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Abstract
Background Previous studies suggest that the forced changes in sleep timing and chronotype may be
associated with dietary intake. However, no studies have examined associations between objectively
measured sleep timing on weekdays and weekends and habitual dietary intake. This study aimed to
investigate the associations among university students.

Methods All the 35 healthy university students included in this study were asked to undertake a 7-day
wrist activity recording, and to record the bedtimes and wake-up times. All the participants also
completed a self-administered questionnaire during the recording period that included demographic
characteristics, habitual dietary intakes, and morningness-eveningness. Dietary intakes over the previous
1 month were evaluated using a self-reported dietary history questionnaire (DHQ). The Japanese version
of the Morningness-Eveningness Questionnaire (MEQ) was used to measure the self-rated morningness-
eveningness. The score for adherence to the Japanese Food Guide Spinning Top (food guide score) was
calculated from the results of the DHQ to assess the diet quality. Nocturnal sleep timing on each night
was estimated from the recorded wrist activity.

Results Multivariate linear regression showed that a later sleep timing on weekends was signi�cantly (p <
0.05) associated with lower intakes of pulses (β = −0.416) and dairy products (β = −0.396) and a lower
food guide score (β = −0.386), while the relative sleep timing on weekdays was not (p > 0.05). Multivariate
linear regression also showed that an earlier relative sleep timing on weekdays was signi�cantly (p <
0.05) associated with a lower intake of cereals (β = 0.548) and a higher intake of sugar and
confectioneries (β = −0.461), while the sleep timing on weekends was not (p > 0.05).

Conclusions The results suggest that later sleep timing on weekends and earlier relative sleep timing on
weekdays may be independently associated with unfavorable food intake in young adults. These �ndings
have important implications for the development of novel strategies for improving dietary intakes and for
preventing lifestyle-related diseases.

Background
Current lifestyles in developed countries have been affected and modi�ed by multiple aspects of the 24/7
(24 hours a day and 7 days a week) society. In the society, the wake period is expanding into the
nighttime due to the added opportunity for activities of daily living during the night or being forced to
work at night under arti�cial light. Such expansions can delay the phase of the central circadian clock
(the central clock, which drives the circadian rhythms of behavior and physiology) in the suprachiasmatic
nucleus (SCN). The circadian clock is associated with diurnal preference (i.e., chronotype or morningness-
eveningness, that is, the degree to which people prefer to be active in the morning or evening). It can also
change the phase relationship between the central circadian clock and sleep timing. Previous studies
have indicated that the later phase of the circadian clock, greater eveningness, and the changes in the
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phase relationship increase the risk of health problems such as obesity, diabetes, metabolic syndrome,
cardiovascular disease, and mortality [1-4].

 

There is growing evidence supporting the close associations of evening chronotype/preference with
unfavorable dietary intakes [5-7], which is a potential factor for weight gain and obesity. For example,
previous studies have shown associations of greater evening chronotype/preference with lower intakes
of rice, noodles, vegetables, pulses, eggs, and dairy products [8], and with higher intakes of
confectioneries [7, 8] and sugar-sweetened beverages exist in young adults [9, 10]. In nurses engaging in
day shift, our previous study has indicated that greater eveningness is associated with lower intakes of
green/yellow vegetables, white vegetables, fruits, and algae, and with higher intakes of
confectioneries/savory snacks, and sugar-sweetened beverages [6].

 

Recently, an epidemiological study showed associations of sleep timing on free days and the difference
between sleep timing on weekdays and weekends with dietary intakes in young adults [11]. Since the
circadian clock is a main determinant of bedtime and wake-up time on free days, sleep timing on free
days (i.e., chronotype) is associated with the phase of the circadian rhythm in the central clock [12, 13].
Regarding sleep timing on weekdays, social factors such as school and work start time in students and
workers, respectively, also affect the timing [14]. Thus, the results of the previous study suggest that
dietary intake may be associated with the forced changes in sleep timing (i.e., changes in phase
relationship between the central circadian clock and sleep timing), as well as chronotype. However, to the
best of our knowledge, no studies have examined associations of objectively measured sleep timing on
weekdays and weekends with habitual dietary intake.

