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Article 
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Artem Polugrudov 1, Sergey Popov 2, Vasily Smirnov 2, Natalya Zueva 2 and Mikhail F. 

Borisenkov 2,*  

1 DNA-Technology. Warsaw highway, 125 Zh, 117587, Moscow, Russia 
2 Institute of Physiology of Federal Research Centre “Komi Science Centre of the Urals Branch of the Russian 

Academy of Sciences”, 50 Pervomaiskaya Str., 167982 Syktyvkar, Russia  
* Correspondence: borisenkov@physiol.komisc.ru (corresponding author) 

Abstract: The study examined eating timing, diet, and the ratio of sleep phases in people with social 
jetlag (SJL). The study involved 83 participants who filled out a questionnaire, and 21 of them took 
part in the study of sleep phases by electroencephalography during the week. SJL was associated 
with a higher incidence rate of eating jetlag, eating phase delays, an increase in calorie intake after 
9 p.m., a decrease in dietary fiber intake for breakfast, and melatonin-containing product 
consumption for dinner. Young people with SJL had a reduction in total sleep and light sleep phase 
duration by 60 and 36 min on work/school days and an increase in total sleep and REM sleep phase 
duration by 66 and 60 min on weekends, respectively. Young people consuming foods with more 
than 4234.5 ng of melatonin for dinner, compared with their peers consuming less than 313.2 ng of 
melatonin, showed a decrease in SJL and sleep debt by 54 and 90 min and an increase in the total 
sleep and the deep sleep phase duration by 66 and 30 min, respectively. Thus, the consumption of 
melatonin-containing foods for dinner is associated with a decrease in circadian misalignment and 
a sleep quality improvement. 

Keywords: eating jetlag; eating window; dietary fibers; melatonin-containing foods; chronotype; 
social jetlag; sleep duration; light sleep phase; deep sleep phase; REM sleep phase 

 

1. Introduction 

The circadian system (CS) plays an important role in ensuring the normal function of the human 
body and adaptation to life in an environment that changes over a period of 24 h [1]. For the normal 
functioning of the CS, it must constantly receive external synchronizing signals for a period of 24 h. 
The main external synchronizing signal for the human CS is the daily rhythm of lighting [2]. 
However, in modern society, a person spends most of his time indoors without access to sunlight and 
also actively uses artificial lighting sources that create "light pollution". In addition, the active use of 
shift work, frequent long-distance flights, and the introduction of time zones led to a mismatch 
between the daily rhythms of social life and lighting. As a result, the synchronizing role of 
illumination in the human CS has significantly decreased [3]. In this regard, there are a number of CS 
function disorders that are characteristic only for modern human: desynchrony caused by shift work 
[4,5], rapid movement through several time zones (jetlag) [4,5], mismatch between the sleep phase on 
work/school days and weekends (social jetlag [SJL]) [6]. SJL has a relatively mild effect on the human 
organism, but this form of circadian misalignment is extremely widespread, mainly among 
schoolchildren and university students. The incidence of SJL in schoolchildren and students varies 
from 40.1 % in Japan [7] to 86.4 % in Russia [8]. In people with SJL, there is a decrease in cognitive 
functions [9], academic performance [10], an increased risk of developing depression [11], obesity 
[12], and cardiovascular diseases [13]. All this indicates that the human CS in modern society requires 
additional external synchronizing signals. 
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The second most important external synchronizing signal for the human CS is the circadian 
rhythm of food intake [14]. The relationship between circadian eating disorders and the risk of obesity 
has been studied in the greatest detail. It has been shown that a shift in the phase of food intake to a 
later time leads to a delay in the phase of the circadian rhythm of melatonin production [15]. Excessive 
shortening [16] and an increase in the "eating window" [17], the shift of the meal phase to a later time 
of day [18,19], as well as irregularity in meal timing [20,21] and food jetlag [19,22] are associated with 
an increase in body mass index (BMI). There are only a few publications devoted to the relationship 
of circadian eating disorders with the psychoemotional state, sleep function, and other functions. 
Irregularity in meal timing is associated with neuroticism, decreased physical activity, sleep quality, 
and subjective health assessment [23], and eating jetlag is associated with increased systolic blood 
pressure and glycemic levels [21]. 

Another important factor that has both a positive and negative impact on the function of the 
human CS is the composition of the food consumed. It is known that the consumption of high-calorie, 
high-fat foods leads to a decrease in the amplitude of the circadian rhythms of the central oscillator 
of the CS [24], which can lead to a mismatch of 24-h rhythms in individual organs and systems 
(internal desynchrony) and an increased risk of various diseases. At the same time, it is known that 
some foods are source of chronobiotics, biologically active substances such as melatonin (MT), which 
have a direct effect on the function of the CS and thus can increase the synchronization of the 
circadian rhythms [25]. Convincing experimental data have now been obtained on the positive effect 
of food MT or its precursor tryptophan on sleep function [26–30], well-being [31], and health [32] in 
young and elderly people.  

Thus, SJL is one of the most common violations of the human CS function in modern society. 
Moreover, this mismatch in the CS is most common among young, socially active people, which 
reduces their ability to adapt to the social environment. Previous studies have not explored meal 
timing and diet disturbances in young people with SJL in sufficient detail. There is also insufficient 
experimental data on the potential possibility of using meal timing and diet modifications to prevent 
SJL and reduce the risk of its negative consequences. Therefore, more research is required to evaluate 
the relationship between meal timing, diet, sleep function, and CS state. Since these functions are 
closely interrelated, the most appropriate model for their study is a comprehensive study of young, 
healthy people in their natural habitat using subjective and non-invasive objective methods  

The present study tests the hypothesis that meal timing, diet, and the consumption of FMT are 
associated with sleep function and the state of the CS. 

2. Materials and Methods 

2.1. Subjects 

The studies were conducted from January to April 2018 in Syktyvkar (61.4°N, 50.5°E) and from 
October 2021 to April 2022 in Moscow (55.4°N, 37.4°E). Students from high schools, workers, and 
unemployed persons (n = 91) were recruited for the study. People with metabolic disorders, shift-
work, acute and chronic inflammatory diseases, who use anti-inflammatory drugs, and with 
inflammation were excluded from the study. Thus, practically healthy persons (n = 83) of both sexes 
(female - 57.8 %) aged 26.7 ± 6.1 yrs were selected to participate in the study.  

2.2. Instruments 

The participants completed a questionnaire, which included personal information (sex, age, 
height, and weight), the Munich ChronoType Questionnaire (MCTQ) [33] for evaluation chronotype 
and social jetlag, the Pittsburgh Sleep Quality Index (PSQI) [34] for evaluation sleep quality, the Beck 
Depression Inventory (BDI) [35] for evaluation depression, the Dutch Eating Behavior Questionnaire 
(DEBQ) [36], the Checklist Individual Strength Questionnaire (CIS) [37] for evaluation subjective 
fatigue, and the Yale Food Addiction Scale (YFAS) [38].  
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2.2.1. MCTQ 

The test contains questions about the time of sleep onset, sleep onset latency, time of awakening, 
the use of an alarm clock, and sleep inertia on weekdays and weekends. Based on these data, the 
following indicators were calculated: chronotype (MSFSC), social jetlag (SJL), average weekly sleep 
duration, and sleep efficiency. The formulas and calculation methods for the characteristics listed 
above were described in Borisenkov et al. [39]. 

