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Introduction: Students in colleges are exposed to unhealthy lifestyles and poor

dietary choices. They are at risk of being overweight, skipping meals, and developing

eating disorders. However, there is a paucity of information on their chrononutrition

behavior, which is very important, especially concerning the timing of food

consumption across the day. Therefore, the present study aimed to investigate

chrononutrition behavior and its potential association with body weight status

among college students in Malaysia.

Methods: This cross-sectional study was conducted on 409 college students aged

above 18 in Malaysia. The chrononutrition behavior was assessed using the validated

Chrononutrition Profile Questionnaire (CP-Q). The questionnaire was distributed

using an online platform. Participants self-reported their body weight and height,

and the Body Mass Index (BMI) was computed. Data were analyzed using the SPSS

software.

Results: A total of 409 participants were recruited, with a mean age of

21.5 ± 2.2 years. The prevalence of underweight, normal, and overweight was 24.7,

49.4, and 25.9%, respectively. The chrononutrition behavior revealed that participants

ate breakfast about four times/week (mean 4.27 ± 2.43 days), and only 135 (33.0%)

consumed breakfast daily. The largest meal consumed was during lunch (75.8%), and

the mean of snacking after the last meal was 3.23 ± 2.01 days. The prevalence of

night eating was low, and most participants (70.9) did not wake up at night to eat. The

frequency, however, was significantly higher in the underweight group compared

to the normal weight group (p < 0.05). We observed a significant association

between BMI and eating window, evening latency, evening eating, and night eating.

It was found that the underweight had a poor eating window (p < 0.01), poor

evening latency (p < 0.01), poor evening eating (p < 0.01), and poor night eating

(p < 0.05) compared to those with normal and overweight BMI groups. In contrast

to predictions, poor chrononutrition behavior was more likely to predict being

underweight compared to normal (p < 0.05).

Conclusion: Underweight young adults are more likely to have poor chrononutrition

behavior. The results of the present study suggest that future nutrition education

should also focus on the chrononutrition behavior of college students.
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1. Introduction

Eating habits have been a major concern among college students.
They are at risk of developing unhealthy eating habits such as
breakfast skipping, fast food consumption, and high sugar intake
(1) that may hinder their health and psychological wellbeing (2, 3).
Skipping breakfast affects the hypothalamic-pituitary function and
the reproductive cycle by disturbing the central clock system, which
leads to ovarian and uterine malfunction (4). The post-adolescent
students’ food habits may deteriorate early in college life due to the
large number of students who move in alone. The transition to college
life, together with academic and lifestyle challenges, was postulated
with these significant changes in their nutrition intake. Unhealthy
lifestyles, including poor sleep habits, skipping food, poor eating
patterns, increased alcohol intake and reduced physical activity,
were also reported among college students (5). Consequently, the
incidence of weight gain and increased adiposity during college life
was identified in previous meta-analyses (6, 7). Nevertheless, the
prevalence of being underweight among young adults and college
students remains a major concern (8, 9).

While many factors related to overweight and underweight
among college students have been reported, there is a paucity of
information on their chrononutrition behavior. The emerging field
of chrononutrition provides valuable information on managing food
intake across the day. Chrononutrition is the interplay between
nutrition and circadian rhythm (10). The two crucial elements are
dietary components that regulate the circadian system and meal
timings that synchronize misaligned molecular clocks (11). In a
healthy human, the circadian rhythms play major physiological
functions, including the 24-h biological cycle, behavioral, physical,
and mental changes. The timing of eating is tied to the internal
24-h biological timing system (the circadian clock) and influence
the metabolic process of the body due to the complex interaction
between circadian biology, nutrition, and human metabolism (12).
Chrononutrition behavior refers to the behavioral patterns that are
likely to influence one’s chrononutrition profile, and these include (i)
eating at night, (ii) time-restricted feeding, (iii) breakfast eating, (iv)
the timing of the largest meal, (v) the time of evening eating, and
(vi) the time between eating and sleep time (13). The chrononutrition
behavior may affect an individual’s adiposity, which may be related to
the physiological adaptation to sleeping and irregularities in eating
following circadian times (14). Despite using less energy, individuals
with more irregular eating patterns, were more likely to develop
obesity and the metabolic syndrome (14).