 

Therefore, in this study, our purpose was to elucidate associations of the objectively measured sleep
timing on weekend nights and sleep timing on weekday nights relative to that on weekend nights in real-
life situations with habitual dietary intake in university students. To assess sleep timing, we recorded the
continuous wrist activity over a week [15]. A previous study has found that sleep timing on Sunday night
(i.e., weekday night) relative to that on Saturday night (i.e., weekend night) is positively associated with
reward-related reactivity in the brain inhibitory controller (i.e., prefrontal cortex), in mid/late adolescents
[16]. Considering together with the indications of the associations between the brain reward system and
dietary intake [17], we examined associations of relative sleep timing on weekdays (not the absolute
difference between sleep timing on weekdays and weekends) with habitual dietary intake.

Methods

Participants
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The participants, recruited in this cross-sectional study through �yers and bulletin board poster, were 44
healthy Japanese university students (24 males and 20 females), aged 20–24 years. The sample size
required for the multivariate regression analyses was calculated using G* Power software [18]. The
calculation, based on an assumption of 2 independent variables, a priori large effect size (0.35) at an α
error level of 0.05, and a power (1 − β error probability) of 0.90, resulted in a total sample size of 40. None
of the participants took any medications for more than a month before the 7-day recording of wrist
activity. Inclusion criteria for participation in the study were: free of unusual events during the 7-day
recording period, no sleep disturbance symptoms, and no hospitalization in the past year for eating
disorders or serious medical illness. Each participant gave his/her written informed consent to participate,
after having been provided with the full description of the test protocol, aim, and prospective effect on
their health. All the study procedures were reviewed and approved by the Institutional Review Board of
Toyo University (Approval No. TU2016-001).

 

Study protocol
All participants completed a self-administered questionnaire during the recording period that included
demographic characteristics, morningness-eveningness preference, and habitual food intakes. The
questionnaires submitted by the participants were checked for missing data and inconsistencies by a
well-trained dietitian. Wrist activity was continuously measured using Actigraph (AMI Ltd., Ardsley, NY),
over the 7-day period, including weekdays and weekends under the free-living condition. The Actigraph
recording, which began on Wednesday 21:00, was completed on the next Wednesday 21:00. Each
participant was asked to wear Actigraph on the wrist of the non-dominant arm and not to remove the
device during the recording period except for when taking a bath. To con�rm their routine sleep-wake
cycle in the free-living condition, we also asked the participants to record their self-rated bedtimes and
wake-up times during the recording period in a sleep diary.

 

Data processing
Actigraph was programmed to continuously collect activity data in a minute epoch with the zero crossing
method, which counted the number of times of zero level crossing in the synthetic acceleration signal
during each epoch [19]. When the participants had a non-daily routine during the recording period or had
missed the recording because they forgot to wear the device or due to device failure, the participants’ data
were excluded from the statistical analysis.
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Cole’s algorithm [20] was used to score the sleep or wake in each 1-min epoch over the 7-day activity
data. To identify the nocturnal sleep duration per day, bedtimes and wake-up times given by the
participants in their daily sleep diaries were used to set the interval for calculating the total minutes for
sleep epoch per night. Sleep durations on weekdays and weekends were calculated as the mean sleep
durations from Sunday to Thursday nights and for Friday and Saturday nights, respectively.

 

To estimate the nocturnal sleep timing per night, the sleep/wake (0/1) scored data over the 7-day period
were �rstly processed using a band-pass �ltering from 0.9 to 1.1 Hz for a 24-hour period. Then, the �ltered
signals were applied to the Hilbert transform to obtain the phase angles of the �ltered signal. The timing
of sleep (Figure 1) was estimated using the times at ±pi radians in the transformed data. The sleep
timing on weekend nights was calculated as the mean of sleep timing on Friday and Saturday nights,
while the sleep timing on weekday nights during the 7-day period was calculated as the mean sleep
timing on Sunday, Monday, Tuesday, Wednesday, and Thursday nights. The relative sleep timing on
weekday nights during the 7-day period was calculated by subtracting the sleep timing on weekends from
the sleep timing on weekdays. A negative value means that the sleep timing on weekday nights is earlier
than that on weekend nights.