SID = (SIDW * [7 - FD] + SIDF * FD) / 7 (1) 

SlE = TiB / SlD × 100 (2) 

MSFSC = MSF – 0.5 * (SIDF – SID) (3) 

SJL = MSF – MSW (4) 

Sleep debt across the week (SlDebt) was calculated as described in Roenneberg et al. [12]:  

if SlD > SlDw : SlDebt  = (SlD – SlDw) * (7 – FD) (5a) 

if SlD ≤ SlDw : SlDebt = (SlD – SlDF) * FD (5b) 

where SlDF: sleep duration on free days; SlDW: sleep duration on weekdays; SlD: average weekly 
sleep duration; TiB: time in bed; FD: number of free days; SlE: sleep efficiency; MSF: mid-point of the 
sleep phase on free days; MSW: mid-point of the sleep phase on weekdays; SJL: social jetlag; and 
MSFSC: mid-point of the sleep phase on free days, adjusted by the sleep debt accumulated on 
weekdays (chronotype). 

2.2.2. PSQI 

To assess sleep quality, we used the Russian version of the PSQI [40]. This test consists of 19 
questions related to sleep quality, including sleep latency, duration, efficiency, disturbance, use of 
sleep medication, and daytime sleepiness for a one-month period. Global PSQI scores range from 0 
to 21 points. In our sample, the scores ranged from 2 to 11, with an overall group M (SD) of 5.5 (2.1). 
According to the test authors, a PSQI score of ≤ 5 indicates good-quality sleep, and a PSQI score of > 
5 indicates poor-quality sleep [34]. 

2.2.3. BDI 

The Beck Depression Inventory was used to assess the psychoemotional state of the study 
participants [35]. The test lists 21 symptoms of depression and their severity, ranging from 0 to 3. The 
sum of the scores, which range from 0 to 63, is used to determine the subject's psychoemotional state. 
In our sample, the scores ranged from 0 to 26, with an overall group M (SD) of 7.7 (5.6). Cronbach’s 
α for this sample was 0.85. 

2.2.4. DEBQ 

The Dutch Eating Behavior Questionnaire was used to assess eating behavior [36]. The 
questionnaire consists of 33 statements and includes three subscales that evaluate three types of 
eating behavior: restraint (DEBQrestr), which consists of 10 items; external (DEBQextern), 10 items; and 
emotional eating (DEBQemo), 13 items. A Likert-type scale ranging from 1 (seldom) to 5 (very often) 
is used. Scores are then summed separately for each subscale and divided by the total number of 
items on that subscale to derive a mean subscale score. Cronbach's α for DEBQ, DEDQrestr, DEBQextern, 
and DEBQemo were 0.81, 0.92, 0.52, and 0.94, respectively. 
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2.2.5. CIS 

The multidimensional checklist individual strength questionnaire (CIS) was used to measure 
chronic fatigue [37]. The CIS consists of 20 statements on fatigue-related problems (fatigue severity, 
concentration, motivation, and activity) respondents might have experienced in the past 2 weeks. The 
items are scored on 7-point Likert scales (1 = "Yes, that is true" to 7 = "No, that is not true"). To assess 
the level of subjective fatigue, the sum of all scores was calculated. Higher scores indicate a higher 
degree of fatigue. In our sample, the scores ranged from 8 to 48, with an overall group M (SD) of 26.1 
(9.9). Cronbach’s α for this sample was 0.90. 

2.2.6. YFAS 

The scale consists of 25 questions and describes seven diagnostic criteria for drug addiction (such 
as tolerance, withdrawal, and loss of control) and clinically significant eating disorders [38]. The 
results of the treatment are presented in the form of (a) a quantitative indicator equal to the sum of 
confirmed symptoms (SC, varying within the range of 0 to 7), and (b) a qualitative indicator 
corresponding to a clinically significant eating disorder in the presence of three or more symptoms 
of FA. Cronbach’s α for this sample was 0.91. 

2.2.7. Dreem2 headband 

The Dreem2 headband (D2H) (France) [41] device is a wireless headband that records five types 
of physiological signals during sleep at home via three types of sensors embedded in the device: (1) 
brain cortical activity via five EEG dry electrodes yielding seven derivations; (2-4) movements, 
position, and breathing frequency via a 3D accelerometer located over the head; and (5) heart rate via 
a red-infrared pulse oximeter located in the frontal band. The following standard sleep variables were 
calculated: time in bed (TiB), as the number of minutes from lights-out to lights-on; total sleep time 
(TST) (min); SlE (%), as TST/TiB×100; sleep onset latency (SOL), as the number of minutes from lights-
out to the first three consecutive epochs of any sleep stage; wake after sleep onset (WASO), as the 
number of minutes awake following the first three consecutive epochs of any sleep stage; and the 
time (min) and percentage of TST spent in each sleep stage (Non-REM: N1, N2, N3, and REM). The 
formulas and calculation methods for the characteristics listed above were described in Arnal et al. 
[42]. In addition, objective MSFsc (oMSFsc) and SJL (oSJL) were calculated using data obtained by 
D2H and formulas (1-4) as described above. Participants were instructed on how to use the D2H. The 
D2H recorded every night for one week. After the study ended, the participant exported their data 
and sent it to the researcher. 

2.2.8. Dietary intake 

An online food diary was used to calculate dietary intake. Study participants were also 
instructed to download the free App "FatSecret" (Russia) [43] on their own smart phones to self-report 
the food type and amount in the App for one week. After one week, the data from the app was 
collected and calculated [44]. The Fat Secret application is a self-reported electronic food diary to 
collect data pertaining to calorie consumption, macronutrients, and the distribution of foods across 
three meal classifications. The classification of food into meals was based on app designations 
(breakfast, lunch, and dinner) over 24-h periods. Food-specific data (e.g., self-reported calories 
consumed and macronutrients based on app designation) from the electronic food diary were 
averaged for each participant: a 24-h work and 24-h non-work day food consumption average was 
calculated for each participant based on app data [44]. From this data, we calculated the following 
variables: (a) average eating window. Eating window was defined as the length between the first and 
the last caloric event (in hours). To calculate the average eating window, first we estimated the eating 
window for weekdays and weekends as follows: Eating window (h) = Timing of the last meal −Timing 
of the first meal; (b) eating midpoint (EM), defined as the middle time point between the first and the 
last meal. This parameter was calculated for weekdays and weekends based on the methodology 
proposed to estimate the midpoint of sleep; (c) eating jetlag. This parameter was defined as the 
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variability of the timing of the eating period and was estimated following the methodology proposed 
to calculate SJL [6]. Accordingly, eating jetlag was calculated in hours as follows: EM on weekends – 
EM on weekdays. Additionally, the variability in the timing of breakfast, lunch, or dinner was 
calculated as follows: Breakfast or lunch or dinner jetlag (h) = Time on weekends − Time on weekdays. 
All analyses were conducted using the absolute value of the estimated eating, breakfast, lunch, or 
dinner jetlag. Also, for daily intake, we calculated the number of eating episodes per day. In order to 
verify consumption during the later hours of the day, we determined the total and the proportion 
(%) of calories consumed after 9 p.m. [22,45].  

2.2.9. Food melatonin intake 

The data in “FatSecret” was used to assess FMT consumption for the day (FMTday) and for dinner 
(FMTdinner) as described in Supplementary Materials. The questionnaire included only products that, 
according to the literature, contain MT, as well as those that are used for food by residents of Russia. 
Descriptive statistics of FMTday and FMTdinner are present in Tables S4 and S5. 