Studies have shown that eating at different times of the day may
affect one’s Body Mass Index (BMI). Inappropriate eating habits such
as skipping breakfast and night eating were associated with a high
BMI (15, 16). Eventually, high-calorie intake during breakfast was
significantly associated with higher weight loss compared to large
consumption of calories during dinner (17). It was also reported that
individuals who had a high-calorie intake at later time of the day, were
exposed to the risk of developing obesity. This is due to the process
of lipogenesis and accumulation of adipose tissues, which tend to
occur during the period of the last meal (18). Late eating may increase
hunger and altered appetite-regulating hormones and altered adipose
tissue gene expression favoring increased lipid storage (19).

However, the habit of skipping breakfast was also reported as
a means of reducing total daily energy intake (20, 21). Indeed, it
raises questions about meal timing studies such as intermittent fasting

and time-restricted feeding, which indicate that skipping or delaying
breakfast may reduce body weight (22, 23). The relationship between
body weight and the meal timing pattern remains unclear, and it
is an important research area to explore. Thus, the present study
aimed to investigate the potential association of chrononutrition
behavior with BMI among young adults, especially college students.
To the best of our knowledge, no regional (Malaysia and Southeast
Asia) studies on chrononutrition among college students has been
published yet. Eating behavior of college students may carry over to
later life, hence early identification related to the behavior and its
effect on nutritional status (BMI) should be identified and intervene
earlier. Consistent with previous studies, we hypothesized to observe
significant differences concerning chrononutrition patterns and
body weight status.

2. Materials and methods

2.1. Subjects

A cross-sectional study of chrononutrition behavior and weight
status was conducted on college students in Malaysia’s Klang
Valley. The recruitment was conducted via social media, and
electronic forms of questionnaires were distributed. Inclusion criteria
were college students aged 18−35 years, literate in the English
language, and having access to the internet. Those individuals with
a known diagnosis of sleep disorder were excluded. The sample
size was derived using OpenEpi calculated software, with 95%
confidents interval and 80% power of the study, and yielded at least
385 participants.

This study was approved by the UiTM Ethics Research
Committee [REC/06/2021 (UG/MR/589)] and digital informed
consent was obtained from all participants. Data on body weight
and height were self-reported, and guidelines on how to measure
weight and height correctly were included in the instructions.
Data collection was performed in the third quarter of 2021, when
Malaysia was still in the COVID-19 pandemic but moving to the
endemic transition phase. The lockdown is over, and there was no
restriction on going out. During this period, college students still
adapted to online learning and physical attendance at the institution
was not compulsory.

TABLE 1 Background of participants.

Variables Mean ± SD/frequency (n)

Sex

Male 43 (10.5)

Female 366 (89.5)

Age (years) 21.45 ± 2.216

Height (cm) 157.95 ± 7.151

Weight (kg) 56.12 ± 13.999

Body Mass Index (kg/m2) 22.4 ± 5.13

Underweight (<18.5) 101 (24.7)

Normal (18.5−24.9) 202 (49.4)

Overweight (>25) 106 (25.9)

Data were presented as n (%)/mean ± standard deviation (SD).
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TABLE 2 Mean intake (days per week) of breakfast, snacking after last meal, and eating at night.

BMI/meal timing Underweight (n = 101) Normal weight (n = 202) Overweight (n = 106) P-value

Breakfast 4.30 ± 2.49 4.38 ± 2.41 4.03 ± 2.40 0.477

Snacking after the last meal 3.53 ± 2.11 3.11 ± 2.01 3.19 ± 1.86 0.253

Night eating 1.15 ± 1.81a 0.67 ± 1.56b 0.73 ± 1.48 0.044*

Data were presented as mean ± standard deviation (SD) with significant values of *p < 0.05. Significant difference between a and b by Tukey post hoc analysis.

TABLE 3 Association between largest meal of the day and timing of sleep with BMI.

BMI/largest meal
and sleep

Underweight (n = 101) Normal weight (n = 202) Overweight (n = 106) P-value

Largest meal of the day

Breakfast 5 (5.0) 7 (3.5) 4 (3.8) 0.235

Lunch 64 (63.4) 154 (76.2) 76 (71.7)

Dinner 32 (31.6) 41 (20.3) 26 (24.5)

Time of sleep

Workdays

9 p.m.−12 a.m. 50 (49.5) 103 (51.0) 53 (50.0) 0.967

12−6 a.m. 51 (50.5) 99 (49.0) 53 (50.0)

Freedays

9 p.m.−12 a.m. 37 (36.6) 73 (36.1) 40 (37.7) 0.369

12−6 a.m. 64 (63.4) 129 (63.9) 96 (62.3)

Data were presented as n (%). Analyzed using Chi-Square Test.

