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ABSTRACT

The present cross-sectional study investigated relationships between past and current exercise habits, body
composition, and chronotypes in female university students. Physical activity, Morningness-Eveningness
Questionnaire (MEQ) scores and body composition were assessed in 251 students. Participants were asked
about their current exercise habits and in high school habits; each measure was compared among students
with consistent exercise habits since high school (EX-EX, n = 84), those with exercise habits only in high
school (EX-NO, n = 81), and those without consistent exercise habits since high school (NO-NO, n = 86).
The MEQ scores of NO-NO were significantly lower than those of EX-EX and EX-NO, and approximately
40% of NO-NO were of the evening type. However, the MEQ scores were not significantly different between
EX-EX and EX-NO. Furthermore, about 51% of NO-NO had body fat 230% even with a normal range of body
mass index, which was proportionately higher than in the other groups. These results suggest that students
who had an exercise habits in high school did not show differences in chronotypes owing to their current
exercise habits. However, students without consistent exercise habits since high school may be associated
with the late chronotype and higher prevalence of normal weight obesity.
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INTRODUCTION

The university period in a student’s life is considered to be an appropriate stage for the acquisition of healthy
lifestyle habits, given the transition to an autonomous life (Sempere-Rubio et al. 2022). Nevertheless,
universities are also known to facilitate the transition to an unhealthy lifestyle compared to previous school
years. A recent review found that although physical activity (PA) declines with transition from high school to
university, changes in dietary habits are inconsistent (Winpenny et al. 2020). Furthermore, such a decrease
in PA is also reported to be associated with an increase in body weight or body mass index (BMI) (Crombie
et al. 2009; Winpenny et al. 2020). Lower PA and/or sedentary behaviour may also be associated with an
imbalance in body composition, such as 'normal weight obesity' (NWO) (Wijayatunga and Dhurandhar 2021).
In particular, PA among young people in many countries has been reported to be lower in females than in
males (Bauman 2009). Indeed, a recent study on female university students found that even those students
who had previously exercised regularly had reduced muscle mass if their current PA level (PAL) was low,
despite no difference being observed in BMI (Oshita and Myotsuzono 2021) and it is associated with the
NWO (Oshita, Myotsuzono and Tashiro, 2022). Therefore, young females, such as university students, are
more likely to be physically inactive, making it important to focus on their body composition.

Regarding daily rhythms, individuals exhibit a time orientation, known as the chronotype. The sharp maximum
of lateness in the chronotype [i.e., transition to an evening type (ET)] occurs around the age of 20 years
(Roenneberg et al. 2004). Although associations between this later chronotype (i.e., ET) and various lifestyle
behaviours have been described, an association with PA has also been observed. Recent systematic reviews
have found that a later chronotype is associated with less physical activity and more sedentary behaviour
(Sempere-Rubio et al. 2022). In addition, a recent study of female university students reported that later
chronotype and lower PA were significantly associated with higher body fat and lower muscle mass and
suggested the need for chronotype-specific interventions to achieve appropriate body composition (Oshita et
al. 2024). Therefore, research on the body composition of university students should focus not only on
lifestyle behaviours, but also on their chronotypes.

However, the aforementioned systematic review found that although a chronotype is definitely associated
with PA after the mid-20s, the association is weaker in university students and individuals in other age groups
(Sempere-Rubio et al. 2022). In contrast, another review reported that an early chronotype [morning type
(MT)] exhibited higher PAL and less sedentary behaviour than ET in children and adolescents (Huang et al.
2024). Therefore, association of the chronotype of university students need to be considered not only with
current PA but also with past PA. This means that even if students did not have a habit of PA at the university
level, if they did have this habit during adolescence, such as in high school, their chronotype may differ from
that of those who did not have a consistent PA habit. Furthermore, it may be important to investigate the
relationship between such differences and body composition as a health-related factor. Therefore, the
present study investigated the relationship between high school and current exercise habits and body
composition or chronotypes among female university students.