2.3. Statistical analysis 

The SJL was calculated as an absolute value. Participants were divided into three groups 
according to the results of the MCTQ: 1) SJL ≤ 1 h, 2) 1 < SJL ≤ 2 h, and 3) SJL > 2 h. All statistical 
analyses were performed with SPSS version 20.0 (SPSS Inc., Chicago, IL, USA). The data were tested 
for normality using the Shapiro-Wilk test. We conducted a series of one-way ANCOVAs with SJL 
categories (1: “SJL ≤ 1 h”; 2: “1 < SJL ≤ 2 h”; 3: “SJL > 2 h”) specified as the independent variables and 
“General characteristics”, “Sleep pattern”, “Meal timing”, “Total calories and nutrient intake” and 
“ln(FMTday/dinner)”, (log-transformation was performed because the original sample is skewed) 
specified as the dependent variables. We included “sex”, “age”, and “BMI”, as covariates in the 
models (analyses). A Tukey test for post hoc comparisons, a Mann–Whitney U test for independent 
samples, and a Student’s t-test for dependent samples were performed to determine significant 
differences between groups.  

A series of binary logistic regression analyses was performed (for details, see Table 4), in which 
in the first case "fatigue" (codes: low—0, high—1) was used as the dependent variable and sex (0—
females, 1—males), age, BMI, eating window, eating midpoint, and eating jetlag were used as 
independent variables. In the second case, "sleep debt and sleep inertia" (codes: low—0, high—1) 
were used as dependent variables, and "meal timing" was used as an independent variable. A 
stepwise inclusion procedure was used to determine the final set of predictors in the model. The 
goodness of fit was evaluated by the Hosmer-Lemeshow test and Omnibus tests of model coefficients. 
The results were adjusted using the Bonferroni correction for multiple comparisons. Only significant 
factors were included in the final model. 

3. Results 

The study included 83 participants (58 % female; age 26.7 ± 6.1 yrs) (Table 1). The mean 
chronotype and SJL were 4.4 ± 1.1 and 1.4 ± 0.9 h, respectively. Thirty (36 %), 35 (42 %), and 18 (22 %) 
participants were assigned to the SJL ≤ 1 h, 1 < SJL < 2 h, and SJL > 2 h groups, respectively. The group 
with SJL > 2 h was younger (p < 0.002). All participants, regardless of SJL, were of normal weight 
(BMI = 22.6 ± 3.1 kg/m2) and reported similar depression and eating behaviors (external, emotional, 
restraint eating, and food addiction symptoms). The significant effect of SJL on chronotype and 
fatigue level was found (Table 1). Individuals with SJL > 2 h had a significantly later chronotype and 
reported a 1.3-times higher subjective fatigue level than those with SJL < 1 h. 
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Table 1. General characteristics of participants according to SJL group assignment. 

MSFsc: chronotype; SJL: social jetlag; DEBQrestr: restraint eating; DEBQemo: emotional eating; DEBQextern: external 
eating; FA: food addiction; * Differences between three groups were analyzed by ANCOVA, or # one-way 
analysis of variance; a Significant differences between SJL ≤ 1 h and SJL > 2 h groups, p < (0.00–0.05); b Between 
SJL > 2 h and 1 < SJL ≤ 2 h, p < (0.00–0.04); c Between SJL ≤ 1 h and 1 < SJL ≤ 2 h, p < (0.00-0.02), post hoc comparisons, 
Tukey test; Data presented as M ± SD; n: sample size; F: Fisher tests; P: significance of the F-test; η2: effect size. 

The sleep duration on weekdays in people with SJL > 2 h was 1.5 h less than in people with SJL 
< 1 h, which led to the formation of a sleep debt of 2.6 h. On weekends, participants with SJL > 2 h got 
up 118 min later and went to bed 65 min later than people without SJL (Table 2). 

Table 2. Sleep pattern of participants according to SJL group assignment. 

Parameter Total (n=83) 
SJL≤1h 

(n=30) 

1<SJL≤2 h  

(n = 35) 

SJL>2 h 

(n = 18) 
F P* η2 

Male/Female, n/n 35/48 13/17 13/22 9/9    

Age, yrs 26.7±6.1 29.7±5.8a 26.4±6.1b 22.4±3.8 9.78 0.00 0.44 

Weight, kg 65.8±13.9 63.7±12.1 65.2±12.7 70.6±18.1 1.07 0.35 0.07 

Height, cm 170.0±0.1 171.0±0.1 168.0±0.1 172.0±0.1 1.01 0.37 0.13 

BMI, kg/m2 22.6±3.1 21.7±2.2 22.8±3.1 23.7±4.1 2.62 0.08 0.13 

MSFsc, h 4.4±1.1 4.0±0.9 4.2±1.0 5.3±1.0a,b 5.78 0.01 0.28 

SJL, h# 1.4±0.9 0.5±0.3 1.5±0.3c 2.8±0.6a,b 195.24 0.00 0.87 

Depression, scores 7.7±5.6 6.6±5.8 7.8±5.5 9.3±5.1 0.91 0.41 0.11 

Fatigue, scores 26.1±9.9 21.6±7.7 28.2±10.1c 28.6±10.8a 3.19 0.05 0.33 

DEBQrestr , scores 2.2±0.9 2.1±0.9 2.2±0.8 2.2±1.0 0.04 0.96 0.01 

DEBQemo , scores 2.0±0.8 1.9±0.7 2.1±0.9 2.1±0.7 0.24 0.79 0.09 

DEBQextern , scores 3.3±0.5 3.1±0.5 3.4±0.5 3.3±0.6 1.47 0.24 0.15 

FA, symptoms  2.0±1.4 2.0±1.8 2.0±1.0 2.3±0.6 0.07 0.93 0.05 

Parameter 
Total  

(n = 83) 

SJL≤1h 

(n = 30) 

1<SJL≤ 2 h 

(n = 35) 

SJL>2 h 

(n = 18) 
F P* η2 

Waketime weekday, 

hh:mm 
06:58±01:14 07:05±01:17 07:02±01:09 06:20±01:14 0.59 0.56 0.15 

Waketime weekend, 

hh:mm 
08:19±01:33 07:47±01:16 08:53±01:34 09:45±01:42a 4.47 0.02 0.47 

Bedtime weekday, 

hh:mm 
23:56±01:07 23:45±01:11 00:06±01:02 00:34±00:50 0.91 0.41 0.23 

Bedtime weekend, 

hh:mm 
00:20±01:29 23:57±01:14 00:43±01:20 01:25±02:23a 2.54 0.05 0.36 

Sleep duration 

weekday, h 
7.0±1.0 7.3±0.9a 6.9±0.8 5.8±1.3 4.42 0.02 0.42 

Sleep duration 

weekend, h 
8.0±0.9 7.8±1.0 8.2±0.8 8.3±0.9 0.69 0.51 0.20 

Sleep quality, scores 5.5±2.1 5.1±2.1 5.7±2.1 5.6±2.3 0.93 0.40 0.16 

Sleep debt, h 1.0±1.0 0.6±0.6 1.3±0.7c 2.6±1.5a,b 11.76 0.00 0.59 

Sleep latency, min 24.1±21.8 29.8±25.6 14.3±9.3 17.5±9.2 2.12 0.13 0.27 

Sleep inertia, min 14.5±10.0 14.3±11.2 17.0±8.6 10.6±4.3 0.98 0.39 0.10 
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SJL: social jetlag; * Differences between three groups were analyzed by ANCOVA; a Significant differences 
between SJL ≤ 1 h and SJL > 2 h groups, p < (0.00–0.05); b Between SJL > 2 h and 1 < SJL ≤ 2 h, p < (0.00–0.04); c 

Between SJL ≤ 1 h and 1 < SJL ≤ 2 h, p < 0.02, post hoc comparisons, Tukey test; Data presented as M ± SD; n: 
sample size; F: Fisher tests; P: significance of the F-test; η2: effect size. 

