measured by the Children's Depression Inventory-short
form (CDI-S). Breakfast consumption was analyzed as a binary outcome. Participants were defined as breakfast consumers if
they never skipped breakfast in the week. They were otherwise defined as breakfast skippers if they skipped breakfast at least
once per week. A similar categorization was applied to analyze food intake proximal to bed. Daily eating window were
calculated using the last food intake time frame - the first food intake time frame. Participants were classified into eating window
less than 10 hours, 10 to 12 hours, and more than 12 hours groups. The logistic regression model was used to compute the odds
ratios (OR) and 95% confidence intervals.

Results: A total of 6874 participants were included in the analysis. Participants who skip breakfast were associated with 2.70
times higher risk of depression (OR=2.70, 95%CI: 2.24-3.26, P<.001). Depression was 1.28 times higher in participants who ate
before bed than participants who never ate before bed (OR= 1.28, 95%CI: 1.08-1.50, P<.001). The risk of depression is 1.37
times higher if the eating time window was shorter than 10 hours (OR= 1.37, 95%CI: 1.08-1.73, P=.009) and 1.23 times higher if
the eating time window was longer than 12 hours (OR= 1.23, 95%CI: 1.01-1.50, P=.042). The lowest risk of depression was
observed at 11.5 hours. Subgroup analysis showed such relationships remained significant in adolescents aged 10 years or older.
In children, only skipping breakfast was associated with higher odds of depression (OR=2.77, 95%CI: 1.94-3.96, P<.001).

Conclusions: Breakfast skipping and eating before bed significantly increase the risk of depression occurrence. The optimal
daily eating window to lower the risk of depression is 11.5 hours in children and adolescents. Daily eating windows longer than
12 hours or shorter than 10 hours are associated with elevated occurrence of depression. Current findings advocate evidence-
based dietary strategies to implement the prevention and treatment of depression in children and adolescents
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Abstract (443 words)

Background
Depression  in  children  and  adolescents  is  a  rising  concern  in  China.  Dietary  behavior  is  a  critical

determinant of mental health. Meal timing, the schedule of meal consumption, has been related to several

metabolic disorders. However, the effect of meal timing on mental health is scarce, particularly in children

and adolescents who are in a critical period of physical and psychological development. 

Objectives
This research examined the relationship between meal timing and depression in children and adolescents

in China. 

Methods
Children and adolescents from grades one to nine were recruited from 16 districts in Shanghai, China,

from January 3rd to  January 21st,  2020.  Ten schools  attended the study.  A survey was distributed to  the

students and their parents to collect demographic and health-related information. Depression was measured by

the Children's Depression Inventory-short form (CDI-S). Breakfast consumption was analyzed as a binary

outcome. Participants were defined as breakfast consumers if they never skipped breakfast in the week. They

were otherwise defined as breakfast  skippers if  they skipped breakfast  at  least  once per week.  A similar

categorization was applied to analyze food intake proximal to bed. Daily eating window were calculated using

the last food intake time frame - the first  food intake time frame. Participants were classified into eating

window less than 10 hours, 10 to 12 hours, and more than 12 hours groups. The logistic regression model was

used to compute the odds ratios (OR) and 95% confidence intervals.

Results
A  total  of  6874  participants  were  included  in  the  analysis.  Participants  who  skip  breakfast  were

associated  with  2.70  times  higher  occurrence  of  depression  (OR=2.70,  95%CI:  2.24-3.26,  P<.001).

Depression was 1.28 times higher in participants who ate before bed than participants who never ate before

bed (OR= 1.28, 95%CI: 1.08-1.50, P<.001). The occurrence of depression is 1.37 times higher if the eating

time window was shorter than 10 hours (OR= 1.37, 95%CI: 1.08-1.73, P=.009) and 1.23 times higher if the

eating time window was longer than 12 hours (OR= 1.23, 95%CI: 1.01-1.50, P=.004). The lowest occurrence

of depression was observed at 11.5 hours. Subgroup analysis showed such relationships remained significant
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in adolescents aged 10 years or older. In children, only skipping breakfast was associated with higher odds of

depression (OR=2.77, 95%CI: 1.94-3.96, P<.001).

Conclusion
Breakfast skipping and eating before bed significantly increase the occurrence of depression occurrence.

The  optimal  daily  eating  window  to  lower  the  occurrence  of  depression  is  11.5  hours  in  children  and

adolescents. Daily eating windows longer than 12 hours or shorter than 10 hours are associated with elevated

occurrence  of  depression.  Current  findings  advocate  evidence-based  dietary  strategies  to  implement  the

prevention and treatment of depression in children and adolescents.

Keywords: Mental health, meal timing, chrononutrition, depression, pediatric, children, adolescent
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Introduction
Mental disorder is a major contributor to Disability-Adjusted Life-Years (DALYs) worldwide, 

accounting for 4.9% of global DALYs and 125.3 million cases Years Lived with Disabilities (YLDs).[1] The 

accelerated socioeconomic development in China has led to a substantial elevation in mental illness incidence.

[2] There has been a growing concern about childhood and adolescents’ psychological health since more than 

half of the first mental illness onset occurs in adolescence.[3] As a key population segment, mental disorders, 

depression, in particular, have become alarmingly ubiquitous in Chinese children and adolescents.[4] 

Psychological health is particularly significant during childhood and adolescence. This pivotal period is 

characterized by rapid growth, hormonal changes, and life-long behavioral establishment, laying the 

foundation for overall health and well-being in adulthood.[5] 

Depression is one of the most prevalent mental illnesses, with approximately 25% of teenagers 

experiencing depression episodes by the age of 19 years.[6] The global prevalence of depressive symptoms 

reaches as high as 21.3 % in children and adolescents.[6] In China, the rate is 17.2% in primary school 

students.[7] However, distinct challenges are faced by individuals with depression in China. The diagnostic 

and treatment rates are low in China, possibly due to limited health services and stigmatization of the disease.

