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Background & aims: Emergency measures in the face of the recent COVID-19 pandemic have been
different among countries, although most have opted for confinement and restrictions on social contact.
These measures have generated lifestyle changes with potential effects on individuals' health. The dis-
turbances in daily routines due to confinement and remote work have impacted circadian rhythms and
energy balance; however, the consequences of these disruptions have not been studied in depth. The
objective was to evaluate the impact of 12-week confinement on body weight, considering changes in
several external synchronizers of the biological clock.
Methods: The participants, 521 university students (16e35 years), responded to 52 questions oriented to
determine light exposure, sleep patterns, sedentary lifestyle, and eating times.
Results: We found a reduction in sunlight exposure and sleep duration, an increment in sedentarism and
screen exposure, and a delay in the timing of the main meals and sleep in the whole cohort. These
behavioral changes were associated with a twofold increase in obesity. Subjects who increased their
sedentary hours and shortened their sleep to a higher degree were those who gained more bodyweight.
The most influential factors in body weight variation during confinement were sleep duration, physical
activity (sedentarism), and light (timing of screen exposure). The mediation model explained 6% of the
total body weight variation.
Conclusions: Results support a significant impact of confinement on several external synchronizers of the
biological clock and on body weight. Health-related recommendations during the pandemic must
include behavioral recommendations to mitigate the adverse effects on the biological clock.

© 2021 Elsevier Ltd and European Society for Clinical Nutrition and Metabolism. All rights reserved.
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1. Introduction

June 2021, eigthteen months after the first reported case of
severe acute respiratory syndrome coronavirus 2 (SARS Cov-2)
infection, the COVID-19 pandemic has affected more than 171
million people, with over 3,5 million deaths globally [1]. The
lism. All rights reserved.
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measures taken by governments have dramatically changed our
lifestyle, which is now characterized by confinement and social
isolation. While needed to prevent contagion, these measures
appear to have also negative health consequences [2e4]. Thus, the
decades-long obesity pandemic may have worsened due to the
measures imposed by the COVID-19 pandemic. Although the eti-
ology of obesity identifies excessive energy intake as the main
factor (positive energy balance), there are other critical factors
involved, such as sedentarism, genetics, altered microbiota and
sleep deprivation [5e8]. Furthermore, obesity has been shown as
the main modifiable risk factor for severity and mortality in
COVID-19 [9], which is of particular concern at the public health
level [10].

The internal clock of mammals has rhythmicity of approxi-
mately 24 h. It controls physical activity patterns, endocrine func-
tions and multiple physiological processes, and it is synchronized
by internal and external regulators [11]. Examples of external
synchronizers are the changes in sleep/wake cycles, eating/fasting,
or light/darkness. Alterations in these external synchronizers, as
happens during shift work, social jet lag, or light pollution, can
desynchronize our biological clock [12]. In connection with this,
mandatory confinement has been shown to alter the sleep/wake
patterns [13] and to decrease the light time exposure [14],
desynchronizing the internal clocks, mainly due to sleep depriva-
tion and increased sedentary lifestyle, which has been shown to
increase the risk of metabolic diseases, such as obesity [15], trig-
gering a vicious cycle.

The current study aimed to evaluate the impact of 12-week
confinement on body weight, considering changes in several
external synchronizers of the biological clock in university
students.
Fig. 1. Sample collection chart.
2. Methods details

2.1. Population and study design

A descriptive exploratory study was carried out in 2020, be-
tween June 13 and 20, in the province of Lima, Perú, after 12-weeks
of confinement. During the confinement period, the right to free
transit was restricted. Only those who worked in essential services
such as electricity, water, food, and health services could go out
from their houses. Furthermore, only one person per family was
allowed to go out to buy necessities like food or medicine. These
restrictions were continuously prolonged and slightly modified by
the emergency decree of the Peruvian state [16].