 

Self-administered questionnaire
The questionnaire included demographic characteristics of the participants: age, height, weight,
residential status, drinking habits, and smoking habits. Drinking and smoking habits were evaluated on
the basis of the National Health and Nutrition Survey de�nitions [21]: drinking of more than 22 g of
alcohol per day for more than three times per week, and currently smoking and having smoked for more
than 6 months, or currently smoking and having smoked a total of 100 cigarettes, respectively. Body
mass index (BMI) was calculated on the basis of the self-reported height and weight [weight/height2

(kg/m2)]. The Japanese version of the Horne-Östberg Morningness-Eveningness Questionnaire (MEQ)
[22] was used to measure the self-rated diurnal preference, in which lower values indicate greater
eveningness. Habitual dietary intakes, except for dietary supplement over the past month were evaluated
using a self-reported dietary history questionnaire (DHQ), for which the validity and reproducibility have
been reported in a previous study already [23]. Intakes of total energy, protein, fat, carbohydrate, and each
food groups were assessed. To examine dietary compositions, each food group intake was adjusted by
the total energy intake and sex using the residual method [24-26].

 

The score for adherence to the Japanese Food Guide Spinning Top (food guide score) was calculated
from the results of the DHQ to assess diet quality [27]. Details of the score has been previously shown
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[27]. In brief, the scores (ranging from 0–10 points) for the servings of 7 categories of the Japanese Food
Guide Spinning Top, such as grain dishes, vegetable dishes, �sh and meat dishes, milk and milk products,
fruits, energy intake from confectioneries, and total energy intake were calculated based on the reference
amounts. Finally, the scores of all categories were summed to provide the food guide score (ranging from
0–70 points). A higher score represents a greater adherence to the dietary recommendations of the
Japanese dietary guidelines.

 

Statistical analysis
Of the 44 participants who undertook the 7-day recording, 8 that did not sleep for more than one night for
any reasons (e.g., participating in non-habitual events during the nights) during the recording period were
excluded from the statistical analyses. Furthermore, a participant with a BMI outlier (43.0 kg/m2), which
was detected by the Smirnov-Grubbs test at a signi�cance level of 0.05, was excluded. Therefore, 35
participants (21 males and 14 females) were included in our statistical analyses. Pearson’s correlation
coe�cients were used to assess the associations of the sleep timing on weekends and the relative sleep
timing on weekdays with demographic characteristics and habitual dietary intakes, and the associations
of the sleep durations on weekdays and weekends with habitual dietary intakes. We dichotomized the
participants based on the sleep timing on weekends at its median value into early (n = 17) and late (n =
18) sleepers, to determine the association between the sleep timing on weekends and the changes in
sleep timing over the recording period. Linear mixed-effect model was used to analyze the effects of the
group of weekend sleep timing (dummy: early sleepers = 0, late sleepers = 1), the day of the week
(dummy: Wednesday nights = 0, Thursday/Friday/Saturday/Sunday/Monday/Tuesday nights = 1), and
the interaction terms between them on the daily sleep timings. Multivariate linear regressions were
performed to explore the independent associations of the sleep timing on weekends and the relative sleep
timing on weekdays with habitual food group intakes. Residential status was included as a covariate in
the multivariate linear regression analysis (dummy: living alone = 0, other = 1). To con�rm the effects of
the excluded participants, we used unpaired t-tests and χ2 tests for continuous and categorical variables,
respectively, to examine the differences in characteristics between the excluded participants and those
included in the main analysis. All statistical analyses were performed using Stata 16 (Stata Corporation,
College Station, TX, USA). P values less than 0.05 were considered statistically signi�cant using two-
tailed tests.