[8] On the other hand, limited treatment options with compromised effectiveness is a major obstacle in 

depression management.[8]

Depressive symptoms in childhood and adolescence commonly persist in adulthood, resulting in life-long

burdens for the individual.[9] More noticeably, severe depression is one of the most prominent risk factors of 

suicide, resulting in devastating consequences.[10] The increased burden of pediatric depression on the 

healthcare system and the unique challenges faced by Chinese individuals are calling for urgent action. Thus, 

diet as one modifiable while prominent driving factor of depression in children and adolescents merits 

scrutiny.[11] 

Dietary behavior is one of the most prominent lifestyle determinants of human health. Diet and nutrition

studies have been centered on qualitative and quantitative aspects for decades. In recent years, the temporal

characteristics of meal consumption have become an emerging field of research. Unhealthy dietary behavior
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may lead to desynchronized circadian rhythms, altering several metabolic and hormonal responses.[12,13]

Meal  timing,  defined  as  the  timing  of  each  meal  and  the  duration  of  the  first  meal  to  the  last  meal

consumption in a day, has been reported to exert a notable effect on human circadian rhythms. [14] Coinciding

meal intake with circadian rhythm, a rising field of research known as chrononutrition, may optimize general

health in human beings.[15,16]

Irregularity of meal timing has been shown to increase the risk of weight gain,[17] metabolic biomarkers,

[18] and unfavorable cardiometabolic outcomes.[19] In children and adolescents, meal timing has been 

associated with insulin resistance.[20] Irregular meal intake time may desynchronize the central and 

peripheral clocks by affecting peripheral organs and glucose and lipid metabolism, which disrupts circadian 

rhythms.[14,21] Circadian misalignment, as a result of irregular food consumption, is associated with several 

mental illnesses, such as mood disorders, anxiety, and depression.[22] A previous study has revealed a 

converse relationship between irregular meal timing and subjective mental health.[23] Although research 

examining the association between meal timing and mental health in children and adolescents is scarce, 

growing speculations on the effect of meal timing on mental conditions, such as depression and anxiety, have 

been proposed.[24]

Another aspect of meal timing is the daily eating window, the span of all food consumption in a day, 

which is linked to the risk of metabolic diseases and certain cancers.[25] The food intake window may 

modulate neurochemistry and neuronal activity, suggesting the potential contribution of the eating window to 

mental health. Nevertheless, the effect of the daily feeding window on mental health outcomes remains 

controversial. [22] Longer fasting night intervals have been related to lower systemic inflammation and better 

metabolic biomarkers [13,18], potentially benefiting mental health. In contrast, researchers have also found an

association between limiting eating time and a higher risk of cognitive impairment in older adults in China.

[26] Therefore, the optimal daily intake window is yet to be explored.

Diet is a prominent yet highly modifiable factor that determines human health. Dietary habits are even 

more critical in childhood and adolescence as they shape life-long lifestyles. Unlike changing meal patterns 

and intakes, adjusting meal timing is highly feasible and generalizable in children and adolescents. 
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Understanding the temporal aspect of dietary behavior in this critical period sheds light on the prevention and 

management of various mental health issues and warrants in-depth discussion. However, there is a paucity of 

evidence about the influence of meal timing on depression in children and adolescents. In addition, meal-

timing interventions for children and adolescents are very limited due to uncertainties in optimal timing and 

duration and potential adverse effects on growth. Therefore, this study attempts to explore the intricate 

relationship between meal timing and depression in children and adolescents.

Methods

Study design

This cross-sectional study recruited children and adolescents in Shanghai, China. Multi-stage clustering 

sampling was used to sample school-aged children and adolescents from 16 districts in Shanghai from January

3rd to January 21st, 2020. Seven districts agreed to participate in the study. One to two schools in each of the 

seven districts were randomly selected and contacted for possible research collaboration. Ten schools agreed 

to participate, covering seven districts in total. A web-based survey was distributed by the designated teachers 

to school-aged children and adolescents online via WeChat. Participants completed the questionnaire online 

via the Wenjuanxing platform (www.wjx.cn). Our research team trained the designated teachers at each 

school regarding research requirements, application, and context before the study. The designated teachers 

and researchers explained and provided assistant when needed throughout the study. The survey contained 

two separate parts for the students and parents. The parental questionnaire collected information about the 

family and the parents themselves, such as the parents' education level and family income, etc. The students’ 

survey collected demographic characteristics, mental health, physical health, and dietary habits of the 

students. The designated teachers and researchers verbally explained the study and consent to the children and

adolescents before distributing the written informed consent to their parents. Parents were allowed and 

encouraged to assist their children, particularly young children, in answering uncertain questions to avoid 

potential recalling bias since young children might have comprehension difficulties or uncertainties regarding 

the questions. The survey also provided a prompt at the beginning to remind the parents to assist younger 
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participants in filling in more accurate answers. Consent was obtained from all participants before the study. 

Ethical approval was obtained from the Shanghai Jiao Tong University School of Medicine (SJUPN-201813).

Participants 

Children and adolescents from grades one to nine were eligible for the study. All students and parents in 

the participating ten schools were invited to attend the study. Individuals with any severe psychiatric 

conditions or physical health issues that impact the accuracy of the reporting, such as severe metabolic 

disorders, dementia, retardation, or any condition that disables them from filling the questionnaire, were 

excluded. A total of 9029 surveys were distributed to participating students. By the end of the collection, 7544

answers were received, corresponding to an 83.6% response rate. After excluding 621 demographic missing 

data (mostly from parental answers) and 49 outliers, a total of 6874 individuals were included in this analysis 

(Figure 1). 

Figure 1. Flow diagram of selecting the study sample from ten participating schools in China.
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JMIR Preprints Li et al

Depression

Depression was measured by the Children's Depression Inventory-short form (CDI-S).[27] The 

questionnaire is widely used and showed high internal consistency (Cronbach's α = 0.75) in the study of 

Chinese children. In this research, depressive symptoms were defined as a score greater than or equal to 7.[28]

Meal timing

Daily eating window was assessed based on multiple questions, including meal timing, whether they 

skipped breakfast, and whether they consumed food before bed. The eating time span was calculated as the 

last food intake time frame - the first food intake time frame. Previous studies showed an eating window of 

less than 10 hours may impair cognitive function [26], while an eating window of less than 12 hours showed 

beneficial outcomes.[29] Therefore, eating window time was grouped into less than 10 hours, 10 to 12 hours, 

and more than 12 hours, with 10 to 12 hours being the reference group in logistic regression analysis.

Breakfast frequency was evaluated using one question: “How often do you consume breakfast in a 

week?” Answers ranged from “none” to “every day.” Participants who skipped breakfast at least once per 

week were categorized into the breakfast-skipper group.[30] Participants who ingested breakfast every day of 

the week were categorized as the breakfast consumer group. Since skipping breakfast has been reported to 

increase depression risks,[31] the breakfast consumer group was the reference group in our logistic regression 

analysis.

Food intake proximal to bedtime was determined based on one question: “How often do you usually 

consume food 2 hours before sleep in a week?” Participants who answered one or more times were classified 

as the eating-before-bed group. Delayed eating time has been related to a higher risk of mental disorders in 

college students.[32] Thus, participants who never eat before bed were the reference group in our logistic 

regression analysis.
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Covariates

Possible covariates, such as age, sex, BMI, family education level, and family income, were assessed 

using the demographic questionnaire of the survey. Age was reported as a continuous variable. BMI was 

calculated using the reported height and weight. Participants choose from <$100,000, $100,000-200,000, 

$200,000-400,000, >$400,000, or refused to answer when answering their family income. Answers for 

education level contained junior high school and below, high school, college/university, and master or higher. 