MATERIAL AND METHODS

Participants

The participants were 304 Japanese female university students aged between 18 and 22 years. Of these, 29
participants who provided incomplete responses in the survey were excluded. In addition, 15 participants
with a PA level (PAL) >2.3 were excluded because extremely high PAL may influence the chronotype, as
reported in a previous study (Oshita et al. 2024). The remaining 260 participants were divided into two groups:
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those with current exercise habits (n = 93) and those without exercise habits (n = 167). Among the participants
who did not have current exercise habits, those who also did also not have exercise habits in high school
were classified as the NO-NO group (n = 86), and those who had exercise habits in high school were
classified as the EX-NO group (n = 81). Among the participants who had current exercise habits, those who
had also had exercise habits in high school were classified as the EX-EX group (n = 84). As only nine
participants had no exercise habits in high school as well as current exercise habits (NO-EX), they were
excluded from the study. For ethical reasons, participants were informed in advance that the survey would
be anonymous, that it would be used for the purpose of this study and not for any other purpose, and that
any data not used in the study would be discarded. If the results of the survey were to be published, the
participants were informed that the data collected would be statistically processed and then published in such
a way that individuals could not be identified and that the survey would only be carried out if participants
consented. This study was approved by the Research Ethics Committee of Kyushu Kyoritsu University
(approval number: 2022-08).

Study enrollment; n = 304
Completion of survey
- Exercise habit
* Daily activity
+ Chronotype
* Body physique & composition

| Excluded: incomplete survey responses
n=29

| Excluded: very high PAL (2.3 or higher)
n=15

Analytical study sample

n= 260

Current exercise habit

N| Jves

Y
Statistical analysis

Figure 1. Flow diagram outlining selection of participants for this study.

Questionnaire-based survey and evaluation
Participants completed a questionnaire on their exercise habits, PA status, and chronotype.

Exercise habits and PAL

Two types of questions were asked regarding the participants' exercise habits. Current exercise habits were
assessed using the following question: “Do you exercise at least twice a week for more than 30 minutes each
time, excluding sports activities in university classes”. Responses to this question were obtained by selecting
'ves' or 'no'. The participants' previous exercise habits were determined by answering the following question:
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“When you were in high school, did you exercise at least twice a week for at least 30 minutes at a time,
excluding sports activities in high-school classes. Responses to this question were obtained by selecting 'yes

I

or ‘no’.

Average daily activity and exercise time on weekdays during the previous month were assessed using a daily
activity diary. The PAL of each activity was assessed by calculating the daily average of each classified
activity using the product of the energy expenditure index, expressed as a multiple of basal metabolic rate
(BMR) and activity time. This method was based on a study that estimated PAL according to the lifestyle of
university students based on the “Dietary Reference Intakes for Japanese people” (Oshita and Myotsuzono
2021).

Chronotypes

The Japanese version (Ishihara et al. 1984) of the Horne and Ostberg (1976) Morningness-Eveningness
Questionnaire (MEQ) was used to assess chronotypes. Individuals exhibiting a chronotype were classified
as: definitely MT (score: 70-86) or moderately MT (score: 59-69), neither type (NT; score: 42-58), and
moderately ET (score: 31-41) or definitely ET (score: 16-30) (Horne and Ostberg 1976). In the present study,
definitively MT and moderately MT were classified as MT, and definitively ET and moderately ET as ET.

Body physique and composition

Body weight and body composition were measured using a body composition analyser (MC-780; Tanita,
Japan) and employing the method of multi-frequency bioelectrical impedance analysis. Prior to these
measurements, the participants were asked to remain in a seated resting position for 30 min. The participants
were asked if they had any urination or bowel movements before the measurements. Subsequently, they
wiped their palms and soles with alcohol-free wet wipes to moisten and clean the electrode contact areas,
stepped onto the electrode section of the device, and grasped the hand electrodes with both palms. The
results of the measurements included body weight, body mass index (BMI), body fat percentage (%BF), fat-
free mass (FFM) and appendicular muscle mass (AMM), which were then used for analysis.

