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Abstract

Objective To evaluate the effects of replacing time spent in sedentary behavior (SB) with moderate to vigorous
physical activity on sleep quality in young adults.

Methods Multicenter cross-sectional study, carried out with students enrolled in undergraduate courses at
universities in Brazil. Sleep quality was assessed using a question of the World Health Organization Quality of Life
(WHOQOL-brief) and classified as good or poor sleep quality. SB was evaluated by self-reported total sitting time, and
the level of leisure-time PA was classified according to the intensity of moderate-intensity physical activity (MPA) and
vigorous-intensity physical activity (VPA), which were assessed using a self-reported questionnaire. An isotemporal
replacement logistic model was used to evaluate the effects of different SB, MPA, and VPA sessions on sleep quality.

Results A total of 8,059 study participants were evaluated, the majority had poor sleep quality (64.79%), were
physically inactive (48.28%, defined as practicing < 150 min of MPA or <75 min of VPA per week), and spent>9 h/
day in SB (55.08%). The multivariate model showed an association between non-adherence to wake-based
movement guidelines and poor sleep quality, where those with one altered behavior were 43% more likely to have
poor sleep quality (OR:1.43;95%Cl:1.27 to 1.60), while individuals with two altered behaviors were 97% more likely
(OR:1.97,95%Cl:1.73 to 2.24). In the isotemporal analysis, replacing MPA and VPA with equivalent time in SB increased
the odds of poor sleep at all times assessed, with peaks of 56% for MPA and 68% for VPA.

Conclusion The results of the present study indicate that replacing SB with the same amount of MPA or VPA may
reduce poor sleep quality.
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Introduction

Sleep quality is a fundamental pillar for health and well-
being, especially among young adults, a population
increasingly immersed in sedentary behaviors (SB) and
challenges maintaining adequate levels of physical activ-
ity (PA). Previous studies have consistently associated
SB and insufficient PA with a variety of negative health
outcomes, including poor sleep quality [1, 2]. This asso-
ciation between SB and PA with sleep quality is com-
plex and multifaceted. One of the central hypotheses is
that SB, especially when it involves exposure to LED-lit
screens at night, can suppress the production of mela-
tonin, a hormone crucial for sleep regulation [3]. This
suppression can lead to an increase in psychophysiologi-
cal alertness, thus interfering with the body’s natural cir-
cadian rhythms and impairing both the induction and
maintenance of sleep [4]. Furthermore, regular PA acts as
a synchronizer of these biological cycles, enhancing the
robustness of the circadian system and promoting the
internal alignment of various rhythms [5].

University students exhibit highly sedentary behavior
[6], which has been further exacerbated by the pandemic
[7]. The shift to remote education during the COVID-
19 pandemic, characterized by prolonged screen time
and reduced physical activity, further exacerbated these
issues. The nature of distance learning often required
extended periods of sitting in front of electronic devices,
leading to a more sedentary lifestyle. In addition, restric-
tions on movement and the closure of public spaces such
as gyms and parks during lockdown periods intensified
the reduction in PA among young people. Consequently,
this transition contributed to poorer sleep quality, high-
lighting the significant challenges that the pandemic
brought to the health and well-being of students [8, 9].

However, the complex interaction between these
behaviors and sleep quality has yet to be fully elucidated,
particularly about the isotemporal substitution of SB for
PA [10]. Recent research has applied isotemporal sub-
stitution models to evaluate the hypothetical effects of
reallocating time spent on one activity to another, high-
lighting the importance of considering the balance of
behaviors over 24 h [11]. These studies suggest that the
interrelationship between these behaviors is a critical fac-
tor that interacts to influence mental and physical health.

Despite the growing body of evidence, there remains a
gap in knowledge about how the isotemporal substitution
of SB for PA affects sleep quality in young adults. Previ-
ous studies have focused on specific populations, such as
the elderly and adults, but there is a need to explore this
association in young adults, a group that is at a critical
stage of development and establishment of healthy life
patterns [12]. Therefore, this study, conducted during the
COVID-19 pandemic, aimed to investigate the associa-
tion between SB, PA, and sleep quality in young adults.
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Using isotemporal analysis, we examined the effects of
replacing the time devoted to SB with moderate to vigor-
ous PA on sleep quality.