Results
The mean age, height, weight, BMI, and the proportion of female participants were 21.0 (range, 20–24)
years, 166.2 (range, 151.3–184.0) cm, 59.0 (range, 45.5–77.6) kg, 21.3 (range, 17.4–28.0) kg/m2, and
40%, respectively. The following characteristics of the excluded participants (n = 9) were not signi�cantly
different (p > 0.05) from those of the included participants in the main analysis: age (mean ± standard
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deviation [SD]), 21.2 ± 0.7 years; height, 163.3 ± 9.4 cm; weight, 63.1 ± 27.0 kg; BMI, 23.2 ± 7.5 kg/m2; and
the proportion of females, 66.7%.

 

The associations of the sleep timing on weekends and the relative sleep timing on weekdays with
demographic characteristics are shown in Table 1. A later sleep timing on weekends was signi�cantly (p <
0.05) associated with a later sleep timing on weekdays (r = 0.706), a lower MEQ score (r = −0.729), and
an earlier relative sleep timing on weekdays (r = −0.561) (Table 1). An earlier relative sleep timing on
weekdays was signi�cantly associated with being less likely to be living alone (p < 0.05).

 

(Please insert Table 1 here)

 

The sleep timing over the 7-day recording for the groups of early and late sleepers on weekend are shown
in Figure 2. The main effect of the group on the sleep timing (i.e., the difference of the sleep timing for
Wednesday night between the groups) and the main effects of the day of the week on the sleep timing
were not signi�cant (p > 0.05). The interactive effects of the group and the day of the week (group × day
of the week) on the sleep timing were signi�cant (p < 0.05) only for Friday and Saturday nights.

 

Associations between the sleep timing on weekends or the relative sleep timing on weekdays and
habitual nutrient or food group intakes are shown in Table 2. A later sleep timing on weekends was
signi�cantly (p < 0.05) associated with lower intakes of pulses (r = −0.411) and dairy products (r =
−0.410). An earlier relative weekend sleep timing on weekdays was signi�cantly (p < 0.05) associated
with a lower intake of cereals (r = 0.460) and a higher intake of sugar and confectioneries (r = −0359).
The sleep durations on weekdays and weekends were not associated with any habitual nutrient or food
group intakes (p > 0.05), except for the associations between the sleep duration on weekends and intakes
of white vegetables (r = 0.347, p < 0.05) and fats and oils (r = 0.366, p < 0.05).

 

(Please insert Table 2 here)

 

Regarding the intakes of pulses, dairy products, cereals, and sugar and confectioneries, we examined the
independent associations of the sleep timing on weekends and the relative sleep timing on weekdays
with the intakes of the food groups (Table 3). Multivariate linear regression showed that a later sleep
timing on weekends was signi�cantly (p < 0.05) associated with lower intakes of pulses (β = −0.416) and
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dairy products (β = −0.396) and a lower food guide score (β = −0.386), while the relative sleep timing on
weekdays was not (p > 0.05). Multivariate linear regression also showed that an earlier relative sleep
timing on weekdays was signi�cantly (p < 0.05) associated with a lower intake of cereals (β = 0.548) and
a higher intake of sugar and confectioneries (β = −0.461), while the sleep timing on weekends was not (p
> 0.05).

 

(Please insert Table 3 here)

Discussion
This study aimed to clarify the associations of the objectively measured sleep timing with habitual
dietary intake in Japanese university students. We found that sleep timing on weekends was negatively
associated with intakes of pulses and dairy products and the food guide score. In addition, we also found
that the relative sleep timing on weekdays was positively associated with intake of cereals and
signi�cantly negatively associated with intake of sugar and confectioneries. These results suggest that
later sleep timing on weekends and earlier relative sleep timing on weekdays may be independently
associated with unfavorable food intakes in young adults.

