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This cross-sectional study aimed to identify the correlation between chronotype and body mass index (BMI) in medical students, mediated by
energy intake, and to explore eating habits. There were 46 participants who completed Morningness-Eveningness Questionnaire and Chro-
nonutrition-Profile Questionnaire in the Indonesia version and a 3 days of 24-hour food record. Participants’ weight and height were mea-
sured by microtoise and digital body weight scale. Additionally, univariate and correlation analyses were conducted to identify the correlation
of the variables. The study found no significant difference in the correlation between chronotype preference and BMI, chronotype preference
and energy intake, and BMI and energy intake. Medical students had a habit of eating breakfast, even skipping breakfast, having dinner later,
consuming the highest energy at lunchtime, and consuming high-calorie, high-fat, and high-sugar foods at night. The study revealed no

significant correlation between chronotype, eating habits, and BMI. However, the eveningness medical students have bad eating habits.

Keywords: Body mass index; Chronotype; Eating habits; Energy intake

Received: November 19, 2023 Revised: December 11, 2023 Accepted: December 12, 2023
Corresponding author: Daniel Alexander Changestu, Medical Program, Faculty of Medicine, Tanjungpura University, JI. Prof. Dr. Hadari Nawawi, Bansir Laut, Pontianak

78124, West Kalimantan, Indonesia.
Tel: 62-821-5886-6363, E-mail: danielalexanderchangestu@gmail.com

@ This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (https://creativecommons.org/licenses/by-
nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

INTRODUCTION

Evening chronotype individuals prefer later bedtimes and
wake-up times, leading to less activity during the mornings and
afternoons [1-3]. This tendency can foster a sedentary lifestyle,
which increases the risk of various health problems, including hy-
pertension, hyperlipidemia, poor glycemic control, and, most no-
tably, obesity [4-6].

Eveningness individuals often start their activity late, which
causes them to postpone or even skip breakfast and dinner time
[7,8]. Skipping breakfast can cause overcompensation of energy
intake, leading to increased energy intake accumulation com-
pared to individuals who have breakfast routinely [7]. This habit
can cause an increase in sucrose, unsaturated fat, and calorie in-
take, leading to various diseases, especially obesity [7]. Studies
have confirmed this association, finding a higher average body
mass index (BMI) among individuals with an evening chrono-
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type [2,7]. While the relationship between chronotype and obe-
sity has been established, the specific variable mediating this as-
sociation requires further investigation. Eating habits, mainly
skipping breakfast and late-night meals and the type of food con-
sumed, are believed to play a crucial role in this process [7,9].

This study investigated the relationship between chronotype
and BMI in first-year medical students. By analyzing their eating
habits, mainly first and last meal times, breakfast skipping, and
meal timing with the highest calorie intake, the study seeks to
identify how these factors contribute to BMI in individuals with
different chronotypes.

METHODS

Study design and participants
This study aimed to investigate the dietary habits and anthro-
pometric characteristics of first-year medical students, excluding
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those on diets or taking sedative medications. The data collection
involved questionnaires, 3 days of 24-hour dietary records, and
subsequent weight and height measurements. This study was
ethically approved by the Faculty of Medicine Ethics Committee
at Tanjungpura University (Reference: 7212/UN22.9/PG/2022),
and all participants agreed to participated in this study by sign-
ing the informed consent.

Materials

All participants were evaluated using a validated instrument,
including the Indonesian version of the Morningness-Evening-
ness Questionnaire (MEQ) and Chrononutrition-Profile Ques-
tionnaire (CP-Q). The MEQ questionnaire has been modified by
adding two questions about wake-up and sleep time during week-
ends, resulting in 21 items in this questionnaire. The modified
MEQ questionnaire had been validated and reliable, showing that
all items were valid and the Cronbach’s alpha value was 0.828.
Participants’ weight and height were measured by the stature me-
ter (GEA, Dusseldorf, Germany) and digital body weight scale
(Xiaomi, Beijing, China; and Oase, Guandong, China). The weight
measurement was taken when the participant was fasting and
had not consumed food to prevent measurement bias.

The 3 days of 24-hour food record energy was used to take par-
ticipant’s food consumption data. Energy intake was classified as
above energy needs (energy intake >120% recommended dietary
allowances [RDA]), adequate energy needs (energy intake 90%—
119% RDA), and below energy needs (energy intake <90% RDA)
[10]. In addition, the types of foods consumed by eveningness
participants after 20:00 h were grouped into high-energy, high-
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fat, and high-sugar foods [7].

Statistical

Participant’s characteristics were analyzed using Microsoft Excel
2019. The 3 days of 24-hour food record data was analyzed using
the Nutrisurvey 2007 Indonesia version to obtain energy con-
sumption on two weekdays and one weekend. Data from eve-
ningness individual food records were analyzed for foods con-
sumed after 20:00 h. Correlation analysis between chronotype
and energy intake, also between chronotype and BMI were con-
ducted using Kendall’s tau statistical test. Spearmans test assessed
the correlation between energy needs and BMI.