2.2. Instruments

The Chrononutrition Profile Questionnaire (CP-Q) was used
to determine the chrononutrition behavior (13). Data from CP-Q
measures the chrononutrition pattern on typical work/school as well
as free days and can compute eating misalignment. Regarding the
present study, we measured six chrononutrition behaviors: Breakfast
skipping, largest meal, evening eating, evening latency, night eating,
and eating window. Breakfast skipping refers to days per week during
which individuals skip breakfast. The largest meal refers to the meal
in which the largest number of calories are consumed. Evening eating
refers to the last eating event, while evening latency refers to the
duration of time between an individual’s last eating event and sleep
onset. Night eating refers to one or more days per week during which
individuals wake up in the night to eat. Lastly, the term “eating
window” refers to the duration of time between one’s first and last
eating events of the day. Results were further scored into three; good,
fair, and poor behavior, a scoring cut-off from a study by Engwall (24).

Body Mass Index was computed by dividing weight (kg) by
height squared (m2). It was then further classified as: <18.5 kg/m2
underweight, 18.5−24.9 kg/m2 normal, and >25 overweight (25).

2.3. Statistical analysis

All analyses were performed using SPSS statistical software
version 22.0 (SPSS Inc., Chicago, IL, USA). The participant’s
background including sex, age, height, weight, and BMI were
reported descriptively in mean (standard deviation) or frequency.
Normality tests were conducted before parametric analyses. One-way
ANOVA was used to investigate differences in mean intake (days)
of breakfast, snacking after last meals, and night eating between

the different BMI groups. Pearson chi-squared analyses were used
to determine the differences between BMI and chrononutrition
behaviors. All significant variables (p < 0.05) were then analyzed in a
logistic regression model to determine the predictor of BMI.

3. Results

A total of 409 participants with a mean age of 21.45 ± 2.2 years
completed the questionnaire. Most of the participants were females
(89.5%), and almost half of them were of normal weight (49.4%). The
mean BMI was 22.4 ± 5.13 kg/m2. A quarter of our participants were
either underweight (24.7%) or overweight (25.9%) (Table 1).

As presented in Table 2, mean intake (days per week) of breakfast
and snacking after the last meal showed no significant differences
between BMI categories. However, we found that the underweight
group significantly had a higher intake (days per week) of night
eating compared to normal weight group (p < 0.05). The largest
meal consumed by all BMI categories was during lunch (Table 3).
Timing of sleep during both free days and workdays, did not show
any different between BMI. However, observing the sleeping patterns
of the participants revealed that half of them sleep after midnight even
on workdays. During free days, the participants were more likely to
sleep after midnight.

Chi-square analyses revealed a significant different between BMI
categories and eating window, evening latency, evening eating, and
night eating (p < 0.05) (Table 4). It was found that being underweight
was associated with poor eating habits compared to being normal
and overweight. Further analyses using logistic regression identified
that significant predictors of being underweight included poor eating
window, poor evening latency, poor evening eating, and poor night

Frontiers in Nutrition 03 frontiersin.org

https://doi.org/10.3389/fnut.2023.1079069
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/


fnut-10-1079069 April 12, 2023 Time: 11:25 # 4

Juliana et al. 10.3389/fnut.2023.1079069

TABLE 4 Association between the scoring of chrononutrition behavior with BMI.

Chrononutrition behavior Underweight
(n = 101)

Normal weight
(n = 202)

Overweight
(n = 106)

Total (n = 409) P-value

aEating window

Good (≤12:00) 54 (53.5) 132 (65.3) 83 (78.3) 269 (65.8) 0.001*

Fair (12:01−14:00) 31 (30.7) 55 (27.2) 19 (17.9) 105 (25.7)

Poor (>14:00) 16 (15.8) 15 (7.4) 4 (3.8) 35 (8.6)

bBreakfast skipping

Good (1 day/week or less) 40 (39.6) 79 (39.1) 34 (32.1) 153 (37.4) 0.768

Fair (2−3 days/week) 21 (20.8) 45 (22.3) 26 (24.5) 92 (22.5)

Poor (≥4 days/week) 40 (39.6) 78 (38.6) 46 (43.4) 164 (40.1)

cEvening latency

Good (>6:00) 6 (5.9) 23 (11.4) 8 (7.5) 37 (9) 0.001*

Fair (2:01−6:00) 67 (66.3) 143 (70.8) 92 (86.8) 302 (73.8)

Poor (≤2:00) 28 (27.7) 36 (17.8) 6 (5.7) 70 (17.1)

dEvening eating

Good (<20:00) 6 (5.9) 41 (20.3) 19 (17.9) 65 (16.1) 0.002*

Fair (20:00−22:59) 66 (65.3) 129 (63.9) 72 (67.9) 267 (65.3)