We also adjusted total caloric intake as one possible covariate since calorie restriction has been related to 

depression.[33] Dietary caloric intake was assessed using a validated Chinese food frequency questionnaire 

for children and adolescents.[34]

Statistical analysis

Continuous variables were assessed for normality using the Shapiro-Wilk Test. Descriptive statistics 

presented normally distributed continuous variables in median and interquartile range (median, Q1-Q3) and 

categorical variables in frequencies and percent distribution (n%). Nonnormally distributed continuous 

variables are presented in medians and interquartile range. Intergroup comparison of the continuous and 

categorical variables was made using the Pearson chi-square test or Student t-test when appropriate. The 

logistic regression model was used to compute the odds ratios (OR) and 95% confidence intervals (CI), 

adjusting covariates. When examining a single aspect of meal timing, other aspects were also adjusted as 

potential confounders since they were reported to influence health outcomes. Restricted cubic splines were 

used to plot and visualize the relation between eating window time and depression. Adolescence is a period of

dramatic physical and psychological change and maturation. Dietary behavior may exert distinct effects on 

children and adolescents due to physiological and psychological differences. Thus, we performed a subgroup 

logistic regression analysis separately on children and adolescents. Children and adolescents were 

distinguished by the age of 10, according to the definition by the World Health Organization.[35] The "rms" 

package in R Software was applied. A p-value of less than 0.05 was considered significant. All statistical 

analyses were two-tailed tests and were performed using R 4.2.2.

https://preprints.jmir.org/preprint/54275 [unpublished, peer-reviewed preprint]
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Results

Study population

A total of 6874 participants were included in the study. The demographic characteristics of the study 

participants are summarized in Table 1. Participants were aged 5 to 17 years old, with a median age of 9 

years. The median BMI was 17.7. A higher proportion of males (51.8%) than females (48.2%) was observed. 

Most participants (32.1%) had a family income of 100,000 to 200,000 CNY. Most parents of the study 

population reported having a college/university degree (58% father, 60.3% mother).

Table 1. Demographic characteristics of study participants according to depression incidence (n=6874).

Overall Depressiona P value

Variables No Yes 

Sample size, (n%)b 6874 (100%) 6012 (87.5%) 862 (12.5%)
Sex, n% .123

  Girls 3316 (48.2%) 2879 (47.9%) 437 (50.7%)

  Boys 3558 (51.8%) 3133 (52.1%) 425 (49.3%)

Age (years), median (Q1, Q3)c 9 (8, 12) 9 (8, 12) 11 (9, 13) <.001
BMI (kg/m2), median (Q1, Q3) 17.7 (15.5, 20.8) 17.5 (15.4, 20.6) 19.0 (16.6, 22.3) <.001
Parental education, n%

  Father <.001

    Middle school or below 801 (11.7%) 668 (11.1%) 133 (15.4%)

    High school 1599 (23.3%) 1367 (22.7%) 232 (26.9%)

    University/College 3989 (58.0%) 3551 (59.1%) 438 (50.8%)

    Mater or higher 456 (6.6%) 404 (6.7%) 52 (6.0%)

    Unknown 29 (0.4%) 22 (0.4%) 7 (0.8%)

  Mother <.001

    Middle school or below 949 (13.8%) 782 (13.0%) 167 (19.4%)

    High school 1481 (21.5%) 1267 (21.1%) 214 (24.8%)

    University/College 4143 (60.3%) 3696 (61.5%) 447 (51.9%)

    Mater or higher 267 (3.9%) 240 (4.0%) 27 (3.1%)

    Unknown 34 (0.5%) 27 (0.4%) 7 (0.8%)

Family income (CNY), n% <.001

  < 100,000 976 (14.2%) 778 (12.9%) 198 (23.0%)

  100,000 to 200,000 2208 (32.1%) 1937 (32.2%) 271 (31.4%)

  > 200,00 to 400,000 2110 (30.7%) 1876 (31.2%) 234 (27.1%)

  > 400,000 911 (13.3%) 821 (13.7%) 90 (10.4%)

  Withhold 669 (9.7%) 600 (10.0%) 69 (8.0%)

Calorie  intake (kcal),  median
(Q1, Q3)

2415(1619, 3425) 2429 (1636, 3424) 2309 (1403, 3454) .06

a Depression: participants are categorized into the depression group if scored greater than or equal to 7 using the Children's Depression Inventory-short form
b N(%): categorical variables are displayed in frequencies and percent distribution (n%).
c Median (Q1, Q3): non-normally distributed continuous variables are presented in medians and interquartile range.
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A total of 88.8% of the study sample ate breakfast every day in a week (Table 2). Most children and 

adolescents ingested food two hours before bed at least once a week (65.4%). The median eating window was 

11.5 hours. 

Table 2. Frequencies of breakfast consumption, eating before bed, and daily eating window time variables 

according to depression incidence

Overall Depressiona P value

Variables No Yes 

Breakfast consumptionb, n%

Consuming breakfast 6106 (88.8%) 5473 (91.0%) 633 (73.4%)

Skipping breakfast 768 (11.2%) 539 (9.0%) 229 (26.6%)

Eating before bedc, n% <.001

No 2376 (34.6%) 2124 (35.3%) 252 (29.2%)

  Yes 4498 (65.4%) 3888 (64.7%) 610 (70.8%)

Daily eating window (hours)d,
median (Q1, Q3)

11.5 (10.5, 12.5) 11.5 (10.5, 11.5) 11.5 (10.5, 11.5) .089

a Depression: participants are categorized into the depression group if scored greater than or equal to 7 using the Children's Depression Inventory-short form

b Breakfast consumption: participants who skipped breakfast at least once per week are categorized into the skipping breakfast group
c Eating before bed: participants eat one or more times before bed are classified as the eating-before-bed group.
d Daily eating window: last food intake time frame - first food intake time frame

Evaluation Outcomes

The finding showed that 12.5% of the study participants screened positive for depressive symptoms. The 

median age of the depression group is 11 years, older than that of the non-depressive group (9 years). A 

higher BMI was observed in the depressive group than in the non-depressive group (19.0 vs. 17.5). More 

parents attended university or college in the non-depressive group than in the depressive group. There is a 

significantly higher rate of children and adolescents skipping breakfast in the depressive group than in the 

non-depressive group (26.6% vs 9%). Participants with depressive symptoms reported a higher proportion of 

eating before bed (70.8% vs 64.7%). 

Three models were used in the logistic regression analysis. Model 1 was the crude model. Model 2 

adjusted for age, sex, BMI, parental education level, and family income. Model 3 was further adjusted for 

caloric intake and different aspects of meal timing. As shown in Table 3, the breakfast skipper group reported 

a 3.67 times higher odds of depression than the breakfast consumer group (OR=3.67, 95%CI: 3.08-4.38, 
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P<.001). The odds of depression remained significantly higher (OR=2.70, 95%CI: 2.24-3.26, P<.001) after 

adjusting for age, sex, BMI, parental education level, family income, caloric intake, eating before bed, and 

eating time window. The eating-before-bed group indicated 1.32 times higher incidence of depression than 

participants who did not consume any food before bed (OR=1.32, 95%CI: 1.13-1.55, P<.001). In model three,

the odds of depression was 1.28 times greater in the eating-before-bed group than in participants who never 

ate before bed (OR= 1.28, 95%CI: 1.08-1.50, P=.004). 