3.1. Differences in Meal Timing Between Weekends and Weekdays among SJL Groups 

The average number of eating episodes was 4.9 ± 1.2 and 4.7 ± 1.3 times on weekdays and 
weekends, respectively, and did not depend on the SJL. The meal timing for participants with SJL < 
1 h did not differ on weekdays or weekends. Participants with 1 h < SJL < 2 h had breakfast 52 min 
later on weekends than weekdays (Table 3). Participants with SJL > 2 h had breakfast 54 min later 
and dinner 79 min later on weekends than weekdays (Table 3). However, differences between the SJL 
groups in the breakfast, lunch, and dinner jetlags were not found. The average eating jetlag was 0.8 
± 0.5 h and did not depend on the SJL either.  

The calories intake after 9 p.m. for participants with SJL < 1 h and 1 h < SJL < 2 h did not differ 
on weekdays or weekends. (Table 3). Participants with SJL > 2 h consumed 1.9 times more calories 
after 9 p.m. on weekends than weekdays (Table 3). In the group of SJL > 2 h, the weekly average 
calorie intake after 9 p.m. was 2.2 times more than that of the group SJL < 1 h (20 ± 16 vs. 9 ± 9 % of 
total energy intake; F1,35 = 3.96; p < 0.03; η2 = 0.43), while weekend calorie intake after 9 p.m. was 3.3 
times more than that of the group SJL < 1 h. 

The time from waking up to breakfast did not differ on weekdays and weekends in the groups 
with SJL < 1 h and 1 h < SJL < 2 h. However, in the group with SJL > 2 h, the time from waking up to 
breakfast was reduced from 2 to 0.2 h on weekdays and weekends, respectively (Table 3). It was 
found that participants had dinner for an average of 3.4 h before falling asleep, regardless of the day 
of the week and SJL.  

Eating jetlag was significantly associated with sleep duration (Table 4). Participants who slept 
less than 7 h had the most eating jetlag. 

Table 3. Meal timing of participants with different SJL. 

Sleep efficiency, % 90.2±3.6 89.9±5.6 92.2±2.4 88.3±2.8 0.72 0.48 0.18 

Parameter* 
SJL ≤ 1 h 

(n = 30) 

1 < SJL ≤ 2 h 

(n = 35) 

SJL > 2 h 

(n = 18) 

Number of eating episodes weekday 4.9±1.2 5.1±1.2 4.2±1.1 

Number of eating episodes weekend 4.9±1.5 4.8±1.3 3.9±0.9 

p-value b 0.98 0.45 0.75 

Breakfast weekday, hh:mm 08:39±01:05 08:53±01:14 08:40±00:33 

Breakfast weekend, hh:mm 08:43±01:33 09:45±01:10 09:34±01:01 

p-value b 0.52 0.05 0.04 

Breakfast jetlag, h 1.3±1.0 1.7±1.4 1.1±0.6 

Lunch weekday, hh:mm 14:11±01:09 13:59±01:08 13:33±00:46 

Lunch weekend, hh:mm 14:10±01:05 14:28±00:53 13:59±01:26 

p-value b 0.97 0.22 0.80 

Lunch jetlag, h 1.2±0.8 1.2±1.1 0.6±0.6 

Dinner weekday, hh:mm 20:12±00:57 19:52±01:03 20:19±01:23 

Dinner weekend, hh:mm 19:53±00:58 19:59±01:14 21:38±00:12 

p-value b 0.21 0.66 0.01 

Dinner jetlag, h 0.6±0.6 0.8±0.7 0.9±0.4 

Eating window weekday, h 1.6±0.9 1.8±1.1 1.9±1.6 

Eating window weekend, h 1.2±1.0 1.6±1.0 1.4±0.5 
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SJL: social jetlag; * Differences between three groups were analyzed by ANCOVA; a Significant differences 
between SJL ≤ 1 h and SJL > 2 h groups, p < 0.001, post hoc comparisons, Tukey test; b Paired Student t-tests; Data 
presented as M ± SD. 

Table 4. Association between eating jetlag and sleep duration. 

Parameter 
Sleep duration 

F P* η2 
<7h 7-8h >8h 

Breakfast jetlag, h 2.2±1.4 1.0±0.8 1.3±1.1 1.44 0.27 0.31 

Lunch jetlag, h 1.1±0.8 1.0±1.0 1.4±1.0 0.76 0.49 0.14 

Dinner jetlag, h 0.7±0.6 0.8±0.6 0.5±0.8 1.58 0.24 0.24 

Eating jetlag, h 1.1±0.6a,b 0.6±0.4 0.8±0.5 2.74 0.05 0.57 

Calories after 9 p.m. (% of total EI) 12±11 11±11 11±12 1.80 0.20 0.06 

Eating window, h 1.6±0.9 1.7±0.8 1.5±0.5 0.51 0.61 0.25 

Eating midpoint, h 14.8±0.8 14.4±0.6 14.8±0.7 0.69 0.52 0.31 

Number of eating episodes 4.3±1.2 5.2±1.2 4.8±1.0 0.21 0.82 0.15 

* Differences between three groups were analyzed by ANCOVA; a Significant difference between Sleep duration 
< 7 h and Sleep duration > 8 h groups, p < 0.05; b Between Sleep duration < 7 h and Sleep duration 7-8 h, p < 0.05, 
post hoc comparisons, Tukey test; Data presented as M ± SD; n: sample size; F: Fisher tests; P: significance of the 
F-test; η2: effect size. 

Participants with a late chronotype were found to have more pronounced dinner jetlag (Table 
5). In addition, late and intermediate chronotype participants consumed 2.3 times more calories after 
9 p.m. than early chronotype participants. 

Table 6 shows the logistic regression analyses examining associations between sleep pattern and 
meal timing. After adjusting for age and sex, the sleep debt was positively associated with breakfast 
jetlag and negatively associated with fatigue score and sleep inertia. 
  

p-value b 0.23 0.53 0.16 

Eating midpoint weekday, h 14.6±0.7 14.5±0.9 14.5±0.7 

Eating midpoint weekend, h 14.6±1.0 14.9±0.9 14.4±0.8 

p-value b 0.74 0.10 0.89 

Eating jetlag, h 0.7±0.4 0.9±0.6 1.0±0.7 

Calories after 9 p.m. weekday (% of total EI) 10±11 12±10 12±7 

Calories after 9 p.m. weekend (% of total EI) 7±8 13±17 23±6a 

p-value b 0.23 0.83 0.01 

Time from wake up to breakfast weekday, h 1.3±0.9 1.3±1.5 2.0±0.9 

Time from wake up to breakfast weekend, h 0.7±0.8 0.6±0.6 0.2±0.5 

p-value b 0.12 0.08 0.01 

Time from dinner to sleep weekday, h  3.1±1.5 3.0±1.3 3.6±0.4 

Time from dinner to sleep weekend, h 3.1±1.4 3.8±2.1 3.9±2.9 

p-value b 0.93 0.11 0.76 
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Table 5. Association between eating jetlag and chronotype. 