The information was collected using a questionnaire devel-
oped in Google Forms that was sent to the students' institutional
mail of San Ignacio de Loyola University. Initially, 820 subjects
responded to the questionnaire; the sample included adoles-
cents and young adults (up to 35 years old). Postgraduate stu-
dents were excluded from the survey because they were not full-
time students and their schedules were significantly different
from undergraduates'. Indeed, they usually had an external job
and this would have differentially influenced the time of expo-
sure to screens and sleep habits. In total, those students who
were older than 35 years, postgraduate and those who had
eating disorders or morbid obesity were also excluded (n ¼ 40).
After reviewing for quality control, 259 were excluded due to
wrong or incomplete answers.

The final sample of the study was of 521 subjects (Fig. 1)
(female ¼ 63.72%, male ¼ 36.28%, age ¼ 20.93 ± 3.20 years,
range ¼ 16e35 years). Participants declared their willingness to
participate in the study through informed consent. The study was
conducted following the standards of the Declaration of Helsinki
2989
and was approved by the institutional review board of San Ignacio
de Loyola University.

2.2. Questionnaire

The questionnaire (supplemental material 1), which the
research group developed, reflected the status of the participants
before and after the 12-weeks of confinement. It consisted of 52
questions (4 questions about light exposure time, 6 questions about
sleep patterns, 2 questions about sedentary lifestyle, and 6 about
food timing, the remaining questions were not taken into account
for this manuscript).

Two investigators reviewed the initial data to identify illogical
values in the responses. For example: a. durations longer than 24 h
per day (such as a sleep duration of 12 h and a screen exposure time
of 16 h), b. incongruences in the timing of activities (such as
reporting falling asleep at 21 h and having dinner at 23 h, or waking
up at 10 h and having breakfast at 8 h). Illogical or incomplete re-
sponses on any of the variables ruled out participation.

2.2.1. Body weight variables
To estimate the body weight change during confinement, 3

questions were asked: The first question was about the self-re-
ported body weight; the second was related to whether they had
changed their body weight during confinement (with two options,
yes or not). If the answer was yes, the last question was to what
extent they changed their body weight (with the option of positive
and negative values). Finally, only completed answers were
considered. If the person was not sure about the variation of its
weight and left that answer blank, the participation was sus-
pended. The body mass index was calculated by dividing body
weight by squared height and classified according to the World
Health Organization (WHO) [17].

2.2.2. Chronotype and sleep habits
Individuals' chronotypes were assessed by the Munich Chro-

notype Questionnaire [18]; the midpoint of sleep was calculated as
the midpoint between time falling asleep and rise time. Chro-
notypes were classified into morning, intermediate and evening
types by dividing the sample of 521 students according to their
midpoint of sleep, into tertiles, with the first tertile defining the
morning type (midpoint of sleep < 3:45 h), the second tertile as
intermediate (3:45 h - 4:52 h) and the third tertile as evening type
(>4:52 h).

2.2.3. Screen exposure time
Screen exposure time (duration) was obtained through open

questions such as: “During the first week of confinement, on
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average, how many hours per day did you spend in front of a
screen?”

2.2.4. Sedentarism
To determine the sedentary time, the following question was

formulated “During the first week of confinement, on average, how
many hours did you sit per day?”

2.2.5. Food timing and midpoint of intake
The timing of the three main meals of the day, such as breakfast,

lunch and dinner, were obtained through questions such as
“Currently, on average, at what time do you have lunch?” or
“During the first week of confinement, on average, at what time did
you eat dinner?” The midpoint of intake was estimated by sub-
tracting the last intake and the first intake, the result was divided
by 2, and the first intake was added to that result, as previously
reported by Lopez-Miguez et al. [19].

2.2.6. Fasting at night determination
Night fasting duration was calculated by subtracting to the

timing of breakfast, the timing of the day before dinner.

2.3. Statistical analysis

The normality of the distribution of the variables was assessed
using the ShapiroeWilk Test. For data without a normal distribu-
tion, the median was compared using the ManneWhitney U test.
Median comparisons were used to determine the change in body
mass index, sedentarism, sleep duration, external synchronizers
and meal timing between the thirteenth week and the first week of
confinement. In contrast, a comparison of proportions was used to
evaluate the change in the body mass index classification and the
chronotype classification. The One-Way ANOVA Test was used to
evaluate differences between groups, and Tukey's Post Hoc Test to
compare groups.

