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Abstract

:

The sleep difference between weekdays and weekends can lead to negative physical and mental health outcomes in adolescents. Thus, this study has attempted to analyze the impact of sleep time differences on various health outcomes, using nationally representative panel data. Data from the junior high school student panel of the Korean Children and Youth Panel Survey were analyzed. The sleep difference was defined as the difference between the average sleep duration on weekdays and that on weekends in minutes. A series of mixed effect linear regression models for continuous variables or mixed effect logit regression for binary variables was utilized. Korean adolescent students reported from 96.8 min to 133.2 min of sleep duration difference between weekdays and weekends. After controlling for gender, parent work status, and type of housing, the weekday-to-weekend sleep differences were associated with various health-related outcomes including concentration difficulty, aggression, somatic symptoms, and withdrawal. Additionally, adolescent student life satisfaction was associated with sleep difference. The sleep differences among adolescent students were more associated with mental health-related outcomes and emotional symptoms than with physical health-related outcomes. The appropriate intervention to reduce the sleep difference gap is an important key to improve health in the adolescence period.
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1. Introduction


Adolescent sleep quality is crucial in their daily lives as it substantially affects healthy development. Unfortunately, however, adolescents have chronically experienced a low quality of sleep patterns in the current social environments. Growing research notes that social jetlag is one of the negative sleep patterns that affect adolescent health [1,2]. Sleep debt is the discrepancy in individual preference for sleep timing or chronotype and actual sleep duration. However, social jetlag represents the difference between biological timing and social rhythms [3,4]. Social jetlag of adolescents has been measured as the discrepancy in sleep timing between weekdays and weekends [5,6].



Further, the discrepancy during school terms becomes more common [1,5]. For instance, 35–40% of US secondary school students experience over two hours of weekend oversleep [2], while the average hours of weekend oversleep among Korean adolescents is slightly over two hours [7]. As sleep time difference between weekdays and weekends is problematic and conspicuous [8,9], weekday-to-weekend sleep differences among adolescents are receiving increasing attention from researchers.



Weekday-to-weekend sleep differences in adolescent students are linked to early rise time on weekdays, late bedtime on weekdays, and weekend oversleep. The difference in sleep timing is affected by factors including heavy study burden and many extracurricular activities, and the difference is more evident during school terms. In the highly competitive education environments, 74.3% of Korean adolescents participate in extracurricular activities and spend 6.5 weekly hours on them [10]. This has been widely known as the main factor of sleep difference among adolescents in Korea [7,11]. Additionally, adolescents are inclined to have circadian delay (e.g., an increase in eveningness) due to the developmental characteristics of their age groups [5]. Increased use of digital devices (e.g., smartphone, tablet PC, and computer) has widened the difference in sleep timing [1].



Weekday-to-weekend sleep difference has led to negative outcomes pertaining to physical and mental health. Weekday-to-weekend sleep difference is more likely to cause diverse mental health outcomes including depression [7,11,12], aggression [10], concentration difficulty [13], social withdrawal [14,15], and somatic symptoms [11,16]. However, the literature is limited in that many studies focus more on the relationship between difference in sleep timing and depression than the relationships with other mental health outcomes. Difference in sleep timing relates to physical health outcomes including chronic symptoms and obesity [7,17]. Obesity has been addressed in the literature in terms of body mass index (BMI) [18], obesity [6,7], and overweight [19]. Previous studies examined the effects of adolescents’ weekday-to-weekend sleep difference on self-rated health [20] and life satisfaction [21].



Weekday-to-weekend sleep differences of adolescent students and its effects rely on social and cultural factors as extracurricular activities, school schedules, and accessibility of digital devices. Prior research shows that Black adolescents slept less than White adolescents [2], and Korean adolescents have severe sleep deprivation on school days [13]. Sun et al. (2019) indicated that Asian adolescences’ social jetlag was positively associated with depressive symptoms and obesity [5]. However, the effects of social jet lag on health outcomes among Korean adolescents remain unclear. It is crucial to understand the relationships in Korean academic elitism culture and compare the findings to the prior literature. Thus, the findings can give fruitful discussions to grasp how sleep difference affects health outcomes in diverse cultural contexts. In light of these contexts, this study aims to examine the impact of the sleep time difference between weekday and weekend on various health outcomes using nationally representative panel data from Korean adolescent students.