 

A lower food guide score has been shown to be associated with increased risks of cardiovascular disease
and cerebrovascular disease mortality [27]. A previous longitudinal study has indicated that a higher
intake of sugar, adjusted for total energy intake, is associated with an increased risk of depression [28].
Considering the fact that young adults tend to have later sleep timing on free days [29], weekend sleep
timing and the relative sleep timing on weekdays may be noted for preventing/improving unfavorable
food intake in young adults.

 

Variables of sleep timing including sleep timing on weekends and the relative sleep timing on weekdays
correlate with each other, as shown in the results of this study (Figure 2, Table 1), because these timings
are associated with the phase of the central circadian clock on free days or diurnal preference for activity
timing. For example, on free days, a later phase in the circadian clock or greater evening preference
induces later sleep timing (i.e., staying up later at night and waking up later in the morning) [13]. On non-
free days, when there are socially determined schedules including classes or work in the early morning,
wake-up time tends to be earlier compared with the time on free days for individuals with a later phase in
the circadian clock on free days, or greater evening preference for activity timing. This means that their
relative sleep timing on weekdays tend to be earlier compared with those of individuals with an earlier
phase in the circadian clock on free days [30]. Partly because of this relationship, it has remained unclear
whether sleep timing on weekends and the relative sleep timing on weekdays are independently
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associated with the amounts of habitual food intakes. We have �rstly demonstrated that sleep timing on
weekends and the relative sleep timing on weekdays may be independently associated with habitual food
intakes in young adults.

 

Previous studies have shown close associations of evening chronotype/preference with unfavorable
dietary intake [5-7]. Our results support the association between later sleep timing on weekends (i.e.,
greater eveningness in chronotype) and a greater unfavorable dietary intake. Regarding the intakes of
each food group, an epidemiological study [8] examined the association between the midpoint of sleep
on weekdays and habitual dietary intake using the DHQ at a month, which included spring vacation days,
among Japanese young adults. The study has shown that later timing of the midpoint of sleep is
associated with lower intakes of rice, noodles, vegetables, pulses, eggs, and dairy products; and higher
intakes of confectioneries, fats and oils, and meats. Our results, which were obtained after controlling for
the relative sleep timing on weekdays, are partly consistent with the results of the previous study.

 

The observed negative relationship between the relative sleep timing on weekdays and the amount of
sugar and confectioneries intake indicates that earlier sleep timing on weekdays compared with that on
weekends was associated with a higher intake of sugar and confectioneries, while later sleep timing on
weekdays compared with that on weekends was associated with a lower intake of sugar and
confectioneries. Although, this association has not been revealed in previous epidemiological studies,
associations between the absolute difference between sleep timing on weekdays and weekends (i.e.,
social jetlag) and food intakes have been examined in undergraduate students and patients with obesity-
related chronic diseases [11, 31]. The study among undergraduate students reported that the absolute
difference between sleep timing on weekdays and weekends was not associated with the number of the
serving of sugar and sweets [11]. In this study, although we found a negative relationship between the
relative sleep timing on weekdays and the amount of sugar and confectioneries intake, we could not �nd
a signi�cant association between the absolute difference and the amount of sugar and confectioneries
intake (r = 0.2389, p = 0.1668). The study among patients with obesity-related chronic diseases reported
that the presence (> 1 hour) of absolute sleep timing difference between weekdays and weekends was
signi�cantly associated with the number of serving of sweets [31]. However, it is noted that, in the
patients with sleep timing difference, the mean bedtime and wake-up time on weekdays were earlier (100
mins and 180 mins, respectively) than those on weekends. These indicate that the association may be
obtained because the group of the presence of sleep timing difference included, primarily, individuals with
earlier sleep timing on weekdays compared with that on weekends. Thus, the results of the previous
studies do not deny the possibility that later sleep timing on weekdays compared with that on weekends
is associated with a lower intake of sugar and confectioneries.
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Although the brain/neuronal mechanisms of the negative linear association of the relative sleep timing
on weekdays and the amount of sugar and confectioneries intake are unclear, the results of previous
studies on the brain reward system may support the possibility of the association. The acute sleep timing
shift, which can be caused by social factors such as school and work start time, and which can change
the phase relationship between the central circadian clock and sleep timing, has been reported to be
associated with the brain reward system [16]. The previous study has shown that greater weekend-
weekday advances and delays in sleep timing is associated with decreased and increased medial
prefrontal cortex (mPFC) reactivities, respectively, both during reward anticipation and during reward
outcome in the mid/late adolescents, while it is not associated with ventral striatum reactivities during
reward outcome [16]. Dopamine-mediated reward pathways play a major role in reward-motivated
behaviors such as food intakes [32] and involve the mPFC, which acts as a part of the inhibitory controller
(i.e., PFC) of the nucleus accumbens [32]. Regarding these associations, for example, transcranial direct
current stimulation studies have shown that the active stimulation on the PFC suppresses the craving for
sweet foods [33, 34]. These results indicate that earlier relative sleep timing on weekdays, and not later
relative sleep timing on weekdays, may be associated with an elevated reward-motivated food intakes
(e.g., intakes of sugar and confectioneries) because of the reduced regulatory control to reward [16]. In
addition, we observed a negative linear relationship (r = −0.321, p = 0.06) between the relative sleep
timing on weekdays and intake of sugar-sweetened beverages at a trend level (Table 2). The next step
would be to examine the brain/neuronal mechanisms of the observed relationship between the relative
sleep timing on weekdays and food intakes.

