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Abstract
Misalignment between an individual’s circadian phase and his/her environment due to social imposition is called social jetlag 
(SJL). SJL has emerged as a public health concern, as it contributes to an unhealthy lifestyle and adverse health outcomes. 
This study aimed to elucidate the percentage of SJL in a large Japanese population using the Japanese version of the Munich 
ChronoType Questionnaire (MCTQ). A total of 10,000 participants responded to a web-based cross-sectional survey, and the 
final sample comprised 3708 participants (60.1% male; average age 45.1 [SD 13.4] years). SJL was measured by subtract-
ing each participant’s midpoint of sleep on workdays from their midpoint of sleep on free days. The average [SD] absolute 
SJL (SJLabs) value was 0.91 [0.89] hours, and the percentage of participants with SLJabs of more than 1 h was 40.1%. Our 
data also showed that SJLabs becomes progressively smaller with advancing age. A considerable number of participants of 
our Japanese population showed differences in sleep behavior between workdays and free days. Young people in particular 
commonly oversleep on free days to compensate for the sleep debt accumulated over the workweek because of their late 
chronotype.
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Introduction

The endogenous circadian timing system is responsible for 
the maintenance and coherence of physiological processes 
and their synchronization with environmental light–dark 
cycles [1, 2]. Individuals show different stable phase 
alignments to the 24-h day, which are called chronotypes. 
Chronotypes appear to be largely determined by the genetic 
composition of an individual’s circadian clock [3–5]. An 
individual may be able to choose to change their sleep tim-
ing based on social impositions, but they may not be able 
to shift their internal clocks in the same way, owing to their 

genetic background. Misalignment between an individual’s 
circadian phase and their environment due to social imposi-
tion is called social jetlag (SJL).

SJL is a measure of the discrepancy in sleep timings 
between our workdays and free days [6, 7] and was so named 
owing to the similarity to travel-induced jetlag caused by 
taking a flight to the west (east) on Friday evening and a 
return flight on Monday morning. Travel-induced jetlag 
results in a misaligned circadian system causing temporary 
problems; in contrast, SJL has chronic consequences. SJL 
has been related to unhealthy behaviors such as smoking [6] 
or physical inactivity [8] and has been suggested as a risk 
factor for obesity [9], metabolic dysfunction that may lead to 
a predisposition to diabetes, atherosclerotic cardiovascular 
disease [10–12], and depression [13]. It has emerged as a 
public health concern. A recent study also indicated that 
SJL is negatively associated with serum brain-derived neuro-
trophic factor (BDNF) levels, which plays an important role 
in neuronal maintenance, plasticity, and neurogenesis [14].

A number of sociodemographic and behavioral cor-
relates of SJL have been reported. SJL is associated with 
technology access in the bedroom as well as with inter-
net use in the hour before bed [15]. Furthermore, when 

 * Yoko Komada 
 komay@my-pharm.ac.jp

1 Liberal Arts, Meiji Pharmaceutical University, 2-522-1 
Nosio, Kiyose-city, Tokyo 204-8588, Japan

2 Department of Psychological Counseling, Faculty 
of Humanities, Tokyo Kasei University, Tokyo, Japan

3 Department of Sleep-Wake Disorders, National Institute 
of Mental Health, National Center of Neurology 
and Psychiatry, Tokyo, Japan

4 Department of Somnology, Tokyo Medical University, 
Tokyo, Japan

http://orcid.org/0000-0002-0884-1555
http://crossmark.crossref.org/dialog/?doi=10.1007/s41105-019-00229-w&domain=pdf


418 Sleep and Biological Rhythms (2019) 17:417–422

1 3

commuting times become longer, SJL increases [16]. Cer-
tain stimulants such as nicotine and caffeine have been 
shown to be associated with SJL [6, 16], although direc-
tional causality cannot be inferred.

Data collected in Europe using the Munich Chrono-
Type Questionnaire (MCTQ), which enquires about the 
sleep behavior on workdays and free days separately, has 
revealed that nearly two-thirds of the working popula-
tion show at least 1 h of SJL, and that one-third of the 
working population suffers from an SJL of 2 h or more 
[3]. In another study conducted in a nationally representa-
tive sample of adults in the UK, the average SJL duration 
was 36 min in participants with less than 7 h of sleep 
[17]. The study using the American Time Use Survey 
revealed that as much as 60% of the US population has a 
late chronotype, and probably suffers from at least some 
amount of SJL and sleep loss [18]. However, nationwide 
MCTQ surveys have not been conducted in Asia. In a 
Japanese sample, the bedtime was late and the mean sleep 
duration was shorter compared to other countries [19, 20], 
indicating that short sleep on weekdays results in sleep 
debt, which is relieved by longer weekend sleep. It is 
hypothesized that a considerable percentage of the Japa-
nese population experience SJL to compensate for sleep 
debt, and SJL is affected by sex, age, and chronotype, 
similar to results from surveys in central Europe, the UK 
and the US. Therefore, this study aimed to elucidate the 
percentage of SJL in a large Japanese population using 
the Japanese version of MCTQ [21].