2. Materials and Methods


2.1. Data and Participants


Data from the Korean Children and Youth Panel Survey (KCYPS), a nationally representative study of Korean children and youths, were utilized for this study. The KCYPS was designed to investigate multiple aspects of adolescent growth and development. It started to collect data in 2010, from three panels of first and fourth grade elementary school students, as well as first grade junior high school students (n = 7071), which was followed annually until 2016. The KCYPS implemented a multi-stage stratified cluster sampling method with schools as the primary sampling unit. Among the three panels, that of junior high school students (n = 2351) was used in this analysis and included participant developmental stages from first year of junior high school up to one year after high school graduation.




2.2. Variables and Measurements


The sleep duration was calculated using the answers to the question “What time do you usually go to bed and get up?”, which was asked for weekdays and for weekends separately. The sleep difference between weekdays and weekends was defined as the difference between the average sleep duration on weekdays and that on weekends in minutes. Specifically, the sleep difference was calculated by subtracting the average weekdays sleep duration from the average weekends sleep duration in minutes.



Several psychological outcomes such as concentration difficulty, aggression, somatic symptoms, withdrawal, depression, and health-related outcomes such as self-rated health, number of chronic symptoms, and obesity were included in this analysis. The measures of concentration difficulty, aggression, and somatic symptoms were comprised of seven items, six items, and eight items, respectively, and adopted from the Emotional or Behavioral Problems Scale [22] measured in a four-point Likert scale. Youth withdrawal was measured using a subset of the Behavior Problem Scale for Children and Adolescence [23] comprised of five items measured in a four-point Likert scale. Depression of the youths was measured using the Symptom Checklist [24] comprised of 10 items also measured in a four-point Likert scale. Self-rated health was measured using a four-point Likert scale (1 = ‘very unhealthy’; 4 = ‘very healthy’). Number of chronic symptoms was measured by counting the number of chronic symptoms the respondents had among asthma, rhinitis, atopic dermatitis, heart disease, diabetes, or others during the previous year, which were answered by the respondents. BMI was calculated using self-reported height and weight and was used to define obesity status [25]. Adolescent life satisfaction was measured in Waves 1 and 3–6, while BMI was measured in Waves 2–6. The number of chronic symptoms were measured only in Waves 1 and 4.



Gender, type of housing, and parents’ work statuses were included as control variables. Gender (male = 1, female = 0) and parents’ work statuses (working = 1, not working = 0) were dichotomized. Finally, type of housing had three categories (1 = house, 2 = apartment, 3 = others).




2.3. Statistical Analysis


A set of descriptive analyses was conducted to provide overall characteristics of the sample. The hypothesized relationships of sleep patterns with health outcomes were tested using mixed effect linear regression models for continuous variables or mixed effect logit regression for binary variables. The multi-level regression models can be written as follows:


       h e a l t h   o u t c o m e     i j   =  β  0 j  1  +  β  1 j  1      s l e e p   d i f f e r e n c e     i j   +   ∑   k = 2  l   β  k j  1      c o v a r i a t e s     i j  k  +  ε  i j  1     if   [ h e a l t h   o u t c o m e ] is continuous   










   o g i t     h e a l t h   o u t c o m e     i j   =  β  0 j  1  +  β  1 j  1      s l e e p   d i f f e r e n c e     i j   +   ∑   k = 2  l   β  k j  1      c o v a r i a t e s     i j  k     if   [ h e a l t h   o u t c o m e ] is discrete   








where    β  0 j  1  =  γ  00  1  +  u  0 j  1   ;     u  0 j  1  ~ N   0 ,  τ  00  1     ;     β  l j  m  =  γ  l 0  m    i f   l ≠ 0 ,     and    ε  0 j  1  ~ N   0 ,   (  σ 1  )  2     .



In the equation above,   γ ’  s      are for fixed effects and u’s and   ε ’  s      for random effects in the second level and in the first level, respectively. The mixed effect regression models were considered appropriate for analysis of panel data structure, such as the KCYPS [26]. Stata Statistical Software Release 16 (StataCorp, College Station, TX, USA) was used to manipulate the data and calculate the model parameters.