The statistical package used was STATA v16. The mediation
analysis was performed with the IBM SPSS Amos program. A sig-
nificance of 95% was used in all statistical analyses.

3. Results

We have evaluated the impact of 12-week confinement on body
mass index (BMI) and several circadian synchronizers. Daily habits,
sleep habits and feeding times in college students are presented in
Table 1.

Overall, we observed statistically significant increases in BMI
and a shift towards an evening chronotype (Fig. 2). The percentage
of subjects below 18.5 (kg/m2) and between 25 and 29.9 (kg/m2)
increased significantly (p < 0.001) (Fig. 2B) while the proportion of
morning chronotypes decreased (p ¼ 0.02), resulting in a signifi-
cantly increased number of subjects in the evening chronotype
(p < 0.001) (Fig. 2C).

These changes in BMI and chronotype paralleled changes in
factors known to synchronize the biological clock (i.e., external
synchronizers) (Fig. 3). We found significant decreases in the
duration of sunlight exposure (D �0:39h [�0:53h, �0:24h]) and of
sleep (D �1:04h [�1:16h, �0:53h]) and significant increases in the
duration of screen exposure (D 2:33h [2:09h, 2:57h]), and seden-
tarism (D 2:27h [IC 2:03h, 2:52h]) and a trend was found for de-
creases in night fasting duration (D �0:11h [�0:27h, �0:03h])
(p ¼ 0.07) (Fig. 3A). Likewise, we found significant delays in food
timing (a synchronizer of peripheral clocks) such as breakfast
timing (D 0:12h [0:01h, 0:22h]), lunch timing (D 0:19h [0:11h,
0:27h]) and dinner timing (D 0:22h [0:12h, 0:31h]), and conse-
quently in the midpoint of intake (D 0:16h [0:09h, 0:25h]). We also
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found a delay in the midpoint of sleep (D 0:18h [0:07h, 0:29h])
(p < 0.05) (Fig. 3B). All these external synchronizers changed
significantly with confinement (p < 0.001), except for night fasting
duration that only showed a trend (p ¼ 0.07).

Changes in body weight were classified into five categories
(Fig. 4), a) Body weight gain: greater than 10% (BWG >10%), be-
tween 10 and 5% (BWG 10-5%), less than 5% (BWG <5%); b) no
variation (NV) and c) body weight loss (BWL). The percentage of
people who gained body weight was large (64% of the total popu-
lation, n¼ 332 from the total n¼ 521). From this population, a 3.3%
gained more than the 10% of their initial body weight and a 26%,
gained more than the 5% of their initial body weight.

Those subjects who gained more body weight (BWG >10%
group) decreased their sleep duration to a greater extent (D�2:19h
[�3:32h, �1:07h]) than those who gained less body weight or who
even lost body weight during confinement (Fig. 4A). Furthermore,
BWG 10-5% group showed a greater increase in screen exposure
time (D 3:10h [2:21h, 4:00h]) compared to BWL (D 1:34h [0:43h,
2:25h]) (Fig. 4B). Also, the BWL group had a lower increase in
sedentary hours (D 0:46h [�0:04h, 1:39h]) compared to the other
groups (Fig. 4C).

Mediation models for the external synchronizers' changes with
confinement (Fig. 5) showed a direct effect of sedentarism, sleep
duration, and screen exposure duration on body weight variation
(BWV). The model was able to predict the variation in body weight
in 6% (R2 ¼ 0.064), showing a positive correlation between sed-
entarism and BWV (b ¼ 0.302) and a negative correlation between
sleep duration and BWV (b ¼ �0.211). For every 1 h of increase in
sedentarism, there was a 0.3% increase in body weight, and for
every 1 h of increase in sleep duration, there was a 0.2% decrease in
body weight (Fig. 5).