Statistical analyses

The mean and standard deviation (SD) of each variable were calculated for all participants. The Kruskal-
Wallis test was used to compare variables between groups, and the Dunn-Sidak test was used for multiple
comparisons. Additionally, the d-value was calculated as the effect size using Cohen's method. The
proportions of participants that showed ET, NT, and MT in each group were also compared using the chi-
squared test. The proportions of participants with BMI <18.5 kg/m2, 18.5-24.9 kg/m?, and =25 kg/mZ in each
group were compared using the chi-squared test. In addition, from the NW-O perspective, a chi-squared test
was used to compare the proportions of participants in each group showing a BMI between 18.5 and 24.9
kg/m2with %BF of <30% and those with =230%. Although the criteria for %BF to assess NW-O vary and are
not standardized, many studies have used a %BF of 30% in females (Wijayatunga and Dhurandhar 2021).
Additionally, the V value was calculated as the effect size using Cramer's method.

The StatFlex statistical software (ver. 7.0.10; Artec, Osaka, Japan) was used for the aforementioned
statistical procedures, with statistical significance level set at p < .05.

RESULTS

Measurements for all participants are shown in Table 1 (left), and those for each group are shown in Table 1
(right). Although height and weight were significantly higher in the EX-EX group than in EX-NO and NO-NO
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groups, age and BMI were not significantly different among the groups. Regarding body composition, %BF
of the EX-EX group was significantly lower (25.5 £+ 5.5%) than that of EX-NO and NO-NO groups (28.9 £
4.9% and 30.7 £ 5.7%, respectively), and FFM of the EX-EX group was significantly higher (42.1 + 4.3 kg)
than that of EX-NO and NO-NO groups (38.4 £ 4.1 and 35.9 £ 3.6 kg, respectively). In addition, FFM of the
EX-NO group was significantly higher than that of NO-NO group. These effect sizes were moderate to large
(d=10.59-1.61). These results indicate that the individuals in the EX-EX group had lower body fat and higher
muscle mass than those in EX-NO and NO-NO groups, although no differences in BMI were found. PAL was
significantly higher in the EX-EX group (2.0 £ 0.2) than in EX-NO and NO-NO groups (1.7 £ 0.2 and 1.6 £
0.2), with a large effect size (d = 1.31). Although PAL was significantly lower in the NO-NO group than in EX-
NO group, the effect size was small (d = 0.46). MEQ scores were significantly lower in the NO-NO group
(44.3 £ 9.5) than in EX-EX and EX-NO groups (49.7 £9.2 and 47.6 + 8.7), but the effect size was not large
(d=0.23-0.36).

Table 1. Means and standard deviations of parameters for all participants and for each group.

Kruskal Effect size (d)
(n‘:"z'; ) (ﬁX: 'a() (EIX;';% (':l‘):';g) Wallis  Ex-Exvs. Ex-Exvs. Ex-Novs.

H p Ex-No No-No No-No
Age () 188+09 187+06 189+09 188+11 15 47 019 0.13 0.00
Height (cm) 158.2+58 160.5+5.9 1580+52" 156.4+5.6* 183 <.01 0.45 0.70 0.00
Weight (kg) 54.3+82 56.8+81 543+73 523+86* 150 <01 033 0.54 0.25
BMI (kg/m?) 21.7+27 220+24 217124 21432 54 07 0.12 0.23 0.13
%BF (%) 284+£57 255+55 289+49* 30757 341 <01 0.66 0.93 0.34
FFM (kg) 38.7+47 421+43 38441 359+36%F 726 <.01 0.86 1.54 0.66
AMM (kg) 171+£28 192+26 16.7+£24* 1565+1.9% 757 <01 0.96 1.61 0.59
PAL 1.8+0.3 20+0.2 1.7£02* 16+02% 906 <01 1.31 1.68 0.46
MEQ 47+94 49792 47687 443+95% 131 <01 0.23 0.57 0.36

Note. * vs. EX-EX, 1; vs. EX-NO, p < .05 (Dunn-Sidak test).