Parameter 

Chronotype 

F P* η2 Early  

(tertile 1) 

 Intermediate 

(tertile 2) 

Late 

(tertile 3) 

Breakfast jetlag, h 1.5±1.8 1.5±0.7 1.3±1.0 1.26 0.32 0.09 

Lunch jetlag, h 1.0±0.8 0.8±0.6 1.6±1.2 2.56 0.12 0.20 

Dinner jetlag, h 0.6±0.5 0.7±0.6 0.9±0.8a,b 5.13 0.02 0.53 

Eating jetlag, h 0.6±0.5 0.8±0.4 1.0±0.6 0.10 0.91 0.12 

Calories after 9 p.m.  (% of total EI) 6±9 14±10с 14±12a 4.09 0.04 0.47 

Eating window, h 1.8±0.7 1.7±±0.9 1.4±0.7 1.08 0.37 0.30 

Eating midpoint, h 14.6±0.8 14.7± 0.5 14.7±0.7 0.16 0.85 0.09 

Number of eating episodes 4.9±1.3 4.9±1.0 4.7±1.3 0.24 0.79 0.16 

* Differences between three groups were analyzed by ANCOVA; a Significant difference between Early and Late 
groups, p < (0.01–0.05), b Between Late and Intermediate, p < 0.01; c Between Early and Intermediate, p < 0.03, post 

hoc comparisons, Tukey test; Data presented as M ± SD; n: sample size; F: Fisher tests; P: significance of the F-
test; η2: effect size. 

Table 6. Results of binary logistic regression analyses. 

# 
Dependent 

variables 
Predictors B OR 95% CI P* 

Omnibus test 

Hosmer– 

Lemeshow 

test 

χ2 P χ2 P 

1 Fatigue Eating midpoint -0.96 0.39 0.15-1.02 0.05 4.25 0.04 6.01 0.65 
2 Sleep debt Breakfast jetlag 0.71 2.03 0.96-4.29 0.05 4.52 0.03 6.40 0.60 
3 Sleep inertia Eating jetlag -1.93 0.15 0.02-0.90 0.04 5.31 0.02 9.59 0.30 

A series of binary logistic regression analyses were performed in which fatigue, depression, and 
sleep pattern characteristics (see Table 2) were specified as the dependent variables, while age, sex 
(code: 0—female; 1—male), BMI, and meal timing characteristics (see Table 4) were specified as 
independent variables (predictors); a stepwise inclusion of predictors in the model was performed, 
and only significant factors were included in the final model; B: non-standardized regression 
coefficient; OR: odds ratio; CI: confidence interval; * Bonferroni-corrected significance of the 
regression coefficient; models' goodness of fit were tested using Omnibus and Hosmer–Lemeshow 
tests. 

3.2. Differences in Food Intake Between Weekends and Weekdays among SJL Groups 

The participants' average daily energy and macronutrient intake during the week was 2017 ± 
200 kcal, 79.4 ± 10 g protein, 82.2 ± 10 g fat, 230.8 ± 30 g carbohydrates, 12175.8 ± 12296.0 ng/day, and 
4744.9 ± 4214.9 ng/dinner FMT intake. No statistical difference was identified in weekday or weekend 
energy and macronutrient intake in any of the SJL groups (Table 7). 

Breakfast, lunch, and dinner accounted for 25–30 %, 40–45 %, and 30–35 % of the daily energy 
intake, regardless of the day of the week and the SJL (Figure 1). 
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Figure 1. Percentage of daily energy intake for breakfast, lunch, and dinner for participants with 
different SJL. 

Table 7. Total calories and nutrient intake of participants with different SJL. 

* Differences between three groups were analyzed by ANCOVA; Data presented as M ± SD; a Significant 
differences between SJL ≤ 1 h and SJL > 2 h groups, p < (0.04–0.05); c Between SJL ≤ 1 h and 1 < SJL ≤ 2 h, p < (0.00-
0.02), post hoc comparisons, Tukey test; b Paired Student t-tests. 

Dietary fiber intake did not differ between weekdays and weekends in all SJL groups (Table 7). 
However, participants with 1 h < SJL < 2 h and SJL > 2 h consumed less dietary fiber on average per 
week by 18.3 and 15.8 %, respectively, than those with SJL < 1 h (F2,89 = 4.79; p < 0.01; η2 = 0.34). 
Participants with 1 h < SJL < 2 h consumed 15 and 16 % less dietary fiber than those with SJL < 1 h on 
weekdays (p < 0.02) and weekends (p < 0.001), respectively (Table 7). Participants with SJL > 2 h 
consumed 10 and 22 % less dietary fiber than those with SJL < 1 h on weekdays (p < 0.04) and 
weekends (p < 0.05), respectively (Table 7). The average daily decrease in dietary fiber intake in people 
with SJL appeared to be due to a decrease in dietary fiber intake for breakfast (Figure 2). Participants 
with SJL < 1 h consumed 5.3 ± 3.8 g of dietary fiber for breakfast, while those with 1 h < SJL < 2 h, and 
SJL > 2 h consumed 3.3 ± 1.6 and 3.5 ± 1.8 g (p < 0.01) of dietary fiber for breakfast, respectively. 

Melatonin-containing food intake for dinner did not differ between weekdays and weekends in 
groups with SJL < 1 h and 1 h < SJL < 2 h (Table 7). However, food melatonin intake for dinner in the 
SJL > 2 h group was significantly less on weekends than weekdays. At the same time, participants 
with SJL > 2 h consumed 10 and 18 % less FMTdinner than those with SJL < 1 h on weekdays and 
weekends, respectively (Figure 3). 

Parameter* 
SJL ≤1 h 

(n = 30) 

1 < SJL ≤ 2 h 

(n = 35) 

SJL > 2 h 

(n = 18) 

Calories weekday, kcal/day 1987.9±478.3 1804.1±560.8 2005.9±922.8 

Calories weekend, kcal/day 2076.3±504.4 1753.2±655.5 1904.9±961.1 

p-value b 0.16 0.65 0.43 

Protein weekday, kcal/day 79.9±22.3 66.9±25.2 82.5±44.2 

Protein weekend, kcal/day 76.1±26.3 60.6±21.9 84.5±62.1 

p-value b 0.46 0.08 0.74 

Fat weekday, kcal/day 83.1±27.9 72.1±25.6 82.2±35.5 

Fat weekend, kcal/day 83.0±26.3 74.5±33.0 72.1±32.7 

p-value b 0.99 0.45 0.09 

Dietary fiber weekday, g/day 19.1±6.8a,c 16.3±7.4 17.2±3.9 

Dietary fiber weekend, g/day 20.1±8.5a,c 16.8±7.3 15.7±5.8 

p-value b 0.24 0.55 0.85 

Ln(FMTdinner) weekday, ng/dinner 9.4±1.1a 8.8±1.4 8.5±1.6 

Ln(FMTdinner) weekend, ng/dinner 9.6±1.2a,c 8.4±1.7 7.9±1.7 

p-value b 0.69 0.30 0.05 
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Figure 2. Dietary fiber intake for breakfast in participants with different SJL. * Significant differences 
between SJL ≤ 1 h and SJL > 2 h groups, p < (0.02–0.04); ** Between SJL ≤ 1 h and 1 < SJL ≤ 2 h, p < (0.00-
0.05), ANCOVA, post hoc comparisons, Tukey test. 

 

Figure 3. Food melatonin intake for dinner in participants with different SJL. * Significant differences 
between SJL ≤ 1 h and SJL > 2 h groups, p < (0.02–0.04), ANCOVA, post hoc comparisons, Tukey test. 