RESULTS

Among the 46 participants, the prevalence of eveningness pref-
erence respondents was 93.48%. Only 6.52% of the participants
exercised for at least 150 minutes per week [11]. In a week, most
participants skipped breakfast two to three days a week. Howev-
er, interestingly, more than half of the eveningness participants
had a normal BML

No significant correlations emerged between chronotype, ener-
gy intake, and BMI, suggesting that additional factors beyond
energy intake influence the relationship between chronotype and
weight management. A detailed examination of participant eat-
ing habits, including energy intake, meal timing, and comparisons
between weekdays and weekends, is presented in Figure 1. This
analysis aims to elucidate how eveningness preferences impact
dietary patterns and potentially influence health outcomes.
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Figure 1. Eating habits of participants between weekdays and weekend.
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Eveningness participants demonstrated significant shifts in
their eating habits between weekdays and weekends. Notably,
their energy intake patterns were reversed: exceeding needs on
weekdays (41.30%) and falling below needs on weekends (52.17%
below). This contrasts with morningness participants, who showed
the opposite trend. Additionally, eveningness participants” meal
timings significantly shifted on weekends, with first meals occur-
ring later (after 8:00 h). Last meals consumed later (after 20:00 h),
with the latest being as late as 23:59 h. These findings suggest a po-
tential link between eveningness preferences and changes in di-
etary patterns and timing, which may warrant further investigation.

A review of the food consumed by eveningness participants
was conducted by identifying food consumption after 20:00 h, the
dinner time limit [7]. The foods consumed categorized as high in
calories, fat, and sugar. The top five foods are rice, noodle, fried
foods, potatoes, and sweet drinks.

DISCUSSION

The study found a high percentage of eveningness chronotypes
among first-year medical students, consistent with a study con-
ducted on Milan students in 2021 [12]. The correlation analysis of
chronotype and energy intake rate variables showed no signifi-
cant differences between chronotype and energy intake and be-
tween chronotype and BML

The study found that participants with energy intake above
their needs tended to eat at popular outlets such as malls and ca-
fes, which is related to the habit of hanging out that has become
a necessity and tertiary need for teenagers [13,14]. The increase in
participants with energy intake below their needs is due to low
self-esteem caused by unstable income among students [15]. Skip-
ping breakfast can lead to higher energy intake during the next
meal to compensate for the energy needs [8]. Respondents in the
study had a habit of skipping breakfast at least once a week, which
was related to the late timing of the last meal because of the more
energy from the last meal in the morning. This finding is consis-
tent with previous research in Finland, which showed that indi-
viduals with eveningness chronotype had a habit of skipping
breakfast [7]. Additionally, participants consumed snacks during
breakfast, which did not fulfill their energy needs and caused them
to eat more at lunch and dinner.

The timing of the last meal was assessed to evaluate the habit of
eating above the average dinner time. This finding was consistent
with a study in Finland that showed that calorie intake was high-
er between 23:00 h and 1:00 h on weekends compared to weekdays
[7]. High-sugar and high-energy foods dominated the food choic-
es of eveningness individuals for night meals, which is part of
emotional eating habits that aim to counteract negative internal
and external stimuli [16,17].

The study uses a validated MEQ questionnaire and analyzes the
food choices of eveningness individuals. However, the study has
limitations due to its cross-sectional design, which cannot directly
determine the direction of correlation between variables because

the effect process only occurs slowly and because of the limita-
tion of the number of respondents.

In conclusion, this study found no significant correlation be-
tween chronotype and BMI, and the level of energy intake did not
mediate the correlation between the two variables. However, the
study revealed that most individuals with an eveningness chrono-
type have poor eating habits, such as skipping breakfast, eating
later for the first and last meal, and consuming energy above their
needs.

Funding Statement
None

Conflicts of Interest
The authors have no potential conflicts of interest to disclose.

Availability of Data and Material
The data sets are available from corresponding author upon rea-
sonable request.

Author Contributions

Conceptualization: all authors. Data curation: Daniel Alexander
Changestu. Formal analysis: Daniel Alexander Changestu. Funding
acquisition: Daniel Alexander Changestu. Investigation: Daniel
Alexander Changestu. Methodology: all authors. Project admin-
istration: all authors. Resources: Daniel Alexander Changestu. Soft-
ware: Daniel Alexander Changestu, Agustina Arundina Triharja
Tejoyuwono. Validation: Ery Hermawati, Agustina Arundina
Triharja Tejoyuwono. Visualization: all authors. Writing—origi-
nal draft: Daniel Alexander Changestu. Writing—review & edit-
ing: Ery Hermawati, Agustina Arundina Triharja Tejoyuwono.