Table 3. Logistic regression analyses of breakfast consumption, eating before bed, and daily eating window in

relation to depression incidence.

Unadjusted
model

OR(95%CI)

P value Model 2a

OR(95%CI)
P value Model 3b

OR(95%CI)
P value

Breakfast consumptionc

  Consuming breakfast Ref. Ref. Ref.

  Skipping breakfast 3.67 (3.08-4.38) <.001 2.83 (2.36-3.40) <.001 2.70 (2.24-3.26) <.001

Eating before bedd

  No Ref. Ref. Ref.

  Yes 1.32 (1.13-1.55) <.001 1.40 (1.19-1.64) <.001 1.28 (1.08-1.50) .004

Eating  window  time
(hours)e

10 to 12 Ref. Ref. Ref.

≤ 10 1.47 (1.18-1.83) .001 1.49 (1.19-1.88) <.001 1.37 (1.08-1.73) .009

≥ 12 1.80 (1.50-2.17) <.001 1.29 (1.06-1.57) .01 1.23 (1.01-1.50) .042

a Model 2 adjusted for age, sex, BMI, parental education level, and family income
b Model 3 adjusted for caloric intake and other aspects of meal timing
c Breakfast consumption: participants who skipped breakfast at least once per week are categorized into the skipping breakfast group
d Eating before bed: participants eat one or more times before bed are classified as the eating-before-bed group.
e Daily eating window: last food intake time frame - first food intake time frame

The occurrence of depression increased 1.47 times when the eating time window was less than 10 hours 

compared to the eating window at 10-12 hours (OR=1.47, 95%CI: 1.18-1.83, P=.001). Similarly, participants 
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who consumed food 12 hours more daily had a 1.8 times higher odds of depression than participants with an 

eating window at 10-12 hours (OR= 1.80, 95%CI: 1.50-2.17, P<.001). In model 3, controlling for age, sex, 

BMI, parental education level, family income, caloric intake, eating before bed, and breakfast eating, the 

depression incidence was 1.37 times higher if the eating time window was less than 10 hours (OR= 1.37, 

95%CI: 1.08-1.73, P=.009) and 1.23 times higher if the eating time window was more than 12 hours (OR= 

1.23, 95%CI: 1.01-1.50, P=.042). Results plotted by the restricted cubic splines illustrated the lowest odds of 

depression at 11.5 hours (Figure 2).

Figure 2. Restricted cubic splines plot of the relation between eating time window time and depression 

incidence. The optimal eating time window was between 11 and 12 hours.

Subgroup analyses further stratified children and adolescent populations (Supplementary Table 1 and 

Table 2). A significantly higher proportion of children consumed breakfast than adolescents (92.3% vs. 

85.1%, P<.001). More children eat before bed than adolescents, with a marginal statistical difference (66.5% 
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vs. 64.3%, P=0.046). Adolescents had a significantly longer eating window than children (11.5 vs. 10.5, 

P<.001)

Supplementary table 2. Frequencies of breakfast consumption, eating before bed, and daily eating window 

time variables according to depression incidence: subgroup analysis stratified by age (children <10 years, 

adolescents 10-19 years)

Overall Population P value

Variables Children
(n=3548)

Adolescents
(n=3326)

Breakfast consumptionb, n% <.001

 Consuming breakfast 6106 (88.8%) 3276 (92.3%) 2830 (85.1%)

 Skipping breakfast 768 (11.2%) 272 (7.7%) 496 (14.9%)

Eating before bedc, n% .046

 No 2376 (34.6%) 1187 (33.5%) 1189 (35.7%)

 Yes 4498 (65.4%) 2361 (66.5%) 2137 (64.3%)

Daily eating window (hours)d, median (Q1, Q3) 11.5 (10.5, 11.5) 10.5 (10.5,11.5) 11.5 (10.5,11.5) <.001

Supplementary table 2. Logistic regression analyses of breakfast consumption, eating before bed, and daily 

eating window in relation to depression incidence: subgroup analysis stratified by age (children <10 years, 

adolescents 10-19 years)

Unadjusted model
OR(95%CI)

P value Model 2a

OR(95%CI)
P value Model 3b

OR(95%CI)
P value

Children (n=3548)

Breakfast consumptionc

 Consuming breakfast Ref. Ref. Ref.

 Skipping breakfast 3.02 (2.15-4.25) <.001 2.77 (1.95-3.93) <.001 2.77 (1.94-3.96) <.001

Eating before bedd

  No Ref. Ref. Ref.

  Yes 1.11 (0.85-1.46) 1.18 (0.896-1.55) .24 1.11 (0.84-1.47) .46

Eating  window  time
(hours)e

10 to 12 Ref. Ref. Ref.
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≤ 10 1.33 (0.92-1.91) .13 0..82 (0.52-1.28) .37 1.30 (0.90-1.90) .17

≥ 12 1.34 (0.87-2.07) .19 1.12 (0.65-1.92) .69 1.13 (0.72-1.77) .60

Adolescents (n=3326)

Breakfast consumptionc

  Consuming breakfast Ref. Ref. Ref.

  Skipping breakfast 3.33 (2.70-4.12) <.001 2.87 (2.31-3.57) <.001 2.69 (2.16-3.35) <.001

Eating before bedd

  No Ref. Ref. Ref.

  Yes 1.51 (1.25-1.84) <.001 1.52 (1.25-1.86) <.001 1.38 (1.12-1.69) .002

Eating  window  time
(hours)e

10 to 12 Ref. Ref. Ref.

≤ 10 1.70 (1.27-2.26) <.001 0.75 (0.61-0.94) .011 1.41 (1.04-1.91) .026

≥ 12 1.49(1.20-1.84) <.001 1.18 (0.85-1.64) .33 1.27 (1.01-1.58) .038

a Model 2 adjusted for age, sex, BMI, parental education level, and family income
b Model 3 adjusted for caloric intake and other aspects of meal timing
c Breakfast consumption: participants who skipped breakfast at least once per week are categorized into the skipping breakfast group
d Eating before bed: participants eat one or more times before bed are classified as the eating-before-bed group.
e Daily eating window: last food intake time frame - first food intake time frame

Subgroup analysis demonstrates the relationships between children and adolescents separately 

(Supplementary Table 2). Skipping breakfast significantly increases the odds of depression in children 

(OR=2.77, 95%:1.94-3.96, P<.001) and adolescents (OR=2.69, 95%:2.16-3.35, P<.001). However, eating 

before bed and eating window time were not associated with the odds of depression in children. In 

adolescents, eating before bed increased the odds of depression by 1.38 times (OR=1.38, 95%:1.12-1.69, 

P=.002). An eating window time less than or equal to 10 hours showed a significantly higher incidence of 

depression (OR=1.41, 95%: 1.04-1.91, P=.026) than an eating window time between 10 and 12 hours. 