Table 2 shows the chronotype classification for each group: the percentages of MT, NT and ET were 20.2%,
59.5% and 20.2%, respectively, in the EX-EX group; 11.1%, 60.5% and 28.4%, respectively, in the EX-NO
group; and 9.3%, 53.5% and 37.2%, respectively, in the NO-NO group. The percentage of MT was
significantly higher in the EX-EX group, whereas the percentage of ET was significantly lower in the EX-EX
group and significantly higher in the NO-NO group.

Table 2. Number of participants of morning type (MT), Neither type (NT), and evening type (ET) in each
group.

Chronotype
MT NT ET
EX-EX 22)?;% 595.2% 22).72v%
EX-NO 11 %% 60‘172% 282.2%
NO-NO gg% 53‘172% 3?.2;%

Note. x2(4) = 9.00, p = .06, Cramer's V=0.13. A and ¥ significantly higher and lower (residual analysis).

Table 3 shows the classification of BMI in each group. Most of the participants in each group had a BMI
between 18.5 and 24.9 kg/m2 (=78%), and results of the chi-squared test showed no significant differences.
Table 4 shows the distribution of %BF for participants in each group with a BMI between 18.5 and 24.9 kg/m2.
The percentages of those with %BF <30% and =30% were 90.4% and 9.6%, respectively, in the EX-EX
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group; 59.7% and 40.3%, respectively, in the EX-NO group; and 49.3% and 50.72%, respectively, in the NO-
NO group. Although the number of participants with %BF <30% was significantly lower in the EX-EX group,
that with %BF 230% was significantly higher in the NO-NO group.

Table 3. Number of participants in each group with BMI <18.5 kg/m?, 18.5-24.9 kg/m?, and 225.0 kg/m2.

BMI (kg/m?)
<184 18.5-24.9 >25.0
EX-EX 1 ;% 867.3% 1 11.8%
EX-NO 72% 32,6770% 9.3%
NO-NO gg% 827.23% 8;%

Note. x2(4) = .82, p = .21, Cramer's V= 0.11.

Table 4. Number of participants with body fat <30.0% and =30.0% among those with BMI between 18.5 and
24.9 kg/m2 in each group.

%BF (%)
<300 >30.0
EX-EX 9?)6.3:% 0%
EX-NO 50700 s0.5%
NO-NO o 0%

Note. x2(4) = 29.69, p <.01, Cramer's V= 0.38. A and V¥ significantly higher and lower (residual analysis).
DISCUSSION

The results of this study showed that the Ex-Ex group had significantly higher PAL than EX-NO and NO-NO
groups. Consequently, the EX-EX group had higher FFM or AMM and lower %BF, and the effect sizes were
moderate to large. This is consistent with a previous study showing that even if female university students
had a habit of exercising in high school, they had lower muscle mass if their current PAL was low (Oshita
and Myotsuzono 2021). Therefore, these results suggest that current exercise habits are a contributing factor
to appropriate body composition. In contrast, neither the participants in the NO-NO nor in EX-NO groups had
current exercise habits, and although there was a significant difference in PAL, the effect size was small.
However, FFM and AMM were significantly lower in the EX-NO group than in the EX-EX group and the effect
size was moderate. A study on women aged 18-28 years reported that exercise habits at 7 years of age or
older had a positive effect on muscle mass (Ayabe et al. 2019). In the present study, the NO-NO group did
not have the opportunity to consistently gain higher muscle mass from the past to the present, which may
have resulted in the differences in FFM and AMM between the NO-NO and EX-NO groups.