Regarding meal timing, the model explained 0.6% (R2 ¼ 0.006)
of the variation in body weight, which suggests that the influence
of meal timing on the BWV was low (data not shown). The co-
efficients of determination showed that sleep duration was the
most influential variable on BWVwhen themodel was not adjusted
by the other external synchronizers (R2 ¼ 0.022, p ¼ 0.001); In
contrast, after adjusting for external synchronizers, the most
influential variable on BWV was sedentarism (R2 ¼ 0.058,
p < 0.001), followed by screen exposure time (R2 ¼ �0.031,
p < 0.001), and finally by sleep duration (R2 ¼ 0.022, p < 0.001).
Overall, the adjusted model predicted a 6% of the BWV (R2 ¼ 0.064,
p < 0.001).

Figure 6 represents a summary of the impact of 12-week
confinement on body weight, considering changes in several
external synchronizers of the biological clock in these university
students.
4. Discussion

In this study, including 521 young university students, we found a
significant increase in BMI and body weight together with variations
in the duration and timing of various external synchronizers of the
biological clock after 12-weeks of confinement. This confinement
was part of the emergency measures implemented by the Peruvian
Government against COVID-19 [16]. These changes included a
twofold increase in the prevalence of obesity togetherwith decreases
in sunlight exposure and sleep duration. Moreover, confinement was
associated with an increase in the screen exposure time and in
sedentarism and a delay in the timing of the main meals and in the
midpoint of sleep. Mediation analyses suggested that from these
various external synchronizers, the most influential factors in the
body weight variation with confinement were sleep (duration),
physical activity (sedentarism), and light (timing of screen exposure).



Table 1
General characteristics of college student at first and thirteenth week of confinement.

N First week of confinement Thirteenth week of confinement p value

521 521

Age, years 21 (19e23)
Women, % (n) 63.72 (332)
BMI, kg/m2 23.61 (23.33e23.90) 24.17 (23.85e24.49) <0.001
Daily habits
Sunlight exposure duration, h 2:06 (1:55e2:17) 1:27 (1:13e1:36) <0.001
Sedentarism duration, h 7:06 (6:49e7:24) 9:34 (9:16e9:52) <0.001
Screen exposure time, h 7:15 (6:59e7:32) 9:49 (9:31e10:06) <0.001
Sleep habits
Ready for sleeping, h 23:42 (23:34e23:50) 00:34 (0:25e0:42) <0.001
Duration of sleep latency, h 0:44 (0:40e0:48) 0:43 (0:40e0:47) 0.387
Sleep time, h 0:25 (0:16e0:35) 1:17 (1:08e1:27) <0.001
Time to wake up, h 8:34 (8:25e8:42) 8:19 (8:11e8:28) 0.029
Sleep duration, h 8:06 (7:58e8:14) 7:01 (6:53e7:09) <0.001
MPS, h 4:30 (4:22e4:38) 4:49 (4:42e4:57) <0.001
Feeding time
Breakfast, h 9:16 (9:09e9:24) 9:29 (9:21e9:36) 0.006
Lunch, h 13:55 (13:49e14:01) 14:13 (14:07e14:19) <0.001
Dinner, h 20:07 (20:00e20:13) 20:28 (20:21e20:34) <0.001
MPI, h 14:41 (14:35e14:46) 14:58 (14:52e15:04) <0.001
Night fasting duration, h 13:10 (13:03e13:18) 13:00 (12:52e13:08) 0.073

BMI: Body mass index; MPS: Midpoint of sleep; MPI: Midpoint of intake.
Values were mean (CI 95%), p value represent the delta of both periods derived from U-The Man Whitney test.