Similarly, eating window time longer than or equal to 12 hours is associated with 1.27 times higher odds of 

depression (OR=1.26, 95%:1.01-1.58, P=.038)
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Discussion

There is a growing body of literature evidence of the relationship between dietary behavior and 

depression in younger and older adults.[31,32,36,37] However, no study has explored meal timing and 

depression in children and adolescents to our knowledge. Understanding the impact of meal timing on 

depression is essential for developing effective strategies to promote optimal health in children and 

adolescents. We found skipping breakfast, eating before bed, and prolonged/restricted daily eating windows 

are associated with an increased odds of depression in children and adolescents. Our preliminary findings 

uncovered significant effects of chrononutrition on pediatric mental health, particularly in adolescents.

The most understudied component of meal timing is the eating window time. Currently, only a handful of

studies have examined general eating window time in children and adolescents with high heterogeneity.[38] 

Therefore, the eating window in pediatric health merits scrutiny. The median eating window time in our study 

is 11.5 hours, which is similar to previous studies on children and adolescents (11.3 hours).[38] Allied with 

previous studies that suggest restricting eating window time to 12 hours[29] and advice that 10 hours may be 

more applicable and physically beneficial,[26,39] our results illustrate the occurrence of depression is 

significantly elevated when the eating duration exceeds 12 hours or is shorter than 10 hours. The lowest 

depression incidence is observed at 11.5 hours daily eating window. 

Time-restricted eating/feeding, commonly limiting daily intake window to less than 12 hours without 

restricting total calorie intake,[29] is probably the most studied topic related to eating window time due to its 

promising benefits in promoting metabolic biomarkers and reducing breast cancer risk.[18,39] Thus, some 

researchers have advocated longer fasting nights and restricted day-eating times. In children and adolescents, 

TRE is feasible and effective in managing obesity,[40] implying the potential to improve other health 

outcomes as well. The proposed mechanism involves the metabolism of the ketone body in the brain during 

fast, which up-regulates the brain-derived neurotrophic factors and promotes neuroplasticity.[41] In addition, 
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TRE prevented the elevation of neuroinflammation markers in the brain areas involving mood regulation, 

reducing the risk of depression and anxiety-like behaviors in an animal model.[42]

Nevertheless,  most  studies  examining  TRE  and  mental  health  are  targeting  adult  populations  with

controversial findings.[26,37,42] A study of 883 older Italian adults examined the relationship between meal

timing and cognitive performance. Daily eating duration of less than 10 hours was categorized as the TRE

group.  TRE  and  breakfast  consumption  significantly  lowered  the  risk  of  cognitive  impairment.[43]

Conversely, another study on 1572 Italian older adults only found a significant association between TRE (8

hours or less) and mental health outcomes, including depressive symptoms, perceived stress, and signs of

mental distress.[43] In the Chinese population of 1353 older adults,  TRE of less than 10 hours has been

associated with impaired cognitive function, particularly the orientation and attention/calculation functions.

[26] Yet,  more  pediatric  studies  regarding  TRE  and  mental  health  are  warranted  due  to  the  distinct

physiological and psychological characteristics between the adult and pediatric populations.

Moreover, we found that the omission of breakfast is associated with approximately three times higher

risk of depression in children and adolescents. Breakfast is the first meal following the longest fasting period

of the day, playing a key role in modifying the peripheral clock.[44] The physical health benefits of breakfast

consumption in children and adolescents are concrete. Omission of breakfast is associated with obesity and

overweight  in  children,[45] while  consuming  breakfast  ensures  nutrition  adequacy.[46] Psychologically,

skipping breakfast  is  associated with a  significant  increase in  depression risk,[31] the  result  of  which is

consistent  with  our  study.  Mechanisms  underlying  the  benefits  of  breakfast  remained  uncertain.  Some

proposed  theories  suggest  that  breakfast  consumption  reduces  the  risk  of  psychological  disorders  by

decreasing  the  risk  of  obesity.[31] Additionally,  food groups  commonly  consumed in  breakfast,  such  as

grains, dairy products, and eggs, are rich in micronutrients that are involved in essential neuron functioning.

[31] 

Eating before bed is another aspect of meal timing. In our study population, more than 60% of students

reported consuming food two hours before bed. The depression odds is 1.28 times higher in people who eat

two hours before bed. In line with a previous study on university students, delayed eating, as a result of food

https://preprints.jmir.org/preprint/54275 [unpublished, peer-reviewed preprint]



JMIR Preprints Li et al

intake  before  bed,  is  associated  with  a  substantially  higher  risk  of  mental  health  conditions. [32] Eating

proximal to bedtime has been linked to the accumulation of body fat.[17] In children and adolescents, late and

infrequent meal timing has been reported to be associated with insulin-resistant risk.[20] The speculation of

the  relationship  between  delayed  eating  time  and  depression  is  rational  since  obesity  and  diabetes  are

commonly comorbid with depression. Additionally, eating at three hours before sleep raises the incidence of

nocturnal awakening by 40% in a previous study.[47] Disturbance in sleep has long been linked to depression,

[48] underlying the influence of eating before bed on mental health. 

Meal intake is responsible for regulating the circadian rhythms of the peripheral clocks of the human 

body. The elevation of insulin secretion after food ingestion induces the clock gene regulation pathways, such 

as PI3/AKT.[44] In addition, food intake may modulate the gastrointestinal system, such as gut microbiota 

and enteroendocrine cells, signaling the central nervous system via the gut-brain axis.[49,50] In children and 

adolescents, dietary habits also play as a key determinants of sleep quality and circadian sleep-awake cycles 

by regulating serotonin and melatonin secretions.[51] Disruption of the circadian rhythms, as a result of 

irregular meal timing, impairs mental health by decreasing neuron complexity and executive function.[22] 

Thus, proper meal timing is pivotal in determining mental health. 

Different from the previous studies, we examined the children and adolescent population with a much

larger sample size. Unlike older adults, children and adolescents are at a critical period of physiological and

psychological maturation. Coping and emotional regulation skills are essential and intervenable aspects in

childhood and adolescence.[52] Therefore, the influence of meal timing on mental in children and adolescents

is more prominent and less confounded by age-related physiological and psychological conditions. Moreover,

adolescence, a stage with transformative biological and cognitive growth [41], is subject to dramatic changes

in hormones and neurotransmitters [53]. In a critical stage of brain development and psychological maturation

[54], adolescents demand substantial dietary support and are more vulnerable to dietary influence.[55] The

more prominent effect of meal timing on adolescents than children found in our study is in line with the

previous evidence, showing adolescence is a high risk stage of depression onset. [3]. 
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Research on chrononutrition and psychiatry is still in its infancy. Although the revealed relationship in 

our study may be bidirectional, as a previous study discovered reverse causality between diet and depression,

[56] findings of our research add more information and aspects in the field of chrononutrition. On the other 

hand, we uncovered the different effects of meal timing on mental health between children and adolescents. 