Poor (≥23:00) 29 (28.7) 32 (15.8) 15 (14.2) 76 (18.6)

eNight eating

Good (1 day/week or less) 72 (71.3) 171 (84.7) 88 (83.0) 331 (80.9) 0.042*

Fair (2−3 days/week) 14 (13.9) 17 (8.4) 12 (11.3) 43 (10.5)

Poor (≥4 days/week) 15 (14.9) 14 (6.9) 6 (5.7) 35 (8.6)

fLargest meal

Breakfast 5 (5.0) 7 (3.5) 4 (3.8) 16 (3.9) 0.235

Lunch 64 (63.4) 154 (76.2) 76 (71.7) 294 (71.9)

Dinner/supper 32 (31.7) 41 (20.3) 26 (24.5) 99 (24.2)

Data were presented as n (%).
Analyzed using the Chi Square Test with significant values at *p < 0.05.
aEating window describes the duration between first and last eating events, presented in HH:MM format (hours per day).
bBreakfast skipping describes the frequency of breakfast skipping, presents in days/week.
cEvening latency describes the duration between last eating event and sleep onset, presents in HH:MM format (hours per day).
dEvening eating describes the risk of eating late in the waking day, presented in HH:MM format (time).
eNight eating describes frequency of night eating, presented in days/week.
fLargest meal describes the meal in which largest among of food is eaten. HH:MM, hour:minute. The percentages may not total 100 due to rounding.

TABLE 5 Predictors of being underweight or overweight.

Variables Underweight Overweight

Odds ratio 95% CI P-value Odds ratio 95% CI P-value

Poor eating window 2.607 1.205−5.644 0.015* 0.424 0.136−1.322 0.139

Poor evening latency 2.981 1.069−8.312 0.037* 0.479 0.147−1.561 0.222

Poor evening eating 6.193 2.294−16.719 <0.001* 1.012 0.446−2.296 0.978

Poor night eating 2.545 1.168−5.544 0.019* 0.833 0.309−2.242 0.717

Analyzed using Logistic regression with significant values at *p < 0.05. Reference category: Normal weight.

eating (Table 5). All this poor chrononutrition behavior was strongly
related to being underweight.

4. Discussion

Chrononutrition is closely related to the individual body’s
circadian rhythm; the biological clock that regulates the sleep

and wake cycle. Its response is highly influenced by changes in
the environment, primarily to light and darkness. It may not be
forgotten that the light/dark cycle and food intake are important
circadian rhythm regulators controlled by the central clock system.
These oscillations that occur in the body influence physical, mental,
and behavioral changes following a 24-h cycle (18). On the other
hand, the peripheral clocks in each body system that controls
localized physiological processes which include glucose and lipid
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homeostasis, hormonal secretion, the immune responses, and the
digestive system is highly influenced by the nutritional intake
and physical activity patterns (26). Current studies suggest that
eating time highly influences body weight; specifically, eating meals
late at night may impact the desynchronization of the internal
biological clock. Charlot et al. (27) suggested to prioritize in matching
daily application of eating time to individual’s circadian rhythms
for optimal metabolic health (27). Important circadian hormones
affecting body weight, namely cortisol, serotonin, melatonin, insulin,
and insulin growth factor 1 (IGF-1) are highly synchronized with
the biological clock. Hence, desynchronization of meal intake will
further affect these hormones and is phenotypically reflected in
body weight (28).

The results of the present study found that more than 24%
of participants had their largest meal at night during dinner or
supper. The prevalence is in accordance with the current trend
worldwide seen among young adults. Swiss adults aged 18−26 years
(29), US college students (30), and Turkish university students (31)
were all found to have a similar trend of night eating. Despite
the fact that night eating is associated with increased body weight
(15), the young adults who were underweight in our sampling
frame, showed a significantly higher prevalence of night eating.
Zooming at other related research that found the association between
obesity and night eating, the sampling frame focused on adults
at the age of more than 30 years (15, 32, 33). Guentcheva et al.
(34) also found that young adults with night eating problems have
lower BMI compared to those without the problem. However, the
difference was not statistically significant (34). Another population
of young adults that was similar to the present study was the finding
among Pakistan college students who were underweight and had
poorer eating habits than those with normal BMI and overweight
(35). Another important aspect that must be considered in a self-
reporting questionnaire to assess dietary habits is the bias that
may exist in the accuracy of habitual nutritional behaviors (36).
Thus, this may suggest that the effect may arise later in life. To
establish the cause and effect, another important factor that must be
included in future studies is the duration of individual eating habits
being established.