Fig. 2. Variation of main outcomes. A) Variation of BMI, B) Variation of BMI classification and C) Variation of chronotype classification. A shows the mean, and the dispersion is
expressed as the Standard Error of the Mean and the U-The Man Whitney test was used. For B and C comparison of proportions was used. ***p < 0.001, **p < 0.01, *p < 0.05. BMI:
Body mass index.
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Our data showed an overall increase in BMI both in men and
women, with no significant sex interaction. In addition, according
to BMI classification, the percentage of obesity doubled and the
percentage of normal BMI decreased (~10%). When the population
was classified according to the variation in body weight with
2991
confinement, our data showed that changes in body weight were
mediated by three factors: sleep duration (R2 ¼ 0.02), sedentarism
(R2 ¼ 0.06), and screen exposure (R2 ¼ 0.03). The regression model
explained a 6% of the total body weight variation; while this
number does not seem to be relevant, it is higher than other



Fig. 3. Changes in external synchronizers with confinement. Y axis represents
duration in Figure A and timing in Figure B. Mean (SEM). The U-The Man Whitney test
was used. ***p < 0.001, **p < 0.01, *p < 0.05, ns: not significant.
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classical known factors influencing obesity such as genetics, which
has been shown to account for a ~2.7% of the variation in BMI [20].

Our results are in agreement with the body weight gain shown
in other studies examining shorter lockdowns [21]. Furthermore, in
the current study, subjects who gained more body weight (>10%)
had a more significant increase in sedentarism (D 3:28h) vs. those
who lost body weight (D 0:46h) during the 12 weeks of confine-
ment. This increase would be related to a more positive energy
balance due to a more sedentary lifestyle. Nevertheless, other
circadian system alterations could also be involved, such as the
more prolonged exposure to screens, the shorter exposure to sun-
light, and the delay in the timing of sleep and food intake, which
may be influencing the changes in chronotype towards a more
evening-type. Unlike genetics, these factors are modifiable and
should be considered a fundamental component in the recom-
mendations to prevent the adverse effects associated with obesity.

The recent confinement has affected sunlight exposure, known
as the strongest synchronizer of the circadian system [22]. In our
study, the time of exposure to sunlight decreased bymore than half
an hour with confinement (D �0:39h). Conversely, we observed an
increase of more than two hours in screen exposure (D 2:33h) in
2992
agreement with other studies examining the effects of confinement
[23]. These changes may be related to variations in the study and
work habits due to confinement, which demands greater use of
electronics and increased exposure to digital media [24]. Decreased
sunlight, together with continuous exposure to screens and
delayed meals and sleep timings, affects the circadian system and
may alter the synchronization between the central and peripheral
clocks and between the biological clocks and the environment,
causing chronodisruption and subsequently obesity [25].

It has been described that, in addition to light, which synchro-
nizes our central clock, there are other external synchronizers
directed towards specific peripheral clocks, such as those in adipose
tissue [26]. Among these peripheral synchronizers, examples are
related to changes in activity and resting and in eating and fasting.
In addition, sleep can be understood as a result of- or a synchro-
nizer of-the circadian system [27]. Circadian system alterations
have been related to changes in adipose tissue metabolism [28],
obesity [7,8] and cardiovascular risk [29e31]. Therefore, and
considering that confinement has affected several known external
synchronizers of the biological clock, we would expect a significant
change in body weight as the one observed in our study.

There is concern about sleep habit disturbances that may have
arisen during the pandemic [32e34]. We found an overall reduc-
tion in sleep duration of approximately one hour (D �1:04) in both
genders, in agreement with other studies [13]. Our results show
that those who shortened their sleep with confinement to a higher
degree, more than two hours, (D �2:19h) were those who gained
more body weight (11.9%). Furthermore, the significant delays
observed for sleep timing in combination with the delay in the
timing of the main meals: breakfast (D 0:12h), lunch (D 0:19h), and
dinner (D 0:22h), explained the increase in the proportion of
evening-types: 11% of the students became evening-types during
the 12 weeks of confinement. Our results are consistent with other
studies that show that confinement represents a parenthesis in
sleep habits according to the natural changes in society [35]. In this
context, it is now a challenge to maintain adequate metabolic
health [36] with current and upcoming measures regarding
confinement and social isolation.

