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Abstract Objective Discrepancies between sleep timing on work/school and free days, also
known as social jetlag (SJL), can cause health problems. These issues occur most often
in individuals from adolescence to the early 20s, which is equivalent to the age of
university students. This study was designed to explore the recommended level of
physical activity required to minimize SJL and to examine the relationship between SJL
and objective physical activity among female university students.
Methods We assessed the SJL of 68 female students using the Japanese version of the
Munich Chronotype Questionnaire. The objective physical activity and sleep variables
of subjects were also evaluated at 3 to 4 weeks using a small triaxial accelerometer.
Results A significant negative correlation was found between SJL and physical activity
on both free (r¼�0.435, p<0.001) and school days (r¼�0.341, p<0.01). According
to the linear regression analysis, physical activity of 11,174 steps on school days and
10,713 steps on free days had the lowest SJL value. Total sleep time on free days had a
significant positive correlation with SJL (r¼0.399, p<0.001) and a negative correlation
with physical activity (r¼� 0.520, p<0.001).
Discussion Our results suggest that substantial SJL may cause chronic fatigue and
lead to a low level of physical activity in female university students. These results also
imply that the recommended level of physical activity necessary tominimize SJL among
these students is around 11,000 steps on both school and free days.
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Introduction

Social jet lag (SJL), defined as the difference in themidpoint of
sleep between work/school days and free days, is the dis-
crepancy between circadian rhythms and life rhythms dic-
tated by social constraints.1,2 Travel-induced jet lag
symptoms, such as malaise, drowsiness, and difficulty con-
centrating, caused by high-speed intercontinental travel on
passenger jets, are temporary. However, SJL has been associ-
ated with chronic health hazards, including obesity, meta-
bolic diseases such as type 2 diabetes,3–5 increased risk of
depression,6 smoking, and excessive caffeine intake.1 Social
jetlag is most prevalent from adolescence to the early 20s,3

with 63.7% of university students reportedly having SJL of �
2hours.7 In addition, a study of SJL in university students
showed that greater SJL was associatedwith worse academic
performance,8,9 lower quality of life,9 and more severe
menstrual symptoms.10 Thus, alleviating SJL in university
students is a significant health objective.

Bright light is considered the essential synchronizer of
circadian rhythms.11,12 Additionally, social schedules, such
as diet13 and physical activity,12–16 have also been shown to
be important synchronizers. Among university students,
increased physical activity was associated with greater life
satisfaction and happiness,17whereas longer sedentary time
increased stress, depressive tendencies, and anxiety.18 Thus,
clarifying the relationship between physical activity and SJL
is important to lead a healthy life, but few studies have
reported the relationship between SJL and physical activity
for university students using objective indices. Subjective
physical activity was reportedly lower in a group with SJL of
� 2hours than in a group with SJL of � 1hour.4 Also, a
negative correlation has been reported between subjective
physical activity and SJL19 in night shift workers. However,
the recommended level of objective physical activity that
minimizes SJL has not yet been mentioned.

The recent survey on SJL for a large Japanese population20

showed that absolute SJL was higher in female participants
than that in male participants. Symptoms of depression are
reportedly more common in female students than in male
students among adolescents, including college students.21

Furthermore, previous studies have shown that physical ac-
tivity in female university students was lower than that in
male university students22; especially on free days, female
university students showed a considerable decrease in physi-
cal activity.23 Thus, it can be inferred that lower physical
activity among female university students, especially on free
days, may be associated with SJL and health problems. There-
fore, in this study, to explore the recommended level of
physical activity needed tominimize SJL, we evaluated female
university students using objective indices of physical activity
and nocturnal sleep to determine the relationship with SJL.

Methods

Participants
Students with regular weekly schedules were recruited for
the study via advertisements on university bulletin boards.

Participants were recruited while considering appropriate
exclusion criteria to eliminate the effects of smoking, drink-
ing, medications, and high-intensity competitive sports.
Initially, 71 female university students were enrolled in
this study, but 3 were eventually excluded for lack of appro-
priate cooperation. Therefore, data from 68 participants
were included in the final analysis. The sample was homog-
enous with respect to age (20.5�1.5 years), weight
(51.1�6.3 kg), height (1.57�0.05 m), body mass index
(BMI) (20.7�2.6 kg/m2), and social situation (students be-
longing to the same university). All subjects were healthy
and had no history of sleep disorders. The study protocolwas
approved for an exemption by the Research Ethics Commit-
tee of the College of Nursing Art and Science, University of
Hyogo (institutional review board approval number: 2018-
F17). The study objectives and methods and the expected
advantages and disadvantages of participation were
explained to the students, and written consent was obtained
from all participants. It has been reported that premenstrual
sleep quality is slightly poorer, but the size of the difference
is of little clinical significance,24 and that sleep and exercise
behavior remain constant regardless of menstrual cycle.25

For these reasons, we did not investigate themenstrual cycle
of the participants.