Such difference highlighted the need to develop more stratified dietary and mental health interventions for 

different age groups. Additionally, schools are pivotal for shaping students’ behaviors and may integrate our 

findings into school policies to promote healthy dietary behaviors. Furthermore, information generated from 

this study may guide parents to support and encourage their children to engage in healthy eating practices and 

lower the risk of depression. Moreover, this research provides a novel dietary aspect to discriminate at-risk 

groups of depression and promotes the appropriate allocation of health resources.

Strength and limitations

To our knowledge, this study is the first study examining multiple aspects of meal timing and mental 

health in children and adolescents. We recruited children and adolescents via multistage clustering sampling 

and yielded a large representative sample. In our analysis, several potential covariables were encompassed, 

lowering possible confounding effects. Furthermore, we investigated multiple components of chrononutrition, 

including breakfast consumption, eating proximal to bedtime, and daily eating window. Nevertheless, several 

limitations need to be noted when interpreting this study. The self-reported dietary data is subject to recall 

bias. In addition, children and adolescents are a highly versatile group whose health is influenced by school, 

peers, geography, culture, and family. Therefore, the optimal eating duration may not be generalized to other 

unanalogous populations. The cross-sectional design of this research limits the establishment of causal 

relationships. While the current study suggests a link between meal timing and depression, further 

longitudinal research is needed to establish a causal relationship and determine the long-term effects. 

Conducting longitudinal studies that follow children and adolescents over an extended period can provide 

stronger evidence and help identify other factors that may influence the relationship between chrononutrition 

and mental health outcomes. Moreover, meal timing on weekdays and weekends was not distinguished in this 

study, which may be studied separately in future studies
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Conclusion
Breakfast  skipping  and  eating  before  bed  increases  the  odds  of  depression  by  2.7  and  1.28  times.

Furthermore, daily eating windows longer than 12 hours and shorter than 10 hours substantially raised the

occurrence of  depression by 1.23 and 1.37 times.  Current  findings advocate  evidence-based strategies  to

implement prevention and treatment of depression in children and adolescents.

Acknowledgments
Not applicable

Data Availability
The datasets generated during and/or analyzed during the current  study are not  publicly available due to

privacy requirements and ethical restrictions. Reasonable requests for data access are available by contacting

the corresponding author and submitting application documents.

Disclosure

Use of Artificial Intelligence
Artificial Intelligence was NOT used in any part of this research or article-written process.

Conflicts of Interest
The authors declare that they have no competing interests.

Word count: 3970

https://preprints.jmir.org/preprint/54275 [unpublished, peer-reviewed preprint]



JMIR Preprints Li et al

References

[1] Global, regional, and national burden of 12 mental disorders in 204 countries and territories,
1990–2019:  a  systematic  analysis  for  the  Global  Burden  of  Disease  Study  2019.  Lancet
Psychiatry 2022;9:137–50. https://doi.org/10.1016/S2215-0366(21)00395-3.

[2] Chang X, Gong Q, Li C, Yue W, Yu X, Yao S, et al. Psychiatric disorders in China: strengths
and challenges of contemporary research and clinical services. Psychol Med n.d.;51:1978–91.
https://doi.org/10.1017/S0033291721002816.

[3] Vermani M, Marcus M, Katzman MA. Rates of Detection of Mood and Anxiety Disorders in
Primary  Care:  A Descriptive,  Cross-Sectional  Study.  Prim  Care  Companion  CNS  Disord
2011;13:PCC.10m01013. https://doi.org/10.4088/PCC.10m01013.

[4] Chai J, Xu H, An N, Zhang P,  Liu F,  He S,  et  al.  The Prevalence of Mental Problems for
Chinese  Children  and Adolescents  During  COVID-19 in  China:  A Systematic  Review and
Meta-Analysis. Front Pediatr 2021;9.

[5] Balasundaram  P,  Avulakunta  ID.  Human  Growth  and  Development.  StatPearls  Internet,
StatPearls Publishing; 2023.

[6] Lu B,  Lin  L,  Su X.  Global  burden of  depression  or  depressive  symptoms in  children  and
adolescents:  A  systematic  review  and  meta-analysis.  J  Affect  Disord  2024;354:553–62.
https://doi.org/10.1016/j.jad.2024.03.074.

[7] Xu D-D, Rao W-W, Cao X-L, Wen S-Y, An F-R, Che W-I, et al.  Prevalence of depressive
symptoms in primary school students in China: A systematic review and meta-analysis. J Affect
Disord 2020;268:20–7. https://doi.org/10.1016/j.jad.2020.02.034.

[8] Que J, Lu L, Shi L. Development and challenges of mental health in China. Gen Psychiatry
2019;32:e100053. https://doi.org/10.1136/gpsych-2019-100053.

[9] Weavers B, Heron J, Thapar AK, Stephens A, Lennon J, Jones RB, et al. The antecedents and
outcomes  of  persistent  and  remitting  adolescent  depressive  symptom  trajectories:  a
longitudinal,  population-based  English  study.  Lancet  Psychiatry  2021;8:1053–61.
https://doi.org/10.1016/S2215-0366(21)00281-9.

[10] Bertuccio P, Amerio A, Grande E, La Vecchia C, Costanza A, Aguglia A, et al. Global trends in
youth  suicide  from 1990  to  2020:  an  analysis  of  data  from the  WHO mortality  database.
eClinicalMedicine 2024;70:102506. https://doi.org/10.1016/j.eclinm.2024.102506.

[11] O’Neil  A,  Quirk  SE,  Housden S,  Brennan  SL,  Williams  LJ,  Pasco JA,  et  al.  Relationship
between diet and mental health in children and adolescents: a systematic review. Am J Public
Health 2014;104:e31-42. https://doi.org/10.2105/AJPH.2014.302110.

[12] Poggiogalle E, Jamshed H, Peterson CM. Circadian Regulation of Glucose, Lipid, and Energy
Metabolism  in  Humans.  Metabolism  2018;84:11–27.
https://doi.org/10.1016/j.metabol.2017.11.017.

[13] Chawla S, Beretoulis S, Deere A, Radenkovic D. The Window Matters: A Systematic Review of
Time Restricted Eating Strategies in Relation to Cortisol and Melatonin Secretion. Nutrients
2021;13:2525. https://doi.org/10.3390/nu13082525.