ORCID iDs

Daniel Alexander Changestu
https://orcid.org/0009-0008-3307-095X
Ery Hermawati
https://orcid.org/0000-0002-4814-6178
Agustina Arundina Triharja Tejoyuwono
https://orcid.org/0000-0002-9892-4361

Acknowledgments

We appreciate all the inputs and discussions with Mr. W. Hando-
ko and Mrs. M. Handini (Department of Physiology, Faculty of
Medicine, Tanjungpura University). We want to thank the enu-
merator team for data collection: N.G. Adilla, C.]J. Marselina,
M.E. Nugraha, R. Franchsika, A. Ronaldo, M.A.S. Yudha, Y. Fio-
lin, and A. Tiya.

REFERENCES

1. Almoosawi S, Vingeliene S, Gachon E, Voortman T, Palla L, Johnston JD, et
al. Chronotype: implications for epidemiologic studies on chrono-nutrition
and cardiometabolic health. Adv Nutr 2019;10:30-42.

2. Frisk MK, Hedner J, Grote L, Ekblom O, Arvidsson D, Bergstrém G, et al.



10.

Eveningness is associated with sedentary behavior and increased 10-year
risk of cardiovascular disease: the SCAPIS pilot cohort. Sci Rep 2022;
12:8203.

. Takahashi M, Tahara Y, Tsubosaka M, Fukazawa M, Ozaki M, Iwakami T,

et al. Chronotype and social jetlag influence human circadian clock gene
expression. Sci Rep 2018;8:10152.

. Head GA. Cardiovascular and metabolic consequences of obesity. Front

Physiol 2015;6:32.

. Sanyaolu A, Okorie C, Qi X, Locke J, Rehman S. Childhood and adolescent

obesity in the United States: a public health concern. Glob Pediatr Health
2019;6:2333794X19891305.

. Tobiansky DJ, Kachkovski GV, Enos RT, Schmidt KL, Murphy EA, Soma

KK. Sucrose consumption alters steroid and dopamine signalling in the fe-
male rat brain. ] Endocrinol 2020;245:231-246.

. Maukonen M, Kanerva N, Partonen T, Kronholm E, Tapanainen H, Kontto

J, et al. Chronotype differences in timing of energy and macronutrient in-
takes: a population-based study in adults. Obesity 2017;25:608-615.

. Vilela S, Oliveira A, Severo M, Lopes C. Chrono-nutrition: the relationship

between time-of-day energy and macronutrient intake and children’s body
weight status. ] Biol Rhythms 2019;34:332-342.

. Mazri FH, Manaf ZA, Shahar S, Mat Ludin AE The association between

chronotype and dietary pattern among adults: a scoping review. Int ] Envi-
ron Res Public Health 2019;17:68.
Damara CD, Muniroh L. Breakfast habits and nutrient adequacy level of

11.

12.

13.

14.

15.

16.

17.

Daniel Alexander Changestu, et al N@IIY WA K/

snacks is correlated with nutrition status among adolescent in SMPN 1
Tuban. Med Gizi Indones 2021;16:10-16.

U.S. Department of Health and Human Services. Physical activity guide-
lines for Americans. 2nd ed. Washington, DC: U.S. Department of Health
and Human Services; 2018.

Vitale JA, Roveda E, Montaruli A, Galasso L, Weydahl A, Caumo A, et al.
Chronotype influences activity circadian rhythm and sleep: differences in
sleep quality between weekdays and weekend. Chronobiol Int 2015;32:405-
415.

Choi J. Impact of stress levels on eating behaviors among college students.
Nutrients 2020;12:1241.

Montarroyos ECL, Nakano EY, Bousquet-Santos K. Analysis of nutrient in-
take and dietary adequacy on weekdays and weekends among undergradu-
ate students. ] Am Coll Health 2022 May 12 [Epub]. https://doi.org/10.108
0/07448481.2022.2068957.

Eckert KE, Asbridge M, Campbell LA, Stewart S, Bennett M, Loewen OK,
et al. Meal regularity is associated with self-esteem among grade 5 children.
Am J Clin Nutr 2021;113:467-475.

AlJaber MI, Alwehaibi AI, Algaeed HA, Arafah AM, Binsebayel OA. Effect
of academic stressors on eating habits among medical students in Riyadh,
Saudi Arabia. ] Family Med Prim Care 2019;8:390-400.

Ramadhani N, Mahmudiono T. Academic stress is associated with emo-
tional eating behavior among adolescent. Med Gizi Indones 2021;16:38-47.


https://doi.org/10.1080/07448481.2022.2068957
https://doi.org/10.1080/07448481.2022.2068957