Measurements

Chronotype and SJL
The Japanese version of the Munich Chronotype Question-
naire (MCTQ)26 was used to estimate chronotypes and SJL.
The MCTQ included questions about shift work, the number
of work/school and free days during the week, and bed and
wake times, including sleep/wake latency on work/school
and free days. The validity of the Japanese version of the
MCTQ has been shown in a previous report by Kitamura
et al.26

Chronotype, an individual’s preference for sleep timing,
was assessed usingmid-sleep time on free days corrected for
sleep debt on work days (MSFsc).27 As a behavioral indicator
of circadianmisalignment, SJL was calculated as the absolute
difference between the midpoint of sleep on work and free
days, based on the study by Wittmann et al.1

Objective Physical Activity and Sleep Parameters
All subjectswere asked towear a small triaxial accelerometer
(MTN-220, ACOS, Japan; diameter 27 mm, thickness 9mm,
weight 9 g, including batteries) around the left hip for 3 to
4weeks, at all times except when bathing, and to record their
morning wake times and bedtimes in a sleep diary. The
number of steps taken was employed as a quantitative
parameter for daily physical activity, and the mean number
of steps on school and free days taken from waking up to
bedtime was recorded. Some previous studies on physical
activity in university students have shown a high incidence
of sedentary time, primarily on weekend days.22,23 Since it
has also been suspected that SJL is expressed as the differ-
ence between physical activity on school days and free days,
as an indicator of physical activity associated with SJL, the
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ratio between steps taken on free days and on school days
was calculated in this study.

Previous studies have shown that adults aged 19 to
65 years with shorter sleep duration have higher SJL.28 In
this study, we measured the objective sleep variables of
participants and examined the relationship between sleep
variables and SJL or physical activity. Sleep-wake scoring
algorithm software (Sleep-Sign-Act version 2.0, KISSEI COM-
TEC CO., LTD., Matsumoto, Nagano, Japan) was used to
analyze the activity data obtained from the small triaxial
accelerometer together with wake times and bedtimes from
the sleep diary to calculate the following sleep parameters:
total sleep time (TST), sleep latency (SL), waking after sleep
onset (WASO), and sleep efficiency (SE).29 Validation of the
accuracy and convenience of this method has been previ-
ously described.29,30 Sleep parameter analysis was per-
formed based on whether the next day was a school day or
a free day. Physical activity and objective sleep data were
considered valid if participants had a minimum accelerome-
ter wear time of 10 days, with around 23hours per day.

Data Analysis
All data were initially recorded in a Microsoft Excel spread-
sheet (Microsoft Corp., Redmond, WA, USA) and later trans-
ferred to the Japanese version of the SPSS Statistics for
Windows, version 25.0 (IBM Corp., Armonk, NY USA) for
statistical analysis. The normality of distributions was
assessed using the Shapiro–Wilk normality test. All variables
met the assumption of normality, except a part of sleep
variables (e.g., SL and SE). Values were presented as mean�
standard deviation (SD). For each variable, 95% confidence
intervals (CIs) were calculated. A paired t-test was used to
compare the physical activity data and midpoint of sleep
between school days and free days. Pearson correlations
were performed between each measure of MSFsc, SJL, and
physical activity data. A linear regression analysis was per-
formedwhen the linear association between SJL and physical

activity was significant, and the physical activity that mini-
mized SJL was calculated from the regression equation. In
other words, y (steps) was calculated by substituting x (SJL)
with 0 in the linear regression equation. Wilcoxon signed-
rank test was used to compare the sleep variables between
school days and free days. The Spearman correlation coeffi-
cient was used for the correlation analysis between sleep and
other variables. The level of significance was set at p<0.05.