Methods

Design and data collection

This research presents a cross-sectional study conducted
in Brazil, assessing data collected from the survey titled
“Symptoms of Anxiety and Depression Disorders in Uni-
versity Students in Minas Gerais: Multicenter Study”
(PADu study). The study involved undergraduate stu-
dents from eight Brazilian Federal Universities of Higher
Education, including Universidade Federal de Ouro Preto
(UFOP), Universidade Federal de Minas Gerais (UFMG),
Universidade Federal de Juiz de Fora (UFJF), Univer-
sidade Federal de Sao Joao del-Rei (UFSJ), Universidade
Federal de Lavras (UFLA), Universidade Federal de Alf-
enas (UNIFAL-MG), Universidade Federal dos Vales do
Jequitinhonha e Mucuri (UFVJM), and Universidade
Federal de Uberlandia (UFU).

Students who were over 18 years old and enrolled in
undergraduate courses at these institutions were invited
to participate in completing a self-administered online
questionnaire through Google Forms. As the study was
carried out online, participants did not have the option
of choosing a printed version of the questionnaire;
instead, they could access it via mobile devices such as
smartphones, tablets or computers. The survey con-
tained questions about their sociodemographic profile
and health conditions. Data collection took place during
the COVID-19 pandemic, from October 2021 to Febru-
ary 2022. The inclusion criteria were students aged 18 or
over, of both sexes. Exclusion criteria included partici-
pants who didn’t complete the entire questionnaire and
postgraduate students. For further details about the proj-
ect’s methodology, refer to the literature [13].

Outcome variable: sleep quality
Sleep quality was assessed through self-reported subjec-
tive sleep quality using item 16 of the WHOQOL-bref
questionnaire [14], which asks: ‘How satisfied are you
with your sleep? and has been validated for use in Bra-
zil [15]. The questionnaire was applied exclusively online,
with participants completing it using mobile devices,
tablets or computers. This item is part of a facet address-
ing the influence of sleep and rest, as well as related
problems, on the individual’s quality of life. It focuses on
whether or not sleep is disturbed, regardless of the cause,
whether it is related to the individual or the environment.
The entire scale was completed, but for this study, only
this specific question will be utilized.

When analyzing the data, we adopted a dichoto-
mous approach to classifying sleep quality. The answers
included “Very dissatisfied’; “Dissatisfied’, “Neither
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satisfied nor dissatisfied’, “Satisfied” and “Very satisfied”
When analyzing the data, we adopted a dichotomous
approach to classifying sleep quality. The answers ‘Sat-
isfied’ and ‘Very satisfied’ were classified as ‘good sleep,
while “Very dissatisfied, ‘Dissatisfied, and ‘Neither satis-
fied nor dissatisfied’ (neutral) were classified as poor
sleep’ [16]. We included the “neutral” response in the
“poor sleep” category, based on evidence from the litera-
ture which suggests that a neutral assessment can hide
mild but clinically relevant dissatisfaction. This method-
ological decision aims for a more conservative and rig-
orous interpretation of the data, in line with studies that
demonstrate the importance of an accurate assessment of
sleep quality and its health implications [17, 18].

Physical activity in leisure time

PA during leisure time was evaluated based on the VIGI-
TEL questionnaire, a surveillance system of risk and pro-
tective factors for chronic diseases conducted annually by
the Brazilian Ministry of Health through telephone sur-
veys. This questionnaire has been validated and shown
to be reliable, with substantial agreement for active
(k=0.70) and inactive (k=0.64) individuals during leisure
time and moderate agreement for TV viewing (k=0.56).
In comparison to the Global Physical Activity Question-
naire (GPAQ), a reference method for measuring PA,
VIGITEL also demonstrated moderate to high sensitivity
and specificity across different domains [19].