3. Results


The characteristics of the sample are presented in Table 1. Males and females were almost evenly distributed throughout the study period. About two-thirds of mothers were working outside the home (minimum: 62.5% [Wave 1], maximum: 70.9% [Wave 5]), while over 90% of fathers were working outside the home (minimum: 90.4% [Wave 6], maximum: 98.4% [Wave 2]). About 60% of adolescent students responded that both their parents were working (minimum: 58.8% [Wave 6], maximum: 68.1% [Wave 5]). Most adolescent students were living in an apartment (minimum: 59.1% [Wave 1], maximum: 60.7% [Wave 3]), and about 20% were living in housing types other than a house or apartment (minimum: 14.6% [Wave 5], maximum: 20.3% [Wave 1]).



Throughout the study period, the adolescent students reported from 96.8 min (SD = 102.4) at Wave 1 to 133.2 min (SD = 103.4) at Wave 4 of sleep duration difference between weekdays and weekends. Table 1 summarizes the measures of emotional status including concentration difficulty, aggression, somatic symptoms, withdrawal, and depression, which were measured on four-point Likert scales in Waves 2–4 and 6.



Table 2 summarizes the results of the mixed effects regression analyses of health-related outcomes with weekday-to-weekend sleep difference as a predictor after controlling for gender, parents’ work status, and type of housing. Results indicate that adolescent students who reported larger weekday-to-weekend sleep duration difference presented greater difficulty in concentration (B (SE) = 0.012 (0.003), p < 0.01), aggression (B (SE) = 0.011 (0.003), p = 0.01), somatic symptoms (B (SE) = 0.014 (0.003), p < 0.01), and withdrawal (B (SE) = 0.008 (0.004), p = 0.036). Adolescent students’ weekday-to-weekend sleep difference showed a significant association with overall emotional symptoms (B (SE) = 0.010 (0.002), p < 0.01) but not with depression (B (SE) = 0.004 (0.003), p = 0.161). Additionally, adolescent student life satisfaction was negatively associated with sleep difference (B (SE) = −0.009 (0.003), p < 0.01), but SRH status was not (B (SE) = 0.002 (0.003), p = 0.527). Neither a larger number of chronic symptoms experienced (B (SE) = 0.010 (0.006), p = 0.081) nor BMI (B (SE) = −0.065 (0.051), p = 0.202) was associated with weekday-to-weekend sleep duration difference among adolescent students (Table 2).




4. Discussion


This study analyzed the impact of the sleep time difference on various health outcomes among adolescent students. Higher sleep difference of weekday-to-weekend was associated with increased concentration difficulty, aggression, somatic symptoms, withdrawal, life satisfaction, and all emotional outcomes. This study showed that concentration difficulty had a significant relationship with sleep difference. Previous studies have reported a consistent relationship between academic concentration and sleep in adolescent students. In particular, weekend sleep delay (i.e., weekday-to-weekend difference in sleep timing) had a stronger adverse effect on academic performance, substance use, and body weight compared with weekend catch-up sleep (i.e., weekday-to-weekend difference in sleep duration) [5]. This negative effect could be explained by the reduced cognitive abilities due to weekday-to-weekend sleep differences. When adolescents had recovery sleep on weekends, it has been shown that deteriorated neurobehavioral functions were incompletely recovered [5,27]. Agostini et al. (2017) reported that adolescents were exposed to delayed bedtime and reduced total sleep time due to biological and social factors [27]. These deficits of sleep can lead to decreased memory consolidation, negative emotions, and worse performance. Declined sleep onset latency and increased total sleep time has been found on sleep recovery nights, resulting in weekday-weekend sleep differences [28,29].



Students who had higher weekday-to-weekend sleep differences were more likely to experience social withdrawal. Previous studies indicated that social withdrawal could be induced by daytime sleepiness, which was caused by later onset of sleep on weekday and accumulation of sleep debt, in response to academic and social demands [30]. In the United States, school start times are a huge contributor to sleep debt which is induced due to difference in individual preferred sleep timing and actual sleep duration, particularly among high school students [4,31,32]. The mechanisms underlying the association between sleep and social withdrawal were impairment of prosocial signal parts in the brain that made it difficult to understand the intentions of others [15]. Another study reported that individuals with a secure social environment had less sleep fragmentation than lonely individuals [33].



This suggests that perceptions of a secure social environment promote better sleep.