Regarding association with chronotypes, no significant differences in MEQ scores were found between the
EX-EX and EX-NO groups. A previous review had shown an inconsistent relationship between PA and
chronotypes in university students (Sempere-Rubio et al. 2022). The present study also showed that
university students who had exercised in high school (i.e., the EX-EX and EX-NO groups) did not differ in
chronotypes according to their current exercise habits. In contrast, both the NO-NO and EX-NO groups did
not have current exercise habits, although the NO-NO group had significantly lower MEQ scores. A
relationship between lower PAL and later chronotype has also been observed in children and adolescents
(Huang et al. 2024). Therefore, the specific chronotype (e.g., ET of MT) shown owing to previous PA may
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not be fully modified by current PA. This may explain why the relationship between the chronotype and PA
observed in the mid-twenties is not consistent in university students.

As the current study is a cross-sectional study, the causal relationship between PA and chronotype is not
known. Therefore, it is not known whether exercise habits influence an individual’s morning chronotype or
whether the morning chronotype has an advantage in establishing one’s exercise habits. A previous study
on circadian phase (not chronotypes) showed that exercise in young adults with ET advanced the circadian
phase regardless of the time of exercise (Thomas et al. 2020). Furthermore, light exercise in the morning in
inactive adolescents with a later chronotype (Lang et al. 2022) and a gradual earlier exercise schedule among
them (Richardson et al. 2017) have been suggested to advance the circadian phase. Although the
mechanism between PA and circadian rhythm is not known, moderate exercise during the day has been
suggested to promote adjustment of circadian rhythm, similar to stimulation with light (Hower et al. 2018).
Therefore, depending on the time of exercise, exercise habits may advance their circadian phase, making
them more likely to adapt to a morning-oriented culture.

The participants in the NO-NO group had lower MEQ scores, with approximately 40% of them being ET in
this study. Although the present study focused on exercise habits, previous studies have reported an
association between ET and other lifestyle behaviours. In terms of diet, an individual of ET was more likely
to skip breakfast or consume fewer calories during breakfast, while consuming more calories during dinner
and snacks in the afternoon or at night (Mazri et al. 2019; van der Merwe et al. 2022; Baldan and Ozcelik-
Ersu 2024). Furthermore, irregular meal patterns were also found to be associated with later chronotype in
university students (Nishimura et al. 2023). An association between chronotype and sleep problems has also
been reported. Social jetlag (SJL) is the difference in the midpoint of sleep between work/school days and
free days; a later chronotype has been found to be associated with an increase in SJL, and females may be
ata higher risk of developing adverse health symptoms because they have a higher SJL than males (Kodama
et al. 2019). Furthermore, a recent report has shown that an increase in SJL is associated with lower PA in
female Japanese students (Shibata et al. 2024). Although the present study found no significant difference
in exercise habits based on BMI classification, more than half of the participants in the NO-NO group with
normal BMI had a high %BF (=30%). These findings indicate that individuals who did not have exercise
habits throughout their past may have an imbalance in the body composition not only due to energy
expenditure from physical activity, but also due to lifestyle differences because of them being ET. Therefore,
individuals with no exercise habits in the past may require lifestyle modification according to their chronotype
to achieve appropriate body composition.

This study has some limitations. First, this is a cross-sectional study, and future longitudinal studies are
needed to investigate whether changes in PA are associated with changes in chronotypes. In particular, it
would be interesting to evaluate in what way the chronotypes change when individuals with no previous
exercise habits later develop an exercise habit. Although the NO-EX group was excluded from the analysis
in this study because of the small number of participants, future studies should include this type of
participants. Second, the exercise habits examined in this study did not investigate the time of day at which
participants exercised. A previous study has suggested that evening exercise in MT delays the circadian
phase (Thomas et al. 2020). Furthermore, another study has reported that evening exercise in adolescents
may delay the circadian phase (Richardson et al. 2017). However, a study on sleep patterns indicated that
evening exercise may advance sleep onset and wake time, and that there is no association between sleep
duration or sleep quality and pre-sleep exercise (Kahn et al. 2021). Therefore, although the relationship
between the time of exercise and sleep-wake cycle may be weak, future studies may elucidate the
relationship between exercise habits and chronotypes, including the time of exercise. Finally, the present
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study was based on a questionnaire; however, sleep-wake rhythms and physical activity should be assessed
using objective methods (e.g., using an activity monitor).