Results

Chronotype and SJL
As shown in ►Table 1, the average midpoint of sleep on free
days (5:05�1:00) was significantly (p<0.001) later than
that on school days (3:46�0:47). The mean SJL was
1:18�0:35 (95% CI, 1:09–1:27), and 76.5% participants
had SJL of � 1hour. None of the participants showed a
negative SJL value. As the average MSFsc of participants
was 4:32�0:56 (95% CI: 4:19–4:36), their mean chronotype
was estimated as “slightly late”2. Hence, a significant positive
correlation (r¼0.475; p<0.001) was found between MSFsc
and SJL.

Objective Physical Activity and Sleep Variables
The average number of valid data days was 21.3�6.8, and
91.9% of participants obtained valid data by properlywearing
the small triaxial accelerometers for more than
2 weeks. ►Table 1 compares the objective physical activity
and the sleep parameters between school days and free days.
The number of steps on free days was significantly lower
than on school days, and the average ratio of steps taken on
free days to those taken on school days was 86�27% (95% CI,
80–93). On free days, the TST was significantly longer
(t¼9.65; p<0.001) and SE was significantly higher
(t¼3.41; p<0.01) than those on school days. No differences
were observed between school days and free days for SL and
WASO.

Table 1 Comparison of objective physical activity, midpoint of sleep, and sleep variables between school and free days.

Variable School days
(95% CI)

Free days
(95% CI)

p

PA, steps per day 9,030�2,867
(8,336–9,724)

7,718�3,147
(6,956–8,479)

< 0.001�

Midpoint of sleep, h:min 3:46�0:47
(3:34–3:58)

5:05� 1:00
(4:50–5:20)

< 0.001�

TST, min 349� 49
(337–362)

424� 72
(406–442)

< 0.001�

SL, min 18� 10
(15–20)

17� 9
(14–19)

0.28

WASO, min 49� 25
(48–55)

53� 25
(47–60)

0.06

SE, % 82.7�6.6
(81.0–84.3)

84.4� 6.1
(82.9–86.0)

< 0.01�

Abbreviations: PA, physical activity; SE, sleep efficiency; SL, sleep latency; TST, total sleep time; WASO, waking after sleep onset.
Data presented as mean� SD (95% CI).
�Significant difference at p< 0.05.
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Relationship between SJL, Physical Activity, and Sleep
Variables
As shown in ►Figure 1, there was a significant negative
correlation between SJL and physical activity on school days
(r¼�0.342, 95% CI; 9,583–12,764 steps, p<0.01, adjusted
R2¼0.103) and on free days (r¼�0.435, 95% CI; 9,041–
12,386 steps, p<0.001, adjusted R2¼0.177). The physical
activitywith 11,174 steps on school days and 10,713 steps on
free days had the lowest SJL value (0:00) based on the linear
regression analysis of SJL and physical activity. Social jetlag
also showed a significant negative correlation (r¼�0.271;
95% CI, 0.87–1.18, p<0.05, adjusted R2¼0.059) with the
ratio of steps on free days to school days (►Fig. 2). Total sleep
time on free days had a significant positive correlation with
SJL (r¼0.399; p<0.001), and negative correlation with
physical activity on free days (r¼�0.520, p<0.001) and
the ratio of steps on free days to school days (r¼�0.305;
p<0.05). There was a significant positive correlation
(r¼0.292; p<0.05) between SL on school days and SJL.
Other sleep variables were not significantly associated
with SJL and physical activity.

Discussion

In this study, SJL and the chronotypes of female university
studentswere evaluated using theMCTQ. Relationshipswere
investigated using objective methods to obtain physical
activity and sleep indices. The results of this study revealed
that SJL and physical activity were significantly negatively
associated not only on school days but also on free days.
Social jetlag also showed a significant, weak, negative corre-
lationwith the ratio of steps taken on free days to those taken
on school days.

The mean� SD chronotype MSFsc in this study was
4:32�0:56, which was almost the same as that reported
in a previous study conducted in Japanese women of compa-
rable age.20 In addition, the proportion of those with SJL �
1hour shown in a previous study involving 150 female
university students in Japan10 was 78%, which was similar
to the results in this study (76.5%). The correlation coefficient
betweenMSFsc and SJL obtained in this study (r¼0.475) was
similar to that obtained in a previous study conducted on 228
university students (82.5% females, r¼0.516).31 Further-
more, the mean number of steps on free days in this study
was 7,718, which was slightly higher than the results of a
recent study of female university students in Portugal (mean
6,474 steps, n¼73)22 but similar to the results of a study in
Spain (mean 7,656 steps, n¼206).23 Moreover, the mean
number of steps on school days in this study was 9,030,
which was almost the same as reported in previous stud-
ies.22,23 Thus, the chronotypes, SJL, and physical activity of
the participants in this study appeared to be standard for
female university students.