3.3. Association of SJL and Food Melatonin with Objectively Measured Sleep Characteristics 

Sleep-related physiological signals (EEG, breathing, and heart rate) were monitored using D2H 
in 21 participants (n = 147 measurements). There were no significant differences in the characteristics 
of sleep and sleep-wake rhythm assessed using MCTQ and D2H (Table 8). In this section, we used 
the chronotype (oMSFsc) and SJL (oSJL) evaluated using D2H. 

Table 8. Association between sleep and sleep-wake rhythm characteristics derived from MCTQ and 
D2H. 

Parameter MCTQ (n=21) D2H (n=21) P* r2 

SJL, h 1.01 ± 0.62 0.95 ± 0.73 0.40 0.84# 

Chronotype, h 3.80 ± 0.54 3.39 ± 0.44 0.15 0.84# 

Sleep debt, h 1.63 ± 1.02 1.34 ± 0.99 0.40 0.84# 

Sleep latency, h 0.16 ± 0.12 0.23 ± 0.13 0.09 0.10 

Waketime weekday, hh:mm 06:34± 00:56 06:34 ± 00:58 0.99 0.88# 

Waketime weekend, hh:mm 08:53 ± 01:03 08:45 ± 01:08 0.69 0.72# 

Bedtime weekday, hh:mm 23:47 ± 01:13 00:03 ± 00:55 0.48 0.74# 

Bedtime weekend, hh:mm 00:29 ± 01:08 00:48 ± 01:17 0.45 0.74# 

Sleep duration weekday, h 6.62 ± 1.15 6.23 ± 0.87 0.27 0.71# 

Sleep duration weekend, h 8.15 ± 0.82 7.80 ± 0.56 0.14 0.50# 

Sleep efficiency (average weekly), % 90.5 ± 4.7 91.6 ± 4.2 0.39 0.19 
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Sleep efficiency weekday, % 91.4 ± 4.9 90.8 ± 4.7 0.66 0.30 

Sleep efficiency weekend, % 89.9 ± 5.4 92.4 ± 4.4 0.07 0.03 

MCTQ: the Munich Chronotype Questionnaire; D2H: Dreem2 headband; * - Student's t-test, r2: Pearson's 
correlation coefficient, #p < 0.05. 

Then, the participants were divided into subgroups with oSJL ≤ 1 h (N = 12 participants; n = 84 
measurements) and oSJL > 1 h (N = 9 participants; n = 63 measurements) based on D2H data. 
According to the D2H monitoring, the mean weekly sleep duration was 6.8 ± 0.5 and 6.9 ± 0.6 h/day 
in participants with oSJL > 1 h and oSJL ≤ 1 h, respectively (Table 9). It was found that people with 
oSJL > 1 h slept 1.0 h less than those with oSJL ≤ 1 h on weekdays (p = 0.01), but on weekends, they 
slept 1.1 h more (p = 0.01). In the group of oSJL > 1 h, the average weekly REM sleep phase is 0.5 h 
longer (p = 0.01) than in the group of oSJL ≤ 1 h (Table 9). On work/school days, in the group of oSJL 
> 1 h, total sleep and the light sleep phase duration were 1.0 (p = 0.01) and 0.6 h shorter (p = 0.05) than 
in the group of oSJL ≤ 1 h, respectively. On weekends, total sleep and the REM sleep phase duration 
were 1.1 h (p = 0.01) and 1 h longer (p = 0.001), than in the group of oSJL ≤ 1 h, respectively (Table 9). 
Among other indicators measured using D2H, differences in heart rate during sleep were noted: the 
average weekly heart rate in the group of oSJL > 1 h is 5 bmp higher (p = 0.04) than in their peers from 
the group of oSJL ≤ 1 h. These differences were noted only on work/school days (Table 9). 

Table 9. Sleep pattern of participants monitored using D2H. 

Variables 
oSJL ≤ 1 h  

(N = 12; n = 84) 

oSJL > 1 h  

(N = 9; n = 63) 
F P η2 

Weekly average 

Sleep duration, h 6.8 ± 0.5 6.9 ± 0.6 0.12 0.73 0.08 

Sleep onset duration, h 0.3 ± 0.2 0.3 ± 0.1 0.04 0.85 0.05 

Light sleep duration, h 3.4 ± 0.6 3.1 ± 0.5 1.74 0.20 0.30 

Deep sleep duration, h 1.5 ± 0.4 1.5 ± 0.4 0.02 0.90 0.03 

REM sleep duration, h 1.8 ± 0.3 2.3 ± 0.5a 7.64 0.01 0.55 

Wake after sleep onset duration, h 0.2 ± 0.2 0.2 ± 0.2 0.04 0.84 0.05 

Number of awakening  2.9 ± 2.5 2.3 ± 1.3 0.42 0.53 0.15 

Position changes  23.4 ± 10.8 18.5 ± 6.7 1.53 0.23 0.11 

Mean heart rate, bpm 57.8 ± 5.2 62.8 ± 5.0a 4.67 0.04 0.45 

Mean respiration, cpm 15.4 ± 1.4 16.0 ± 2.1 0.56 0.46 0.17 

Sleep efficiency, % 90.7 ± 5.4 92.7 ± 1.8 1.12 0.30 0.24 

Weekday 

Sleep duration, h 6.6 ± 0.7a 5.6 ± 0.8 7.60 0.01 0.54 

Sleep onset duration, h 0.3 ± 0.2 0.3 ± 0.2 0.00 0.96 0.01 

Light sleep duration, h 3.2 ± 0.6a 2.6 ± 0.7 4.29 0.05 0.44 

Deep sleep duration, h 1.5 ± 0.4 1.5 ± 0.4 0.06 0.81 0.06 

REM sleep duration, h 1.7 ± 0.3 1.7 ± 0.4 0.04 0.85 0.05 

Wake after sleep onset duration, h 0.1 ± 0.1 0.2 ± 0.3 0.63 0.44 0.18 

Number of awakening  2.5 ± 1.9 2.2 ± 1.3 0.15 0.70 0.09 

Position changes  21.8 ± 11.1 18.4 ± 4.2 0.76 0.40 0.02 

Mean heart rate, bpm 57.3 ± 4.9 63.1 ± 4.9a 6.98 0.02 0.53 

Mean respiration, cpm 15.4 ± 1.5 16.0 ± 2.1 0.53 0.47 0.17 

Sleep efficiency, % 90.0 ± 5.9 91.8 ± 2.6 0.73 0.40 0.20 
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D2H: Dreem2 headband; oSJL: social jetlag measured by D2H; REM: rapid eye movements; N: number of 
participants; n: number of measurements; a Differences between two groups were analyzed by ANCOVA 
(average values of indicators for each participant were used the analyses); Data presented as M ± SD. F: Fisher 
tests; P: significance of F-test; η2: effect size. 

The relationship of the sleep function characteristics estimated using D2H with the FMT 
consumption for dinner was noted (Table 10). In the group of persons with a consumption of FMTdinner 
≥ 4234.5 ng/dinner (tertile 3), compared with their peers from the group with a consumption of 
FMTdinner ≤ 313.2 ng/dinner (tertile 1), there was a decrease in the level of oSJL and sleep debt by 0.9 
and 1.5 h, respectively. In addition, there was an increase in average weekly sleep duration and deep 
sleep phase by 1.1 and 0.5 h, respectively (Table 10). Moreover, the consumption of melatonin for 
dinner had a positive effect only on sleep characteristics during work/school days. Individuals from 
the group with the highest FMTdinner consumption, compared with their peers from the group with 
the lowest FMTdinner consumption, had an increase in total sleep, the light and deep sleep phase 
durations by 1.7, 1.1, and 0.6 h, respectively, on work/school days. At the same time, there was no 
significant association between sleep characteristics and the consumption of MT-containing products 
on weekends (Table 10). 