Initially, respondents were asked whether they
were currently engaged in any type of PA. Those who
responded affirmatively were then asked to specify the
types of activities they practiced, with the option to select
more than one modality. For each activity, they reported
the frequency of practice and the duration in minutes.

The intensity of PA was assessed according to the Com-
pendium of Physical Activity Codes and MET Intensities.
Activities were classified as moderate physical activ-
ity (MPA) or vigorous physical activity (VPA) based on
their MET values: moderate activities range from 3 to
5.9 METs, and vigorous activities are greater or equal to
6 METs. For example, running (Code: 12020, 7.5 METs),
treadmill running (Code: 12020, 7.5 METs), aerobics
(Code: 02000, 7.3 METs), soccer/futsal (Code: 15610,
7.0 METs), basketball (Code: 15055, 7.5 METs), bicy-
cling (Code: 01014, 7.0 METs), wrestling (Code: 02061,
5.0 METs) and tennis (Code: 15675, 6.8 METSs) are con-
sidered VPA. MPA includes walking (Code: 17160, 3.5
METs), treadmill walking (Code: 17358, 4.8 METs),
weight training (Code: 02061, 5.0 METs), water aero-
bics (Code: 02120, 5.3 METs), general gymnastics (Code:
15300, 3.8 METs), swimming (Code: 18240, 5.8 METs),
martial arts (Code: 15425, 5.3 METs), volleyball/foot
volleyball (Code: 15710, 4.0 METs), and dancing (Code:
03010, 5.0 METs) [20].
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Subsequently, PA was classified according to the guide-
lines established by the World Health Organization
(WHO). Individuals were considered physically inactive
if they either did not engage in any PA or did not meet
the recommended thresholds of less than 150 min per
week of MPA or less than 75 min per week of VPA. Those
who met or exceeded these recommendations were clas-
sified as active [21].

Sedentary behavior (SB)

SB was measured by the total time spent sitting during
weekdays and weekends. The measurement was carried
out using the following question: ‘Currently, how much
time on average do you spend sitting per day? (Include
time used for cell phone, TV, computer, tablet, books, car
and bus). Based on the answers, a weighted average of the
time in SB was calculated using the formula.

Weighted average SB = [(Total sitting timing during the
week x 5) + (Total sitting timing during the weekend x
21/7.

Total sitting time was then classified considered a cut-
off point of 29 h, based on a meta-regression analysis of
more than 1 million individuals, suggesting that Individ-
uals with a total sitting time per day greater than or equal
to 9 h have a higher risk of all-cause mortality [22].

Exposure variables: wake-based movement behaviors

The 24-hour biological clock that controls the sleep-
wake cycle is also linked to PA, SB, and sleep. Therefore,
the 24-hour cycle can be divided into two categories
of behavior that make up the two ends of the circadian
cycle: “wake-based” and “sleep-based” movement behav-
ior [23]. In this study, we assessed adherence to wake-
based movement guidelines, as measured by time spent
in SB and PA. These behaviors were measured continu-
ously and then classified into distinct categories. Subse-
quently, a composite variable, “Adherence to Movement
Guidelines” was created, stratifying participants into
three groups: “Complete adherence” for those with less
than nine hours of SB and no physical inactivity (PI),
“Partial adherence” for more than nine hours of SB or PI
and “Non-adherence” for more than nine hours of SB and
PI. This classification facilitated an assessment of how
these behaviors affect health individually and collectively.

Covariates

The questionnaire included variables for possible con-
founding controls in the analysis. The variables evaluated
were sex (female or male), age (according to the median,
in the categories 18—22 years, or >22 years), current fam-
ily income (<2 minimum wages; 2 to 5.9; 6 to 10; and
>10 minimum wages), education level of head of house-
hold (no education or incomplete primary education;
complete primary education or incomplete secondary
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education; complete secondary education or incomplete
higher education; complete higher education), area of
knowledge of the course (life sciences, exact sciences,
and human and social and applied sciences), and self-
reported skin color. The self-reported skin color was
based on the categories proposed by the Brazilian Insti-
tute of Geography and Statistics (IBGE). The categories
were: white, brown, black, yellow, and Indigenous, cate-
gories used in demographic and public health research to
reflect the ethnic-racial diversity of the Brazilian popula-
tion [24].