The discrepancy of weekday and weekend sleep was associated with a higher degree of aggression and all emotional outcomes in this study. Sleep duration was the best statistical predictor for verbal aggression and anger. In addition, social jetlag which is likely to have drastic variability due to discrepancy of biological and social rhythms was related to physical aggression, and morningness-eveningness was related to hostility [10,34]. Those with evening preferences tend to have larger discrepancies in the weekday and weekend sleep durations, particularly when school start times are earlier. It is possible that the circadian preference is the mechanism through which the relations found are explained. Those who perceived higher social jetlag and could not navigate environmental demands can have increased stress and anxiety [10,35]. Those findings indicate that shorter total sleep time on school nights and greater social jetlag increases the risk of anxiety symptoms in adolescents [10,35]. These results can be explained by the vulnerability of adolescent emotional reactivity [36,37]. Adolescents can experience an increased change of emotion and might not be able to regulate both behavior and emotions compared to other periods [36,37]. In addition, according to Sleep in America Poll research, 55% of individuals responded that sleepiness was related to their moods, such as irritability [38].



In this study, somatic symptoms were associated with sleep difference. These results support the prior research indicating that a longer tutoring time outside school was related with increasing somatic symptoms because of its effect of a decrease in sleep duration [39]. Moreover, it has been explained that chronic work stress was one of the factors increasing somatic complaints [40]. However, in this study, the physical health outcomes including chronic symptoms and BMI status were not associated with sleep difference. Physical health showed no statistical significance with Sleep Health Composite Score, which included duration, timing, regularity, and efficiency of sleep [41]. Prior studies showed inconsistent results for this relationship. Asian adolescents who had sleep difference were less likely to be overweight and obese [5]. However, this result could be explained by sleep variability as an inconclusive factor for metabolic function in adolescents [42,43].



Lower life satisfaction was associated with higher weekday and weekend sleep difference. Evening persons have a later endogenous circadian rhythm, making it more difficult to entrain to the external 24-h light dark cycle. This makes these people often sleep more on the weekends. This was also consistent with previous research that suggested those having eveningness, which is induced by inconsistency of personal and environmental rhythms, were more likely to have lower life satisfaction [21,44]. The misalignment of endogenous rhythm and environmental demands leads to larger weekday and weekend sleep differences and the relationship between morningness and higher life satisfaction was similar across countries [5,44,45].



There were several limitations in this study. First, this study used data from self-reported questionnaire, so the findings of sleep difference could have recall bias. Therefore, future studies should consider objective methods to measure sleep time. Further, this study used data from only adolescents who attend school. Therefore, it is difficult to generalize the results of this study, and it might have bias. In addition, adolescents’ circadian-driven preference for sleep timing was not included, and adolescents who were chronically sleep deprived were not considered. The further studies need to consider the type of sleep difference. Lastly, the relationship between sleep and somatic symptoms could show reverse causality. Despite these limitations, this study provides meaningful results on health outcomes associated with sleep difference between weekday and weekend among adolescent students, using a longitudinal design that could be interpreted as causality. In addition, this longitudinal study suggests the importance of understanding weekday-to-weekend sleep difference on health-related outcomes in adolescent students.




5. Conclusions


In the nationally representative panel data from Korean adolescent students, weekday-to-weekend sleep differences are related to various health outcomes. This sleep difference was associated with increased concentration difficulty, aggression, somatic symptoms, withdrawal, all emotional outcomes, and decreased life satisfaction. Adolescents are more likely to have greater sleep differences between weekdays and weekend and be more emotionally reactive than other age groups. These findings provide important information for improving adolescent overall health and healthy sleep patterns. Indeed, adolescents are more likely to have sleep variability and vulnerability of emotional reactivity. Therefore, policy makers should focus on adolescent sleep differences and recognize the importance of sleep patterns in various health outcomes among adolescents.