[14] Wehrens SMT, Christou S,  Isherwood C, Middleton B, Gibbs MA, Archer SN, et  al.  Meal
Timing  Regulates  the  Human  Circadian  System.  Curr  Biol  CB  2017;27:1768-1775.e3.
https://doi.org/10.1016/j.cub.2017.04.059.

[15] Henry CJ, Kaur B, Quek RYC. Chrononutrition in the management of diabetes. Nutr Diabetes
2020;10:6. https://doi.org/10.1038/s41387-020-0109-6.

[16] Longo VD, Panda S.  Fasting,  Circadian  Rhythms,  and Time-Restricted Feeding in  Healthy
Lifespan. Cell Metab 2016;23:1048–59. https://doi.org/10.1016/j.cmet.2016.06.001.

[17] McHill  AW, Phillips AJ,  Czeisler CA, Keating L, Yee K, Barger LK, et  al.  Later circadian
timing of food intake is associated with increased body fat. Am J Clin Nutr 2017;106:1213–9.

https://preprints.jmir.org/preprint/54275 [unpublished, peer-reviewed preprint]



JMIR Preprints Li et al

https://doi.org/10.3945/ajcn.117.161588.
[18] Marinac  CR,  Sears  DD,  Natarajan  L,  Gallo  LC,  Breen  CI,  Patterson  RE.  Frequency  and

Circadian Timing of Eating May Influence Biomarkers of Inflammation and Insulin Resistance
Associated  with  Breast  Cancer  Risk.  PLoS  ONE  2015;10:e0136240.
https://doi.org/10.1371/journal.pone.0136240.

[19] St-Onge M-P, Ard J, Baskin ML, Chiuve SE, Johnson HM, Kris-Etherton P, et al. Meal Timing
and Frequency: Implications for Cardiovascular Disease Prevention. Circulation 2017;135:e96–
121. https://doi.org/10.1161/CIR.0000000000000476.

[20] Intemann T, Bogl LH, Hunsberger M, Lauria F, De Henauw S, Molnár D, et al. A Late Meal
Timing Pattern Is Associated with Insulin Resistance in European Children and Adolescents.
Pediatr Diabetes 2024;2024:e6623357. https://doi.org/10.1155/2024/6623357.

[21] Oosterman  JE,  Kalsbeek  A,  la  Fleur  SE,  Belsham  DD.  Impact  of  nutrients  on  circadian
rhythmicity.  Am  J  Physiol  -  Regul  Integr  Comp  Physiol  2015;308:R337–50.
https://doi.org/10.1152/ajpregu.00322.2014.

[22] Codoñer-Franch P, Gombert M, Martínez-Raga J, Cenit MC. Circadian Disruption and Mental
Health: The Chronotherapeutic  Potential  of Microbiome-Based and Dietary Strategies.  Int  J
Mol Sci 2023;24:7579. https://doi.org/10.3390/ijms24087579.

[23] Tahara Y, Makino S, Suiko T, Nagamori Y, Iwai T, Aono M, et al. Association between Irregular
Meal  Timing  and  the  Mental  Health  of  Japanese  Workers.  Nutrients  2021;13:2775.
https://doi.org/10.3390/nu13082775.

[24] Godos J,  Currenti  W, Angelino D,  Mena P,  Castellano S,  Caraci  F,  et  al.  Diet  and Mental
Health: Review of the Recent Updates on Molecular Mechanisms. Antioxidants 2020;9:346.
https://doi.org/10.3390/antiox9040346.

[25] Adafer R, Messaadi W, Meddahi M, Patey A, Haderbache A, Bayen S, et al.  Food Timing,
Circadian  Rhythm  and  Chrononutrition:  A Systematic  Review  of  Time-Restricted  Eating’s
Effects on Human Health. Nutrients 2020;12:3770. https://doi.org/10.3390/nu12123770.

[26] Li J, Li R, Lian X, Han P, Liu Y, Liu C, et al. Time restricted feeding is associated with poor
performance  in  specific  cognitive  domains  of  Suburb-Dwelling  older  Chinese.  Sci  Rep
2023;13:387. https://doi.org/10.1038/s41598-022-23931-1.

[27] Kovacs M. The Children’s Depression, Inventory (CDI). Psychopharmacol Bull 1985;21:995–8.
[28] Guo J, Chen L, Wang X, Liu Y, Chui CHK, He H, et al.  The relationship between Internet

addiction  and  depression  among  migrant  children  and  left-behind  children  in  China.
Cyberpsychology Behav Soc Netw 2012;15:585–90. https://doi.org/10.1089/cyber.2012.0261.

[29] Currenti  W, Godos J, Castellano S, Mogavero MP, Ferri  R, Caraci F, et  al.  Time restricted
feeding  and  mental  health:  a  review  of  possible  mechanisms  on  affective  and  cognitive
disorders.  Int  J  Food  Sci  Nutr  2021;72:723–33.
https://doi.org/10.1080/09637486.2020.1866504.

[30] O’Neil CE, Byrd-Bredbenner C, Hayes D, Jana L, Klinger SE, Stephenson-Martin S. The Role
of  Breakfast  in  Health:  Definition  and  Criteria  for  a  Quality  Breakfast.  J  Acad  Nutr  Diet
2014;114:S8–26. https://doi.org/10.1016/j.jand.2014.08.022.

[31] Zahedi  H,  Djalalinia  S,  Sadeghi  O,  Zare  Garizi  F,  Asayesh  H,  Payab  M,  et  al.  Breakfast
consumption and mental health: a systematic review and meta-analysis of observational studies.
Nutr Neurosci 2022;25:1250–64. https://doi.org/10.1080/1028415X.2020.1853411.

[32] Hamdan M, Badrasawi  M, Zidan S,  Thawabteh R,  Mohtaseb R,  Arqoub KA. Night  eating
syndrome is associated with mental health issues among palestinian undergraduate students-
cross sectional study. J Eat Disord 2023;11:1. https://doi.org/10.1186/s40337-022-00727-2.

[33] Igwe  O,  Sone  M,  Matveychuk  D,  Baker  GB,  Dursun  SM.  A review of  effects  of  calorie
restriction and fasting with potential relevance to depression. Prog Neuropsychopharmacol Biol
Psychiatry 2021;111:110206. https://doi.org/10.1016/j.pnpbp.2020.110206.

[34] Wang W, Chen H, Zhao X, Zhang M, Chen F, Hou D, et al. [Reproducibility and validity of a

https://preprints.jmir.org/preprint/54275 [unpublished, peer-reviewed preprint]



JMIR Preprints Li et al

food frequency questionnaire developed for children and adolescents in Beijing]. Chin J Child
Health Care 2016;24:8-11+29.

[35] The  World  Health  Orgnization.  Adolescent  health  n.d.
https://www.who.int/health-topics/adolescent-health (accessed May 22, 2024).