CONCLUSION

This study investigated the relationship between exercise habits in university and high school and
chronotypes and body composition among female university students. Participants with exercise habits in
high school and university had significantly lower %BF and significantly higher %FFM than those without
exercise habits in university. Although participants without exercise habits in high school and university had
significantly lower FFM than those with exercise habits in high school only (without current exercise habits),
there was no significant difference in %BF. Furthermore, more than half of the students without consistent
exercise habits had a %BF = 30% despite a normal BMI range, which accounted for a significantly higher
proportion. Regarding the chronotypes, students with consistent exercise habits showed a significantly higher
MT and significantly lower ET. However, students without consistent exercise habits had significantly lower
MEQ scores than the other groups; approximately 40% were ETs, accounting for a significantly higher
proportion. These results indicate that female university students with consistent exercise habits from high
school were fewer in the ET category. These results suggest that current and past exercise habits of
university students are related to specific chronotypes (e.g., ET or MT), and that fewer students with
consistent exercise habits in high school belong to the ET category, while more students (approximately
40%) without consistent exercise habits belong to the ET category. Furthermore, students without consistent
exercise habits were more likely to be normal-weight obesity.

AUTHOR CONTRIBUTIONS

lY and OK designed this study and interpreted the data. IY, OK, SK, MR and NK collected and analysed the
data. IY and OK was a major contributor to writing the manuscript, and SK, MR and NK substantively revised
it. The authors read and approved the final manuscript.

SUPPORTING AGENCIES

This work was supported by the Wesco Science Promotion Foundation.
DISCLOSURE STATEMENT

No potential conflict of interest was reported by the authors.
REFERENCES

Ayabe, M., Kumahara, H., Yamaguchi-Watanabe, A., Chiba, H., Kobayashi, N., Sakuma, |., & Ishii, K. (2019).
Appendicular muscle mass and exercise/sports participation history in young Japanese women.
Annals of human biology, 46(4), 335-339. https://doi.org/10.1080/03014460.2019.1641221

Baldan, G. E., & Ozcelik-Ersu, D. (2024). Determination of the relationship between body composition and
nutritional habits and chronotype in healthy Turkish adults. Chronobiology international, 41(2), 226-
236. https://doi.org/10.1080/07420528.2024.2305658

Bauman, A., Bull, F., Chey, T., Craig, C. L., Ainsworth, B. E., Sallis, J. F., Bowles, H. R., Hagstromer, M.,
Sjostrom, M., Pratt, M., & IPS Group (2009). The International Prevalence Study on Physical Activity:

VOLUME 20 | ISSUE 4 |2025| 1119


https://doi.org/10.1080/03014460.2019.1641221
https://doi.org/10.1080/07420528.2024.2305658

Ishihara, et al. / Past exercise habits, chronotype & body composition Journal of Human Sport & Exercise

results from 20 countries. The international journal of behavioral nutrition and physical activity, 6, 21.
https://doi.org/10.1186/1479-5868-6-21

Crombie, A. P., llich, J. Z., Dutton, G. R., Panton, L. B., & Abood, D. A. (2009). The freshman weight gain
phenomenon revisited.  Nutrition reviews, 67(2), 83-94. https:/doi.org/10.1111/j.1753-
4887.2008.00143 x

Horne, J. A., & Ostberg, O. (1976). A self-assessment questionnaire to determine morningness-eveningness
in human circadian rhythms. International journal of chronobiology, 4(2), 97-110.
https://doi.org/10.1037/t02254-000