In this study, SJL was negatively and significantly associ-
ated with objective physical activity on school days and free
days. In a previous study4 that investigated the relationship
between subjectively assessed physical activity using a
questionnaire and SJL in generally healthy volunteers, physi-
cal activity was lower in a groupwith a large SJL of� 2hours
than in a groupwith SJL of� 1hour. One explanation for this
phenomenon is that SJL causes chronic fatigue and

Fig. 2 Relationship between social jetlag and the ratio of steps
between free days and school days (n¼ 68).

Fig. 1 Relationship between social jetlag and physical activity on school days (left) and free days (right) (n¼ 68).
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drowsiness,32 resulting in low physical activity due to devot-
ing time to resting.19 In actuality, this study also found a
weak but significant positive association between SJL and
TST on free days, demonstrating that female university
studentswith larger SJL sleepmore on free days, asmeasured
by objective sleep indices. In addition, a study on the
relationship between SJL and physical activity in late-night
shift workers (work hours: 17:00–03:00) showed a negative
correlation for both indices.19 Late-night shift workers are
considered to have chronic fatigue and excessive sleepiness;
however, female university students with large SJL in this
study were also likely to experience chronic fatigue. Thus,
these students were thought to sleep longer on free days to
recover from fatigue.

A new result from this study showed the ratio of steps on
free days to that on school days to beweakly and significantly
negatively associated with SJL and also weakly and signifi-
cantly positively associated with TSTon free days. In general,
university students have lower activity levels on free days
than on school days.22,23,33 However, this difference in
physical activity between school and free days can be
interpreted as a manifestation of SJL. Thus, it was considered
reasonable that the students whose number of steps on free
days was lower than that on school days had more SJL and
longer TST on free days. In contrast, although there was no
significant correlation between step count ratio and SJL on
TSTon school days, this result was inferred to be due to social
schedule constraints. From the regression analysis of SJL and
physical activity in this study, the number of steps at which
SJL became the minimum (0:00) was 11,174 steps on school
days and 10,713 steps on free days, which was close to the
recommended daily physical activity of 10,000 steps for
maintaining good health.33 This value was calculated from
the mean number of valid measurement days (21.3) andwas
based on objective data that more adequately reflected the
university students’ daily lives, including free days. Many
previous studies relied on objective indices of physical
activity for university students. These investigations used
measurementdata from7 consecutive days,22,23whereas the
measurement period in this study was about 3 times longer
and, hence, considered sufficient.

The impact of SJL on the life of university students appears
to be serious. A previous study of SJL in 346 female university
students9 reported that an increase in SJL was associated
with decreased quality of life. Additionally, a previous
study10 involving 150 female university students showed
an association between SJL of� 1hour and severe menstrual
symptoms. Moreover, SJL has a negative impact on academic
performance.8,9 These findings suggest the need for inter-
vention to address the issue.

Social schedules, bright light,11,12 diet,13 and physical
activity12,14–16 are thought to be synchronizers of external
and internal rhythms. Among these, physical activity has
been shown to affect the mental health of university stu-
dents positively. For example, a study17 that surveyed the life
satisfaction, happiness, perceived health status, and physical
activity of 12,492 university students in 24 countries
reported that moderate or high-intensity physical activity

was associated with greater life satisfaction, happiness, and
views on health. Furthermore, a study on the relationship
between sedentary behavior and mental health in 244
university students18 showed that increased sedentary
time was associated with increased stress, anxiety, and
depression. Thus, increased physical activity and decreased
sedentary time have been suggested to positively affect the
mental health of university students. As this is a cross-
sectional study, causal relationships for both SJL and physical
activity indices cannot be discussed. However, increased
physical activity, particularly on free days, may have a
positive impact on reducing SJL. In actuality, SJL is considered
a measure of stress resulting from the discordance between
external and internal rhythms.21

This study has a few limitations.Wemeasured steps taken
by female university students as a quantitative parameter for
daily physical activity. Steps are a good indicator to assess the
quantity of daily activity but not the quality of physical
activity. Further, our results cannot be extrapolated to a
larger population because this study included only young
female subjects. Future studies are required to compare
results with a male population and accumulate data on SJL
mitigation through intervention studies to increase physical
activity.
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