Furthermore, confinement within homes, mobility restrictions,
and social isolation rules have been traduced to less accessibility to
fitness centers and public spaces for physical activity. In accor-
dance, our results show an increase in sedentarism, similar to
previous reports [21,23,37], although one study showed a slight
increase in physical activity, especially for body weight training
[38]. These results showa lower energy expenditure due to physical
activity, one of the factors of body weight gain, with a probable loss
of muscle mass and increased fat accumulation. Furthermore,
sedentarism may lead to a flattening of the daily activity rhythms,
resulting in a weakening of the signals to the internal clock, and
therefore, chronodisruption.

Although the etiology of obesity recognizes dietary habits as the
main factor with a positive energy balance, there are other inter-
vening factors such as physical activity, genetics, microbiota, and
sleep habits [5e8]. Therefore, the obesity pandemic that has been
going on for decades has found itself in the worst scenario with this
new pandemic.

Considering that, in the short term, there is still uncertainty
about the duration of the state of emergency, we contemplate that
it is important to monitor changes in behavior and a good alter-
native is the use of smartphones and other wearable devices [39].

The current study has strengths and limitations. This is the first
study that considers global changes in several external synchro-
nizers of the circadian clock during confinement by using a
comprehensive questionnaire consisted of 52 questions that



Fig. 4. External synchronizers and bodyweight variation during confinement. A) Sleep duration, B) Screen exposure time and C) Sedentarism. The capital letter represents the
difference in the groups. Mean (SEM). The U-The Man Whitney test was used. ***p < 0.001, **p < 0.01, *p < 0.05.
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addressed several aspects related to the circadian system such as
exposure to sunlight, exposure to screens, sleeping habits, seden-
tary lifestyle, and timing of food intake, together with body weight
changes. A relevant aspect is that due to the low variation of
2993
daylight length in Lima, sun hours were practically the same at the
beginning and at the end of confinement during the 12weeks of the
study. Therefore, changes in sun exposure during the study were
not affected by the shortening of days [40]. There are limitations



Fig. 5. Mediation models of external synchronizers on body weight variation. Body weight variation (BWV) as the dependent variable, D sleep duration, D sedentarism, D screen
exposure time as independent variables. D was calculated by subtracting the variables from the thirteenth week to the first week of confinement. The straight arrows represent the
correlation between variables of interest; the curved arrows denote the covariance among the three represented external synchronizers. The beta coefficients are shown in italic
letter while beta coefficients of the adjusted model are shown in bold letter. Cov. ¼ Covariance. BMI ¼ Body Mass Index. D ¼ Delta. ***p < 0.001, *p < 0.05.

Fig. 6. Changes after twelve weeks of confinement on biological clock synchro-
nizers. Sunlight exposure time and sleep duration decreased. Sedentarism, screen
exposure time and body weight increased while meals timing and midpoint of sleep
were delayed. All changes were statistically significant p < 0.05.
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associated with our study; first, the data are based on self-
completed questionnaires. Moreover, we have no information
about the students' dietary habits, apart from food intake timing.
The results and conclusions apply to the specific group under
investigation (young students). Nevertheless, data support a sig-
nificant impact of confinement on several external synchronizers
and body weight change in this population.

5. Conclusion

This study analyses how acute changes in our biological clock's
external synchronizers may affect body weight in an unusual real-
life situation. During confinement, therewas an increase in BMI and
in the proportion of obese students. Sleep patterns and daily habits
were altered, finding a decrease in sleep duration and sunlight
exposure time and an increase in the duration of exposure to
screens. In addition, there was a delay in feeding schedules and in
the midpoint of sleep. Finally, sedentarism seemed to be more
2994
relevant in body weight variation than sleep duration and screen
exposure time.

As long as the vaccine for SARS-CoV-2 is not widely available,
there is great concern about the possible impact of confinements.
Healthier lifestyle changes appear to bemore urgent now than ever.
This study has shown the association between changes in the
external circadian rhythm synchronizers and body weight gain.
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