The body mass index (BMI) was calculated by self-
reported weight (kg) and height (m®) and classified as
not excess weight (BMI<25 kg/m? and excess weight
(BMI>25 kg/m?) [25]. Furthermore, the Depression,
Anxiety, and Stress Scale (DASS-21) was used to evalu-
ate symptoms of anxiety and depression, classified with
a depression symptom score>19 (DASS-D-21>19) and
anxiety as a score>10 (DASS-A-21>10) [26, 27].

Statistical analysis

To describe the study sample, statistical analyses were
performed in Stata® software, version 15.0. They were
described as relative frequencies or mean and 95% confi-
dence interval (CI).

To verify the association between wake-based move-
ment behaviors and sleep quality, unadjusted and
adjusted logistic regressions were performed. A theo-
retical causality model based on a directed acyclic graph

Education level <
\
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| 2
[

Area of knowledge |

~__ Body mass index
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(DAG) was developed according to the exposure vari-
ables (wake-based movement behaviors), outcome (sleep
quality), and confounding variables, using the online soft-
ware Dagitty, version 3.2 (Fig. 1). To avoid unnecessary
adjustment, spurious associations, and estimation errors,
the backdoor criterion was used to select a minimum set
of confounding variables to fit the analyses. Therefore, all
models were adjusted by the following minimum set of
variables from the backdoor criterion: sex, age, education
level of father/mother or guardian, household income,
area of knowledge, and body mass index [28].

To verify the hypothetical effects of reallocating time
spent on SB, MPA, and VPA on sleep quality, the isotem-
poral substitution approach [29] was used. This statistical
approach makes it possible to estimate the redistribu-
tion of time between different activities while keeping
the total time available constant. In this study, isotempo-
ral substitution models were used to examine the effect
of substituting intervals of 5, 10, 15, 20, 25, 30, 35, 40,
45, 50, 55, 60, 90, and 120 min per day of SB, MPA and
VPA on sleep quality. The analyses were carried out by
estimating the odds ratio (OR) with the respective CI of
95% using binary logistic regression. For analysis, a total
time variable was first calculated, adding up the minutes
dedicated to each activity (total time=SB+MPA+VPA).
Subsequently, all the time variables were normalized by
the corresponding fractions, facilitating the analysis of
the proposed isotemporal substitutions. In the model, we
included all the behavioral variables, except the one being
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Fig. 1 Directed acyclic graph (DAG) of the association between wake-based movement behaviors and sleep quality during the COVID-19 pandemic
Legend: The variable in green and with the “»" symbol inside the rectangle was the exposure variable; those in blue and with the letter “I"inside the
rectangle were the response variables; variables in blue are the antecedents of the outcome variable; and those in red are antecedents of the outcome

and exposure variables
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replaced (SB, MPA, or VPA), as well as the total time
variable. The covariates of interest were also incorporated
into the model. The inclusion of total time restricts the
model so that the regression estimate for each behavior
included reflects the expected average change in the lev-
els of the outcome when there is an increase in the frac-
tions of time defined for an activity, with a concomitant
and equivalent decrease in the time spent on sedentary
behavior.

The parameters for evaluating the model were assessed
(Prob F<0.001 and goodness-of-fit test), indicating that
the variables in the model were appropriate for the analy-
sis. In addition, multicollinearity was tested by variance
inflation factors (VIF<10), with the ‘subsetByVIF’ com-
mand in Stata.

Results

A total of 8,059 study participants were evaluated. The
majority were female, self-declared white, with a fam-
ily income of less than four minimum wages and aged
between 18 and 22. The age of the participants ranged
from 18 to 71 years, with a mean of 23.90 years (+6.33),
and a median of 22.00 (IQR: 5.00). More than half self-
reported symptoms of anxiety (59.39%) and 62.66%
symptoms of depression (Table 2). In terms of sleep
quality, 64.79% of individuals reported poor sleep qual-
ity (Fig. 2). Of the wake-based movement behaviors, the
average SB was 9.43 h/day (95%CI: 9.34 to 9.50), and
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55.08% had a high level of SB. While the average MPA
time was 25.43 min/day (95%CI: 24.67 to 26.18), VPA
was 7.55 min/day (95%CI: 7.13 to 7.97), and 48.28% were
physically inactive. Furthermore, when assessing adher-
ence to movement guidelines, only 26.60% of individuals
had complete adherence, meeting physical activity and
SB recommendations (Fig. 3).