Hower, I. M., Harper, S. A., & Buford, T. W. (2018). Circadian Rhythms, Exercise, and Cardiovascular Health.
Journal of circadian rhythms, 16, 7. https://doi.org/10.5334/jcr.164

Huang, W.Y.,Feng, J., Zheng, C., Jiao, J., & Wong, S. H. S. (2024). Associations of social jetlag with physical
activity and sedentary behaviour in children and adolescents: A systematic review and meta-
analysis. Journal of sleep research, 33(1), €13997. https://doi.org/10.1111/jsr.13997

Ishihara, K., Saitoh, T., Inoue, Y., & Miyata, Y. (1984). Validity of the Japanese version of the morningness-
eveningness  questionnaire.  Perceptual and  Motor  Skills, 59,  863-866.
https://doi.org/10.2466/pms.1984.59.3.863

Kahn, M., Korhonen, T., Leinonen, L., Martinmaki, K., Kuula, L., Pesonen, A. K., & Gradisar, M. (2021). Is It
Time We Stop Discouraging Evening Physical Activity? New Real-World Evidence From 150,000
Nights. Frontiers in public health, 9, 772376. https://doi.org/10.3389/fpubh.2021.772376

Komada, Y., Okajima, |., Kitamura, S., & Inoue, Y. (2019). A survey on social jetlag in Japan: a nationwide,
cross-sectional  Internet  survey. Sleep and Biological Rhythms, 17, 417-422.
https://doi.org/10.1007/s41105-019-00229-w

Lang, C., Richardson, C., Short, M. A., & Gradisar, M. (2022). Low-intensity scheduled morning exercise for
adolescents with a late chronotype: a novel treatment to advance circadian phase?. Sleep advances
; a journal of the Sleep Research Society, 3(1), zpac021.
https://doi.org/10.1093/sleepadvances/zpac021

Mazri, F. H., Manaf, Z. A., Shahar, S., & Mat Ludin, A. F. (2019). The Association between Chronotype and
Dietary Pattern among Adults: A Scoping Review. International journal of environmental research
and public health, 17(1), 68. https://doi.org/10.3390/ijerph17010068

Nishimura, K., Tamari, Y., Nose, Y., Yamaguchi, H., Onodera, S., & Nagasaki, K. (2023). Effects of Irregular
Mealtimes on Social and Eating Jet Lags among Japanese College Students. Nutrients, 15(9), 2128.
https://doi.org/10.3390/nu15092128

Oshita, K., & Myotsuzono, R. (2021). An association between the physical activity level and skeletal muscle
mass index in female university students with a past exercise habituation. Osteoporosis and
sarcopenia, 7(4), 146-152. https://doi.org/10.1016/j.afos.2021.10.002

Oshita, K., Myotsuzono, R., & Tashiro, T. (2022). Association between Normal Weight Obesity and Skeletal
Muscle Mass Index in Female University Students with Past Exercise Habituation. Journal of
functional morphology and kinesiology, 7(4), 92. https://doi.org/10.3390/ifmk7040092

Oshita, K., Ishihara, Y., Seike, K., & Myotsuzono, R. (2024). Associations of body composition with physical
activity, nutritional intake status, and chronotype among female university students in Japan. Journal
of physiological anthropology, 43(1), 13. https://doi.org/10.1186/s40101-024-00360-9

Richardson, C. E., Gradisar, M., Short, M. A., & Lang, C. (2017). Can exercise regulate the circadian system
of adolescents? Novel implications for the treatment of delayed sleep-wake phase disorder. Sleep
medicine reviews, 34, 122-129. https://doi.org/10.1016/j.smrv.2016.06.010

Roenneberg, T., Kuehnle, T., Pramstaller, P. P., Ricken, J., Havel, M., Guth, A., & Merrow, M. (2004). A
marker for the end of adolescence. Current biology : CB, 14(24), R1038-R1039.
https://doi.org/10.1016/j.cub.2004.11.039