Table 10. Association of sleep and sleep-wake rhythm characteristics derived from D2H with 
consumption of melatonin-containing food. 

Weekend 

Sleep duration, h 7.0 ± 0.8 8.1 ± 0.1a 8.79 0.01 0.57 

Sleep onset duration, h 0.2 ± 0.2 0.2 ± 0.1 0.12 0.74 0.08 

Light sleep duration, h 3.7 ± 0.9 3.6 ± 0.4 0.05 0.82 0.05 

Deep sleep duration, h 1.5 ± 0.5 1.5 ± 0.5 0.00 0.99 0.00 

REM sleep duration, h 1.9 ± 0.5 2.9 ± 0.7a  11.89 0.00 0.63 

Wake after sleep onset duration, h 0.3 ± 0.4 0.1 ± 0.1 0.89 0.36 0.22 

Number of awakening  3.3 ± 3.4 2.4 ± 1.9 0.48 0.50 0.16 

Position changes  25.1 ± 12.4 18.6 ± 11.0 1.62 0.22 0.15 

Mean heart rate, bpm 58.3 ± 6.2 62.4 ± 5.8 2.29 0.15 0.34 

Mean respiration, cpm 15.4 ± 1.4 15.9 ± 2.1 0.56 0.46 0.17 

Sleep efficiency, % 91.4 ± 5.6 93.6 ± 1.9 1.19 0.29 0.25 

Variables 

 

Ln(FMTdinner), ng/dinner 

F P η2 Low& 

(tertile 1) 

Average 

(tertile 2) 

High 

(tertile 3) 

Weekly average 

oMSFsc, hh:mm 03:12 ± 00:21 03:35 ± 00:17 03:33 ± 00:14 2.66 0.11 0.67 

oSJL, h 1.4 ± 0.3a,b 0.6 ± 0.2 0.5 ± 0.2 14.15 0.00 0.98 

Sleep debt, h 2.3 ± 0.5a 1.1 ± 0.4 0.8 ± 0.3 7.68 0.01 0.84 

Sleep duration, h 6.0 ± 0.3 6.8 ± 0.5 7.1 ± 0.6a 4.94 0.02 0.76 

Sleep latency, h 0.2 ± 0.1 0.2 ± 0.1 0.3 ± 0.2 0.89 0.43 0.09 

Light sleep duration, h 3.1 ± 0.3 3.6 ± 0.4 3.5 ± 0.6 1.37 0.29 0.52 

Deep sleep duration, h 1.1 ± 0.2 1.6 ± 0.5 1.6 ± 0.2a 3.77 0.05 0.75 

REM sleep duration, h 2.3 ± 0.5 1.8 ± 0.3 2.0 ± 0.3 3.04 0.08 0.64 

WASO, h 0.2 ± 0.1 0.1 ± 0.1 0.4 ± 0.3 2.90 0.09 0.14 

Number of awakening 2.8 ± 0.7 2.4 ± 0.8 3.4 ± 0.8 2.80 0.08 0.21 

Position changes  26.0 ± 6.8 25.5 ± 9.9 21.0 ± 6.7 0.76 0.49 0.20 
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D2H: Dreem2 headband; Ln(FMTdinner): log-transformed food melatonin consumption for dinner; oMSFsc: 
chronotype measured by D2H; oSJL: social jetlag measured by D2H; REM: rapid eye movements; WASO: wake 
after sleep onset; & N = 7 participants; n = 49 measurements in each group; * Differences between three groups 
were analyzed by ANOVA (average values of indicators for each participant were used the analyses); a 
Significant differences between Low and High groups, p < (0.00–0.05); b Between Low and Average, p < (0.00–
0.05), post hoc comparisons, Tukey test; Data presented as M ± SD. F: Fisher tests; P: significance of F-test; η2: 
effect size. 

4. Discussion 

The study showed that circadian eating disorders (such as food jetlag and delay in the phase of 
meal timing), as well as an increase in calorie intake after 9 p.m., were most often observed in young 
people with short sleep, late chronotype, and SJL. We have also shown that in people with SJL, there 
is a decrease in the intake of foods rich in dietary fiber and MT. Previously, numerous studies have 
noted the negative effects of SJL. It has been shown that people with a late chronotype and SJL skip 
breakfast more often [22,46], consume more high-calorie, fiber-poor foods [22], consume the main 
part of the daily diet for dinner [47], and have more pronounced eating jetlag [48]. 

In this study, we noted an inverse relationship between SJL and FMTdinner. To assess the 
consumption of MT-containing foods, we asked participants to fill out an online food diary for a 
week, in which they indicated all the foods eaten during the day and for dinner, as well as the size of 