Materials and methods

Participants and ethics

A web-based cross-sectional survey was conducted among 
registered participants of a survey company in Japan. Par-
ticipants who were matched for age, sex, and resident area 
to a representative Japanese sample were randomly invited 
to participate in the survey. Initially, a total of 10,000 par-
ticipants responded to the questionnaire.

We excluded those who provided invalid answers, aged 
under 20 or over 70, who did not have a regular work sched-
ule, who reported sleep times on free days with the use of 
alarm clocks, a requirement for determining chronotype 
according to the MCTQ [2], and who worked as shift work-
ers. The final sample comprised 3708 participants (60.1% 
male, average age: 45.1 [SD 13.4] years old, Fig. 1).

This study was approved by the ethics committee of 
Tokyo Medical University (no. 3307). The study participants 
provided informed consent through the consent agreeing/
disagreeing web page.

Measurements

We obtained sociodemographic and lifestyle characteris-
tics of the participants, that is, age, sex, height, weight, 
smoking status (yes/no), alcohol consumption (yes/no), 
physical activity of more than 30 min on 2 days per week 
continuously for more than 1 year (yes/no), disease under 
treatment (yes/no), duration using display devices such 
as a smartphone, television, or personal computer after 

Fig. 1  Flowchart of sample 
selection and geographical loca-
tions of participants
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6 p.m. (min), and postal code of residence. The latter was 
translated into latitude and longitude.

To examine chronotypes, SJL, and other sleep variables, 
the Japanese version of the MCTQ was used [2, 21]. The 
MCTQ included questions about shift work, the amount of 
time spent outdoors in daylight, the number of workdays 
and free days during the week, and bedtime and wake-up 
time including sleep/wake latency (in min) on workdays 
and on free days. Sleep duration across the week was cal-
culated by averaging the sleep duration on workdays and 
free days. SJL was measured by subtracting each partici-
pant’s midpoint of sleep on workdays (MSW) from their 
midpoint of sleep on free days (MSF). Both relative values 
and absolute values of SJL (SJLrel, SJLabs) were calcu-
lated. The chronotype, which is an individual’s preference 
in sleep timing, was assessed using sleep-debt-corrected 
MSF (MSFsc) (see Roenneberg et al. [7]).

A two-way analysis of variance (ANOVA) (sex × age 
category) was used to evaluate MSFsc and SJLabs. The 
Bonferroni–Dunn test was used for post hoc analysis. Sta-
tistical analyses were performed using SPSS version 22 
(SPSS Inc., Chicago, IL, USA), and the level of signifi-
cance was set at p < 0.05.

Results

Sample characteristics

A description of the sample (n = 3708) regarding soci-
odemographic and health-related variables is presented 
in Table 1 and that regarding sleep-related variables in 
Table 2. Average participant age was 45.1 [SD 13.4] years, 
and the proportion of female participants in the study 
sample was 39.9%. The average sleep duration during the 
week, MSFsc, SJLrel, and SJLabs were 6.6 [1.1], 3.7 [1.4], 
0.83 [0.96], and 0.91 [0.89], respectively.

Age‑related changes in chronotype

Changes in MSFsc with age are shown in Fig. 2. The 
MSFsc progressively shifted to earlier times with advanc-
ing age. A two-way ANOVA showed a significant interac-
tion between the effects of sex and age category on the 
MSFsc [F (1,4) = 3.9, p <0.01]. There was a significant 
main effect of age category [F (4,3698) = 99.7, p <0.01], 
but no significant main effect of sex [F (1,3698) = 1.8, 
p =0.33]. Sex differences were not observed in participants 
between their twenties and their fifties, while male partici-
pants showed earlier chronotypes than female participants 
in their sixties.

Relationship between chronotypes and SJL

The relationship between MSFsc and SJLabs is shown in 
Fig. 3. Chronotypes with an MSFsc of 2 a.m. had the lowest 
SJLabs value (0.30 h). When the MSFsc is later, SJLabs is 
higher. SJLabs also exists in the group with an MSFsc ≤ 1 
(0.88 h).