1120 | 2025]|ISSUE 4 | VOLUME 20 © 2025 ARD Asociacion Espafiola


https://doi.org/10.1186/1479-5868-6-21
https://doi.org/10.1111/j.1753-4887.2008.00143.x
https://doi.org/10.1111/j.1753-4887.2008.00143.x
https://doi.org/10.1037/t02254-000
https://doi.org/10.5334/jcr.164
https://doi.org/10.1111/jsr.13997
https://doi.org/10.2466/pms.1984.59.3.863
https://doi.org/10.3389/fpubh.2021.772376
https://doi.org/10.1007/s41105-019-00229-w
https://doi.org/10.1093/sleepadvances/zpac021
https://doi.org/10.3390/ijerph17010068
https://doi.org/10.3390/nu15092128
https://doi.org/10.1016/j.afos.2021.10.002
https://doi.org/10.3390/jfmk7040092
https://doi.org/10.1186/s40101-024-00360-9
https://doi.org/10.1016/j.smrv.2016.06.010
https://doi.org/10.1016/j.cub.2004.11.039

Ishihara, et al. / Past exercise habits, chronotype & body composition Journal of Human Sport & Exercise

Sempere-Rubio, N., Aguas, M., & Faubel, R. (2022). Association between Chronotype, Physical Activity and
Sedentary Behaviour: A Systematic Review. International journal of environmental research and
public health, 19(15), 9646. https://doi.org/10.3390/ijerph 19159646

Shibata, M., Fujibayashi, M., Shibata, S., Kuzuhara, K., & Tanida, K. (2024). Association between Social
Jetlag and Objective Physical Activity among Female University Students of Japan: A Cross-
Sectional Study. Sleep science, 17(2), 151-e156. https://doi.org/10.1055/s-0043-1777777

Thomas, J. M., Kern, P. A., Bush, H. M., McQuerry, K. J., Black, W. S., Clasey, J. L., & Pendergast, J. S.
(2020). Circadian rhythm phase shifts caused by timed exercise vary with chronotype. JCI insight,
5(3), 134270. https://doi.org/10.1172/jci.insight. 134270

van der Merwe, C., Minch, M., & Kruger, R. (2022). Chronotype Differences in Body Composition, Dietary
Intake and Eating Behavior Outcomes: A Scoping Systematic Review. Advances in nutrition
(Bethesda, Md.), 13(6), 2357-2405. https://doi.org/10.1093/advances/nmac093

Wijayatunga, N. N., & Dhurandhar, E. J. (2021). Normal weight obesity and unaddressed cardiometabolic
health risk-a narrative review. International journal of obesity (2005), 45(10), 2141-2155.
https://doi.org/10.1038/s41366-021-00858-7

Winpenny, E. M., Smith, M., Penney, T., Foubister, C., Guagliano, J. M., Love, R., Clifford Astbury, C., van
Sluijs, E. M. F., & Corder, K. (2020). Changes in physical activity, diet, and body weight across the
education and employment transitions of early adulthood: A systematic review and meta-analysis.
Obesity reviews : an official journal of the International Association for the Study of Obesity, 21(4),
e12962. https://doi.org/10.1111/0br.12962

0O
This work is licensed under a Attribution-NonCommercial-ShareAlike 4.0 International (CC BY-NC-SA 4.0 DEED).
VOLUME 20 | ISSUE 4 | 2025 | 1121



https://doi.org/10.3390/ijerph19159646
https://doi.org/10.1055/s-0043-1777777
https://doi.org/10.1172/jci.insight.134270
https://doi.org/10.1093/advances/nmac093
https://doi.org/10.1038/s41366-021-00858-7
https://doi.org/10.1111/obr.12962
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://creativecommons.org/licenses/by-nc-sa/4.0/