It is important to highlight that altered food intake as shown
among these young adults may affect their hormonal patterns in
the long run. Since the human body has the capability of adapting
and compensating for changes, the changes may not be apparent
at an early age. However, recent studies have started to discuss the
potential ripple effects of poor chrononutrition on health at a later
age. Evidence shows that insulin sensitivity is highly associated with
circadian regulation; hence, the thermic effect of food is reduced in
the evening. Therefore, it was suggested that blood sugar and insulin
responses to carbohydrates are more exaggerated at night than during
the day (37). Recent studies suggest that endometriosis, commonly
manifested by dysmenorrhea, arises as a result of the modern dietary
lifestyle, thus showing the evidence of gynecological disorders being
closely linked to dietary practices (38, 39). It has been reported that
female students who skipped breakfast had a higher incidence of
dysmenorrhea (40).

Theoretically, the time frame of intake would be higher among
individuals with short sleep duration because the total caloric intake
is directly associated with the time spent awake (41). The regulation
will be in synchrony with normal physiological adaptation to the
environmental influence (42). However, no significant differences
were observed in participants, eating behaviors with their sleep

duration. The finding is consistent with the findings obtained among
American (43) and Brazilian adults (44).

The present study found that there was a vast heterogeneity in
sleeping patterns among each participant. Benham (45) reported that
the COVID-19 pandemic had a significant effect on students’ sleeping
patterns. The study found that students went to bed significantly later
during the pandemic and there were pronounced delays in waketimes
(45). Since the present study was conducted during the pandemic
after the lockdown, the wide range of waking time and sleeping
time shown in the study population may have been affected by the
asynchronous format of their classes’ format. Additionally, during the
sampling, some of the undergraduates were still having online classes,
hence, eliminating the need for early waketime.

Based on Abraham et al. (1), young adults usually establish their
eating habits during their years in college and the behavior often
continues through adulthood. Furthermore, Das and Evans (46)
highlighted that body weight is part of the barriers and promoting
factors for lifestyle choices to maintain health. The best eating
habits and ideal weight can only be achieved with the help of
proper knowledge about nutrition, but this knowledge needs to be
combined with favorable environmental conditions such as access
to nutritious food and physical activity activities (47, 48). In earlier
studies, it has been reported that the absence of healthy food in
educational institutions was a barrier to healthy eating (49). Self-
efficacy, dietary preferences, body image, conformity to friends and
parents, socioeconomic position, and the accessibility of food in the
community are a few of the variables that may directly or indirectly
influence adolescent eating behaviors (50).

Interestingly, earlier studies have also reported the fact that
adolescents and young adults also had the habit of not consuming
a proper lunch until they returned home at 03.00−04.00 p.m.
(49). It has been reported that individuals who receive parental
encouragement and support, tend to eat healthier foods and have
better eating habits (51, 52). The underweight participants are less
particular in their eating time frame (46). Good eating habits may
not be the main priority being emphasized by those underweight.
However, they may suffer from health consequences at a later age if
their eating habits continue. Result from this study opens a new gap of
study that warrant serious attention. Despite plethora of publications
on eating habits of university students, most studies focused on
eating disorders among those who are overweight and obese (7, 53).
However, cohort studies are needed to elucidate the impact of eating
disorders among those who are underweight and its association with
their later health impact.

We admit a few limitations in our study. The cross-sectional
design employed may be insufficient to arrive at any definite
conclusion. Our study had a small sample size, hence unable
to generalize to all college students in Malaysia. Besides that,
participation in this study is voluntary basis, hence, resulted in
marked volume of women participants as compared to the men. It
was earlier reported that there are large variety in eating behavior
among college students with conflicting results on the differences
reflected between gender (54, 55). As weight and height data were
reported, it may introduce bias, which is the limitation of all self-
reported surveys. However, we provided an insight into the situation
happening in the younger population. It is paramount to include the
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underweight in any nutrition intervention as well, as they are prone
to poor eating habits.

5. Conclusion

This study found that underweight college students have poor
chrononutrition behavior as compared to the rest. The general lack
of knowledge regarding healthy and timely eating among college
students is a cause of concern. These population of interest tend
to skip meals and develop various eating disorders. These young
adults are constantly exposed to unhealthy lifestyles and poor dietary
choices without knowing the consequences of such exposure. The
dietary habits of this population can be duly addressed with proper
education and health screening programs. There is also a need to
build strong social support and a framework to promote healthy
eating among college-going young adults. Future long-term research
studies should be conducted to arrive at a definite conclusion.
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