Mean heart rate, bpm 63.3 ± 5.7 56.8 ± 4.9 60.6 ± 4.8 1.92 0.18 0.48 

Mean respiration, cpm 16.2 ± 0.7 15.3 ± 1.0 15.4 ± 1.3 0.91 0.43 0.43 

Sleep efficiency, % 90.6 ± 4.3 94.0 ± 1.1 87.6 ± 6.3 2.59 0.11 0.02 

Weekdays 

Sleep duration, h 5.1 ± 0.5 6.6 ± 0.6 6.8 ± 0.3a 3.69 0.05 0.71 

Sleep latency, h 0.2 ± 0.1 0.2 ± 0.1 0.3 ± 0.2 0.73 0.50 0.24 

Light sleep duration, h 2.3 ± 0.3 3.1 ± 0.9 3.4 ± 0.6a 3.00 0.05 0.64 

Deep sleep duration, h 1.2 ± 0.2 1.7 ± 0.4 1.8 ± 0.3a 4.89 0.02 0.80 

REM sleep duration, h 1.7 ± 0.5 1.7 ± 0.3 1.7 ± 0.4 0.06 0.94 0.02 

WASO, h 0.1 ± 0.0 0.1 ± 0.1 0.3 ± 0.3 1.42 0.27 0.35 

Number of awakening 1.3 ± 0.1 2.1 ± 1.2 3.3 ± 2.1 2.35 0.13 0.46 

Position changes  18.3 ± 3.0 26.8 ± 12.2 18.2 ± 8.1 1.69 0.22 0.25 

Mean heart rate, bpm 61.8 ± 7.9 57.5 ± 6.3 60.2 ± 5.3 0.56 0.58 0.27 

Mean respiration, cpm 16.1 ± 2.1 15.7 ± 1.5 15.2 ± 2.2 0.29 0.75 0.18 

Sleep efficiency, % 89.5 ± 7.9 92.1 ± 3.2 89.6 ± 7.2 0.28 0.76 0.12 

Weekends 

Sleep duration, h 7.0 ± 0.9 7.0 ± 0.9 7.4 ± 1.1 0.42 0.67 0.15 

Sleep latency, h 0.3 ± 0.1 0.2 ± 0.1 0.2 ± 0.1 0.78 0.48 0.25 

Light sleep duration, h 3.0 ± 0.4 3.4 ± 1.0 3.6 ± 0.9 0.35 0.71 0.04 

Deep sleep duration, h 1.1 ± 0.4 1.5 ± 0.7 1.5 ± 0.4 1.08 0.37 0.47 

REM sleep duration, h 3.0 ± 0.7 1.9 ± .0.4 2.4 ± 0.6 3.46 0.06 0.66 

WASO, h 0.3 ± 0.2 0.0 ± 0.0 0.4 ± 0.4 2.01 0.17 0.12 

Number of awakening 4.4 ± 1.5 2.7 ± 0.6 3.3 ± 2.1 2.80 0.08 0.21 

Position changes  33.6 ± 11.9 24.1 ± 13.5 23.9 ± 10.5 1.00 0.40 0.45 

Mean heart rate, bpm 64.9 ± 6.9 56.1 ± 6.4 59.9 ± 4.5 2.60 0.11 0.61 

Mean respiration, cpm 16.3 ± 1.6 14.8 ± 2.2 15.4 ± 1.7 0.70 0.52 0.36 

Sleep efficiency, % 91.8 ± 4.3 95.8 ± 1.6 87.2 ± 8.6 2.75 0.10 0.02 
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the portion. The SJL value was assessed by MCTQ as well as using D2H-derived objective data on 
the sleep phases’ duration throughout the calendar week. The results obtained in the present study 
closely correspond to the theoretical expectations based on the mechanism of MT action on CS 
function. It is known that the risk of developing SJL is due to a combination of two main external and 
internal factors: (1) a biologically determined delay in the phase of the sleep-wake rhythm, steadily 
increasing from 10 to 20 yrs of age [49], and (2) the need to get up early in the morning in order not 
to be late for work/school. Both of these factors are most pronounced in young, socially active people. 
That is why SJL is most often observed in young students [8]. From a physiological point of view, SJL 
can be regarded as a periodic weekly change in the time of the onset of the mid-sleep phase due to a 
decrease in sleep duration during the work/school days and its compensatory increase on weekends. 
Therefore, potentially effective means of preventing SJL should increase the total sleep duration due 
to earlier falling asleep on work/school days. MT pills, used in the evening before going to bed, 
increasing drowsiness and speeding up falling asleep [25]. The data obtained in this study on the 
relationship between SJL and FMTdinner are completely consistent with the mechanism of action of MT 
on sleep function.  

We have shown that young people who consume a large amount of MT-containing food for 
dinner (FMTdinner ≥ 4234.5 ng/dinner) on work/school days have an increase in sleep duration of 1 h, 
mainly due to light and deep sleep phases. These data are consistent with the results presented in 
Duffy et al. [50]. The authors showed that in older people (>55 yrs), high-dose MT intake (5 mg) 
significantly increased sleep efficiency during biological night, mainly by increasing the duration of 
Stage 2 non-REM sleep and slightly shortening awakenings. Moreover, this effect was weakly 
expressed at a dose of 3 mg [50]. Based on this, it can be assumed that the consumption of foods 
containing MT ≥ 4234.5 ng for dinner creates an effective dose equivalent to 5 mg of 
pharmacologically pure MT. Previously, it was shown [32] that an order of magnitude lower 
concentrations of MT consumed with food have biological effect similar to those observed when 
taking high pharmacological doses of the drug. Perhaps this difference in the effectiveness of the 
action of MT of different origins is due to the fact that MT contained in food products has a chronic 
effect on humans since human food preferences are quite stable and therefore a person, as a rule, 
consumes approximately the same set of products for many days. It is also possible that, in addition 
to MT, the products contain other chronobiotics, whose effects we did not take into account in this 
study. In particular, it is known that in addition to MT, cherry juice contains a significant amount of 
tryptophan, a precursor of serotonin and MT [30]. 

The presented data indicate that not only the total sleep duration but also the ratio of sleep 
phases changes in people with SJL during the calendar week. During the work/school days, there is 
a shortening of total sleep duration mainly due to light and deep phases of sleep, that is, non-REM 
sleep phases, and on weekends, an increase in sleep duration occurs mainly due to REM sleep phases. 
Despite the fact that the average weekly sleep duration in persons with and without SJL does not 
differ, the structure of sleep phases in persons with SJL changes significantly, so an increase in sleep 
duration on weekends cannot be regarded as compensatory. From a physiological point of view, non-
REM and REM sleep phases are fundamentally different. During the non-REM phase of sleep, the 
metabolic activity of brain cells decreases, the size of the cells decreases, and the volume of the 
intercellular space increases. All these functional and morphological changes facilitate the work of 
the glymphatic system of the brain, which ensures the removal of toxins accumulated during the day 
[51,52]. Whereas during the REM sleep phase, the metabolic activity of brain cells increases, their size 
increases, the volume of the intercellular space decreases, and the temperature of the brain increases 
[52–54], which interferes with the functioning of the glymphatic system. Therefore, the decrease in 
non-REM sleep phase on work/school days and, at the same time, an increase in REM sleep on 
weekends observed in individuals with SJL leads to a deterioration in the functioning of the 
glymphatic system of the brain, accumulation of metabolic products in the brain, and deterioration 
of its function. It has previously been shown that the deterioration of cognitive functions in older 
people is due to age-related deterioration in the function of the glymphatic system [52]. Patients with 
REM sleep behavior disorder often have cognitive impairments such as Parkinson's disease and 
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dementia with Lewy body [55]. It can be proposed that the deterioration of the glymphatic system in 
individuals with SJL is the cause of the previously described decreased level of intelligence [9] and, 
as a consequence, low academic performance [10]. 

Our study showed that people who consume more MT-containing foods for dinner have 
significantly longer non-REM sleep phases on work/school days than their peers who consume a 
minimum amount of MT-containing foods for dinner. These data indicate that the consumption of 
MT-containing products for dinner does not just increase the sleep duration but causes a change in 
the ratio of sleep phases, which contributes to the increase in glymphatic system function and thus 
can be used as a specific preventive means of restoring the physiological function of the glymphatic 
system of the brain caused by SJL. 

The presented work has a number of advantages and limitations. The advantage of the work is 
that we conducted a comprehensive study using subjective and objective methods for assessing a 
number of interrelated indicators characterizing meal timing, diet, sleep function, and the state of the 
CS, which made it possible to identify the factors most closely associated with CS mismatch. This will 
allow us in the future to purpose fully conduct a search for effective means of preventing SJL and 
related negative consequences. Among the limitations of the study, we can single out a small sample 
size as well as a cross-sectional design, so the results presented in the study can be considered only 
preliminary, requiring additional research to confirm the conclusions drawn on their basis. 

5. Conclusions  

The study showed that when SJL occurs in young people, there is a change in meal timing, diet, 
and the ratio of sleep phases. The method of questionnaire survey has shown that SJL is associated 
with such disturbances in meal timing as food jetlag and a delay in the phase of the 24-h rhythm of 
eating. Social jetlag was found to be associated with dietary changes such as increased calorie intake 
after 9 p.m., reduced dietary fiber intake during the day and for breakfast, and reduced consumption 
of melatonin-containing foods at dinner. An objective method has shown that SJL is associated with 
changes in the total sleep duration and ratio of sleep phases during the calendar week. On 
work/school days, there was a reduction in the total sleep duration and the light sleep phase, and on 
weekends, there was an increase in the total sleep duration and the REM sleep phase. Young people 
who consume more MT-containing foods for dinner have lower SJL and sleep debt; they have a 
longer total sleep duration and deep sleep phases on work/school days. Moreover, these changes in 
sleep function were observed only on work/school days. Thus, the mismatch in circadian system 
function is accompanied by a violation of meal timing, a deterioration in the quality of the diet, and 
a decrease in sleep function. The consumption of foods containing MT is associated with a decrease 
in the mismatch of the circadian system's function and an improvement in the quality of sleep in 
young people.  
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