 

Our results also showed a signi�cant association of earlier weekday sleep timing with a lower intake of
cereals. Although, a higher intake of sugar and confectioneries may contribute to a lower amount of
intake of cereals because of a signi�cant negative relationship between them (r = −0.463, p < 0.01),
reasons for the signi�cant association of the relative sleep timing on weekdays with the intake of cereals
is unclear. This should also be examined in future studies.

 

Several limitations in this study should be taken into consideration. First, this cross-sectional study was
not able to establish causal association of sleep timing on weekends and the relative sleep timing on
weekdays with food group intakes. Longitudinal and interventional studies are required to test whether
sleep timing on weekends and the relative sleep timing on weekdays have a certain effect on food intakes
and whether the changes in food intakes mediate associations between the sleep timing and lifestyle-
related diseases. Second, it is possible that some residual confounding might remain because of
unmeasured or non-adjusted factors. Third, we did not assess the circadian phase of the participants.
The associations between dietary intake, sleep timing, and measures of circadian phase, such as the
acrophase of 24-h melatonin concentration or the dim light melatonin onset need to be further
investigated. Finally, the generalization of our results may be limited because the samples consisted of
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only Japanese university students whose dietary quality on average is poorer than that of the average
quality in Japanese adults [27]. Studies in other populations may be required.

Conclusions
Later sleep timing on weekends and earlier sleep timing on weekdays relative to that on weekends may
be independently associated with unfavorable food intakes such as less adherence to the dietary
recommendations for Japanese, and higher intakes of sugar and confectioneries in young adults. These
�ndings have important implications for the development of novel strategies for improving dietary
intakes and for preventing lifestyle-related diseases.
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Figures

Figure 1

An example of wrist activity counts and sleep-wake pattern over the 7-day recording. Data are double-
plotted to better visualize changes in sleep timing. Estimated sleep epochs are indicated by the gray zone.
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Estimated sleep timing for each night are indicated by the red triangles. Epochs for removing Actigraph
because of taking a bath are indicated by the blue zone.

Figure 2

Sleep timing over the 7-day recording for early sleepers and late sleepers on weekend nights. Values are
shown as mean ± SE. *Signi�cant interaction (p < 0.05) between the group of weekend sleep timing and
the day of the week SE, standard error
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Figure 3

Relationship between sleep timing and the selected food group intake or the food guide score. Food
group intake was adjusted by the total energy intake and sex using the residual method.
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