Table 1  Sociodemographic and health-related variables (n = 3708)

Variables n (%), or mean [SD]

Sociodemographic variables
 Sex
  Men 2228 (60.1)
  Women 1480 (39.9)

 Age (years) 45.1 [13.4]
 Family
  Living with family 3039 (82.0)
  Living alone 669 (18.0)

Health-related variables
 Body mass index 22.5 [3.6]
 Smoking
  Yes 860 (23.2)
  No 2848 (76.8)

 Alcohol
  Yes 1881 (50.7)
  No 1827 (49.3)

 Physical activity (30 min on more than 2 days/week for at least 
1 year)

  Yes 1170 (31.6)
  No 2538 (68.4)

 Medical care (disease under treatment)
  Yes 1252 (33.8)
  No 2456 (66.2)

Table 2  Sleep-related variables

MSW midpoint of sleep on workdays, MSF midpoint of sleep on free 
days, MSFsc mid-sleep time on free days corrected for sleep debt, 
SJLrel relative social jetlag, SJLabs absolute social jetlag, SDw sleep 
duration on workdays, SDf sleep duration on free days, SDweek sleep 
duration during the week, SLOSS sleep loss during the week

MCTQ variables Mean [SD]

MSW 3.21 [1.24]
MSF 4.05 [1.54]
MSFsc 3.70 [1.44]
SJLrel 0.83 [0.96]
SJLabs 0.91 [0.89]
SDw 6.40 [1.14]
SDf 7.25 [1.34]
SDweek 6.61 [1.09]
SLOSS 1.26 [1.44]
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Percentage of SJL in different age groups

Table 3 shows the percentage of SJLrel and SJLabs in the 
different age categories. The percentage of participants 
with a negative SJLrel, indicating an earlier midpoint on 
free days than on weekdays, was only 3% in participants 
in their twenties and 6% overall. The average [SD] SJLabs 
was 0.91 [0.89] hours, and the percentage of participants 
with an SJLabs of more than 1 h was 40.1%. SJLabs became 
progressively lesser with advancing age. The percentage of 
participants with an SJLabs of more than 1 h was 61.0% in 

participants in their twenties, 53.2% in those in their thirties, 
and only 14.5% in those in their sixties.

A two-way ANOVA showed a significant main effect 
of age [F (4,3698) = 136.1, p <0.01], a main effect of sex 
[F (1,3698) = 4.4, p =0.04], and a significant interaction 
between the two [F (1,4) = 2.5, p =0.04]. SJLabs was higher 
in female than in male participants. In particular, female 
participants showed a higher SJLabs than male participants 
in their thirties and forties (thirties: 1.22 vs 1.06 h, forties: 
1.04 vs 0.89 h).

Discussion

This is the first nationwide, cross-sectional survey on SJL 
conducted in Asia. We conducted a web-based survey using 
the Japanese version of MCTQ in a total of 10,000 partici-
pants and presented the preliminary results based on the 
3708 respondents. The key findings were (1) the average 
SJLabs was 54.6 min and the percentage of participants with 
an SJLabs of more than 1 h was 40.1%; (2) SJLabs becomes 
progressively smaller with advancing age.

The mean MSFsc, a measure of chronotype, was 3.7 
(3:42 a.m.), which is 32 min earlier than the average chrono-
type of MCTQ respondents from Germany, Switzerland, 
the Netherlands and Austria [7], and 37 min later than the 
average chronotype from the US population (using MSF) 
[18]. Chronotypes were found to shift to earlier times with 
advancing age (Fig. 2). This is in line with the results from 
the central European population [7], and from the US [18]. 
In the present study, we did not have enough data from par-
ticipants in their teens to draw conclusions; it has, however, 
been reported that children are early chronotypes and that 
the MSFsc progressively shifts to later times throughout 
puberty and adolescence until it reaches a peak around the 
age of twenty [22].

The data from the central European population indicated 
the sex differences in chronotypes, that is, males have later 
chronotypes than females until around the age of meno-
pause, and after that, males have earlier chronotypes than 
females [22]. However, no sex differences were observed in 
participants aged between the twenties and the fifties in this 
study sample. After the age of menopause, male participants 
showed earlier chronotypes than female participants, similar 
to the findings of previous studies [18, 22]. Further studies 
that include measurements of intrinsic circadian phase (e.g., 
melatonin secretion rhythm), and differences in lifestyle are 
warranted to investigate the question of sex differences.