There is a need for education that emphasizes the importance of proper sleep pattern on weekday-weekend for adolescents. Short- and long-term policies that manage school time and weekday extra-school tutoring time for reducing the difference in sleep time among adolescent students are necessary to improve health outcomes and academic performance.
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Table 1. Sample characteristics of Korean adolescent students.
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Wave 1

	
Wave 2

	
Wave 3

	
Wave 4

	
Wave 5

	
Wave 6




	

	
n

	
%

	
n

	
%

	
n

	
%

	
n

	
%

	
n

	
%

	
n

	
%






	
Gender: female

	
1175

	
50.0

	
1128

	
49.5

	
1119

	
49.5

	
1033

	
49.0

	
1024

	
49.0

	
1015

	
49.4




	
Mother working

	
1376

	
62.5

	
1401

	
67.3

	
1422

	
68.3

	
1350

	
68.3

	
1346

	
70.9

	
1269

	
65.1




	
Father working

	
2101

	
96.5

	
2018

	
98.4

	
1999

	
97.4

	
1909

	
97.4

	
1820

	
97.5

	
1761

	
90.4




	
Both parents working

	
1211

	
59.1

	
1266

	
64.9

	
1262

	
65.0

	
1220

	
65.8

	
1203

	
68.1

	
1140

	
58.8




	
Housing type: apartment

	
1385

	
59.1

	
1327

	
59.8

	
1349

	
60.7

	
1249

	
59.2

	
1226

	
60.4

	
1188

	
60.6




	
Housing type: other

	
477

	
20.3

	
362

	
16.3

	
337

	
15.2

	
357

	
16.9

	
296

	
14.6

	
327

	
16.7




	

	
Mean

	
SD

	
Mean

	
SD

	
Mean

	
SD

	
Mean

	
SD

	
Mean

	
SD

	
Mean

	
SD




	
Sleep differences (minute)

	
96.8

	
102.4

	
103.7

	
101.1

	
106.2

	
96.9

	
133.2

	
103.4

	
132.6

	
99.5

	
116.2

	
100.2




	
Concentration difficulty

	

	

	
2.4

	
0.5

	
2.5

	
0.6

	
2.2

	
0.5

	

	

	
2.1

	
0.5




	
Aggression

	

	

	
2.1

	
0.6

	
2.2

	
0.6

	
2.0

	
0.5

	

	

	
1.9

	
0.5




	
Somatic symptoms

	

	

	
2.0

	
0.6

	
2.1

	
0.6

	
2.0

	
0.5

	

	

	
1.9

	
0.6




	
Withdrawal

	

	

	
2.2

	
0.7

	
2.3

	
0.7

	
2.2

	
0.7

	

	

	
2.3

	
0.7




	
Depression

	

	

	
1.9

	
0.6

	
2.0

	
0.6

	
1.9

	
0.6

	

	

	
1.9

	
0.5




	
Emotional outcomes: all

	

	

	
2.1

	
0.5

	
2.2

	
0.5

	
2.0

	
0.4

	

	

	
2.0

	
0.4




	
Life satisfaction

	
2.8

	
0.7

	

	

	
2.9

	
0.7

	
2.8

	
0.6

	
2.8

	
0.6

	
2.9

	
0.6




	
Self-rated health

	
3.2

	
0.6

	
3.2

	
0.6

	
3.2

	
0.6

	
3.2

	
0.6

	
3.1

	
0.6

	
3.2

	
0.6




	
Number of chronic symptoms

	
0.6

	
0.8

	

	

	

	

	
0.6

	
0.8

	

	

	

	




	
Body mass

index

	

	

	
−2.0

	
15.3

	
−1.1

	
14.8

	
1.8

	
15.3

	
3.2

	
15.3

	
5.7

	
16.2








SD, standard deviation; The participants were in their first year of junior high school at Wave 1 and third year of high school at Wave 6.
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Table 2. Mixed effects regression analyses of health-related outcomes and emotional symptoms with weekday-to-weekend sleep duration difference.
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	Outcome Variables
	B
	SE (B)





	Concentration difficulty
	0.012 ***
	(0.003)



	Aggression
	0.011 ***
	(0.003)



	Somatic symptoms
	0.014 ***
	(0.003)



	Withdrawal
	0.008 **
	(0.004)



	Depression
	0.004
	(0.003)



	Emotional outcomes: all
	0.010 ***
	(0.002)



	Life satisfaction
	−0.009 ***
	(0.003)



	Self-rated health
	0.002
	(0.003)



	Chronic symptoms
	0.010 *
	(0.006)



	Body mass index
	−0.065
	(0.051)







* p < 0.10, ** p < 0.05, *** p < 0.01. Note: results were controlled for gender, parent’s work status, and type of housing (i.e., house/apartment/and others). SE, standard error.
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