[36] Kim  W,  Ju  YJ,  Lee  SY.  The  association  between  episodes  of  night  eating  and  levels  of
depression  in  the  general  population.  Int  J  Eat  Disord  2022;55:254–62.
https://doi.org/10.1002/eat.23677.

[37] Currenti W, Godos J, Castellano S, Caruso G, Ferri R, Caraci F, et al. Time-restricted feeding is
associated with mental health in elderly Italian adults. Chronobiol Int 2021;38:1507–16. https://
doi.org/10.1080/07420528.2021.1932998.

[38] Townley J, Northstone K, Hinton EC, Hamilton-Shield J, Searle A, Leary S. Daily Duration of
Eating  for  Children  and  Adolescents:  A Systematic  Review  and  Meta-Analysis.  Nutrients
2024;16:993. https://doi.org/10.3390/nu16070993.

[39] Manoogian ENC, Zadourian A, Lo HC, Gutierrez NR, Shoghi A, Rosander A, et al. Feasibility
of  time-restricted  eating  and impacts  on cardiometabolic  health  in  24-h shift  workers:  The
Healthy  Heroes  randomized  control  trial.  Cell  Metab  2022;34:1442-1456.e7.
https://doi.org/10.1016/j.cmet.2022.08.018.

[40] Vidmar AP, Goran MI, Raymond JK. Time-Limited Eating in Pediatric Patients with Obesity: A
Case Series. J Food Sci Nutr Res 2019;2:236–44. https://doi.org/10.26502/jfsnr.2642-11000022.

[41] Gudden J, Arias Vasquez A, Bloemendaal M. The Effects of Intermittent Fasting on Brain and
Cognitive Function. Nutrients 2021;13:3166. https://doi.org/10.3390/nu13093166.

[42] Guerrero Vargas  NN,  Zárate Mozo  C,  Guzmán Ruiz  MA,  Cárdenas Rivera  A,  Escobar  C.‐ ‐ ‐ ‐
Time restricted  feeding  prevents  depressive like  and  anxiety like  behaviors  in  male  rats‐ ‐ ‐
exposed  to  an  experimental  model  of  shift work.  J  Neurosci  Res  2021;99:604–20.‐
https://doi.org/10.1002/jnr.24741.

[43] Currenti W, Godos J, Castellano S, Caruso G, Ferri R, Caraci F, et al. Association between Time
Restricted Feeding and Cognitive Status in Older Italian Adults. Nutrients 2021;13:191. https://
doi.org/10.3390/nu13010191.

[44] Takahashi M, Tahara Y. Timing of Food/Nutrient Intake and Its Health Benefits. J Nutr Sci
Vitaminol (Tokyo) 2022;68:S2–4. https://doi.org/10.3177/jnsv.68.S2.

[45] Zakrzewski  JK,  Gillison  FB,  Cumming  S,  Church TS,  Katzmarzyk  PT,  Broyles  ST,  et  al.
Associations  between  breakfast  frequency  and  adiposity  indicators  in  children  from  12
countries. Int J Obes Suppl 2015;5:S80–8. https://doi.org/10.1038/ijosup.2015.24.

[46] Barr  SI,  DiFrancesco  L,  Fulgoni  VL.  Breakfast  consumption  is  positively  associated  with
nutrient  adequacy  in  Canadian  children  and  adolescents.  Br  J  Nutr  2014;112:1373–83.
https://doi.org/10.1017/S0007114514002190.

[47] Chung N, Bin YS, Cistulli PA, Chow CM. Does the Proximity of Meals to Bedtime Influence
the Sleep of Young Adults? A Cross-Sectional Survey of University Students. Int J Environ Res
Public Health 2020;17:2677. https://doi.org/10.3390/ijerph17082677.

[48] Fang H, Tu S, Sheng J, Shao A. Depression in sleep disturbance: A review on a bidirectional
relationship,  mechanisms  and  treatment.  J  Cell  Mol  Med  2019;23:2324–32.
https://doi.org/10.1111/jcmm.14170.

[49] Paoli A, Tinsley G, Bianco A, Moro T. The Influence of Meal Frequency and Timing on Health
in Humans: The Role of Fasting. Nutrients 2019;11:719. https://doi.org/10.3390/nu11040719.

[50] Mohd  Azmi  NAS,  Juliana  N,  Mohd  Fahmi  Teng  NI,  Azmani  S,  Das  S,  Effendy  N.
Consequences  of  Circadian  Disruption  in  Shift  Workers  on  Chrononutrition  and  their
Psychosocial  Well-Being.  Int  J  Environ  Res  Public  Health  2020;17:2043.
https://doi.org/10.3390/ijerph17062043.

[51] Calcaterra V, Rossi V, Tagi VM, Baldassarre P, Grazi R, Taranto S, et al. Food Intake and Sleep
Disorders  in  Children  and  Adolescents  with  Obesity.  Nutrients  2023;15:4736.

https://preprints.jmir.org/preprint/54275 [unpublished, peer-reviewed preprint]



JMIR Preprints Li et al

https://doi.org/10.3390/nu15224736.
[52] Compas  BE,  Jaser  SS,  Dunbar  JP,  Watson KH,  Bettis  AH,  Gruhn MA,  et  al.  Coping  and

Emotion  Regulation  from  Childhood  to  Early  Adulthood:  Points  of  Convergence  and
Divergence. Aust J Psychol 2014;66:71–81. https://doi.org/10.1111/ajpy.12043.

[53] Breehl L, Caban O. Physiology, Puberty. StatPearls Internet, StatPearls Publishing; 2023.
[54] Pfeifer JH, Allen NB. Puberty initiates cascading relationships between neurodevelopmental,

social, and internalizing processes across adolescence. Biol Psychiatry 2021;89:99–108. https://
doi.org/10.1016/j.biopsych.2020.09.002.

[55] Norris SA, Frongillo EA, Black MM, Dong Y, Fall C, Lampl M, et al. Nutrition in adolescent
growth and development. Lancet Lond Engl 2022;399:172–84. https://doi.org/10.1016/S0140-
6736(21)01590-7.

[56] Jacka  FN,  Cherbuin  N,  Anstey  KJ,  Butterworth  P.  Does  reverse  causality  explain  the
relationship  between  diet  and  depression?  J  Affect  Disord  2015;175:248–50.
https://doi.org/10.1016/j.jad.2015.01.007.

https://preprints.jmir.org/preprint/54275 [unpublished, peer-reviewed preprint]



JMIR Preprints Li et al

Supplementary Files

https://preprints.jmir.org/preprint/54275 [unpublished, peer-reviewed preprint]



JMIR Preprints Li et al

Untitled.

https://preprints.jmir.org/preprint/54275 [unpublished, peer-reviewed preprint]



JMIR Preprints Li et al

Figures

https://preprints.jmir.org/preprint/54275 [unpublished, peer-reviewed preprint]



JMIR Preprints Li et al

Restricted cubic splines plot of the relation between eating time window time and depression.
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