SJLabs increased with the delay in MSFsc, consist-
ent with an earlier report by Wittman [6]. To some extent, 
SJLabs also exists in the early chronotypes. While alarm 
clocks are the predominant cause for sleep loss in the later 
chronotypes, social pressure to stay up later than their 

Fig. 3  Correlation between chronotype (MSFsc) and the absolute 
social jetlag

Fig. 2  Changes in chronotype with age. MSFsc mid-sleep time on 
free days corrected for sleep debt. Mean (SE)
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biological bedtime commonly causes sleep loss in early 
chronotypes [3]. SJL may be affected by not only late 
chronotype but also sleep debt on weekdays. From the UK 
study, participants with shorter sleep duration showed higher 
SJL [17]. Participants with late chronotype would not expe-
rience SJL if the work schedule permits enough sleep; for 
example, flextime schedule, late shift, etc.

The percentage of participants with a negative SJLrel, 
meaning an earlier sleep midpoint on weekends than on 
weekdays, was only 6% overall. It is not surprising that a 
large majority of the study population did not show earlier 
sleep timing on weekends, given that the intrinsic period of 
the human clock is longer than 24 h [23]. The mean value 
of SJLabs was 54.6 min overall. The percentages of partici-
pants with an SJLabs ≥ 1 h and SJLabs ≥ 2 h among our sur-
vey participants were 40.1% and 11.6%, respectively. Much 
of the previous work on SJL has focused on specific subsets 
of the population, for example university students or young 
adults [6, 10, 24–26]. Thus, the current percentage estimates 
for the general population are limited. The percentage of 
SJLabs in the present study was somewhat lower than that 
found in a previous study on a central European population 
(≥ 1 h: 69%; ≥ 2 h: 33%) [3]. The results were close to the 
large Dutch sample (≥ 1 h SJL: 39%) [27], and somewhat 
higher than the results of the Australian National Sleep 
Health Foundation Study (≥ 1 h: 31%; ≥ 2 h: 10%) [15] and 
the UK National Diet and Nutrition Survey (average SJL in 
participants who sleep less than 7 h and 7–8 h is 36 min and 
12 min, respectively) [17].

Similar to the changes observed in the chronotype, which 
advanced gradually from early to late adulthood, SJLabs 

also decreased proportionally in the same age groups in this 
study. The percentages of participants with an SJLabs ≥ 1 h 
and SJLabs ≥ 2 h were 61.0% and 24.9% in their twenties, 
and 14.4% and 0.7% in their sixties, respectively. Early 
wake-up and bedtime schedules socially required, in par-
ticular among young people, may lead to health problems 
and deterioration of performance induced by the mismatch 
between biological and social time. As females show higher 
SJLabs than males, they might be at a higher risk for devel-
oping adverse health symptoms associated with SJL.

This study has some limitations. First, we used data from 
an internet-based survey in which subjects who were inter-
ested in their sleep health might have been more likely to 
participate. Second, the response rate was relatively low, 
which could cause response biases. Third, we used cross-
sectional data, and hence, we cannot provide information 
on the causality of the observed associations.

In conclusion, a considerable number of participants 
of our Japanese population, as represented in the cur-
rent MCTQ survey, showed differences in sleep behavior 
between workdays and free days. Young people in particu-
lar commonly oversleep on free days to compensate for the 
sleep debt accumulated over the workweek because of their 
late chronotype. Thus, understanding the association of SJL 
and factors that contribute to an increased SJL risk may be 
important for disease prevention strategies targeting SJL. As 
the current preliminary study could not elucidate the associ-
ated factors, further studies, particularly longitudinal popu-
lation studies of SJL targeting associated factors, long-term 
health, and work productivity outcomes would be needed.

Table 3  Prevalence of SJLrel (left) and SJLabs (right) in different age groups

SJLrel relative SJL, SJLabs absolute SJL

SJLrel 20 s 30 s 40 s 50 s 60 s All

< 0 h (%) 3.3 5.1 6.7 6.3 8.6 6.1
0–1 h (%) 37.0 43.0 52.0 63.5 77.3 54.9
1–2 h (%) 35.2 36.7 29.8 24.8 13.4 27.8
2–3 h (%) 18.5 11.0 9.3 3.4 0.6 8.4
≧ 3 h (%) 6.0 4.2 2.3 2.0 0.1 2.8
Mean (h) 1.27 1.05 0.85 0.67 0.39 0.83
SD (h) 1.15 1.02 0.92 0.88 0.52 0.96

SJLabs 20 s 30 s 40 s 50 s 60 s All

< 0 h (%) – – – – – –
0–1 h (%) 39.0 46.8 57.0 68.8 85.5 59.9
1–2 h (%) 36.1 37.4 30.8 25.4 13.7 28.5
2–3 h (%) 18.6 11.3 9.8 3.6 0.6 8.6
≧ 3 h (%) 6.3 4.5 2.4 2.3 0.1 3.0
Mean (h) 1.36 1.13 0.95 0.76 0.43 0.91
SD (h) 1.04 0.94 0.82 0.81 0.49 0.89
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