The association between wake-based movement behav-
iors and sleep quality showed that individuals with 9 h
or more of SB and who were physically inactive were
42% and 52% more likely to have poor sleep quality,
respectively (OR:1.42; 95%CI:1.29 to 1.57 and OR:1.52;
95%CI:1.38 to 1.67). When analyzing adherence to wake-
based movement guidelines, individuals with partial
adherence were 43% more likely to have poor sleep qual-
ity (OR: 1.43; 95%CI: 1.27 to 1.60), while individuals with
non-adherence were 97% more likely (OR: 1.97; 95%Cl:
1.73 to 2.24) compared to individuals who fully adhered
to the guidelines (less than 9 h of SB per day and physi-
cally active) (Table 2).

The results obtained from the isotemporal substitu-
tion models indicate that increasing the time dedicated
to MPA and VPA and reducing the time spent in SB,
decreases the odds of poor sleep quality. A significant
dose-response gradient was observed, where greater
time substitutions resulted in a greater protective effect
(p<0.05). Specifically, the protective effect ranged from
2 to 66.7% for substitutions of 5 to 120 min, respectively

Table 2 Association of movement behaviors with sleep quality in young adults, PADu-multicentric (2021-2022)

Movement behaviors Prevalence % (95%Cl) Univariate p-value Multivariate OR p-value
OR

Sedentary behavior

Continuous value (hour/day) * 943 (9.34109.5) 1.06 (1.04 to 1.07) <0.001 1.06 (1.05 to 1.07) <0.001
AlC - 10378.02 9353.98
< 9h/day 44.92 (43.83 to 46) 1.00 1.00

> 9 h/day 55.08 (53.99 to 56.16) 143 (1.30to 1.56) <0.001 142 (1.29t0 1.57) <0.001
AlC - 10402.04 937249

Physical activity’

Continuous value of AFMV(min/day) * 32.97 (32.06 to 33.82) 0.99 (0.98 to 0.99) <0.001 0.99 (0.98 to 0.99) <0.001
AIC - 11138.05 10042.73
Active 51.72 (50.63 to 52.80) 1.00 1.00
Inactive 4828 (47.19t049.37) 1.56 (142 to 1.70) <0.001 1.52(1.38t0 1.67) <0.001
AIC - 11093.99 10009.28

Adherence to wake-based movement guidelines?
Complete adherence 26.60 (26.65 to 27.58) 1.00 1.00
Partial adherence 4341 (42.34 t0 44.50) 141 (1.26t0 1.57) <0.001 143(127t01.60)  <0.001
Non-adherence 29.99 (28.98 t0 30.99) 2.02 (1.79t0 2.29) <0.001 1.97 (1.73 to 2.24) <0.001

AIC -

10334.33 9320.13

Cl: Confidence intervals. SB: Sedentary behavior; Pl: physically inactive; AIC: Akaike Information Criterion

*The values are presented as means and 95%Cl and modeled in binary logistic regression as continuous explanatory variables

" Physically inactive (< 150 min/week of moderate physical activity or <75 min/week of vigorous activity)

2 Adherence to movement guidelines: Complete adherence (i.e. individuals with less than 9 h of SB per day and no Pl), partial adherence (SB elevated or PI), and

non-adherence (SB elevated and Pl)

The quality of the model’s fit was assessed using the AIC, where a lower value indicates a better fit to the observed data
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Poor: 64.79% (95%CTI: 63.74 to 65.83)

'‘Neutral' Dissatisfied Very dissatisfied

Subjective sleep quality

Fig. 2 Histogram of the distribution of sleep quality in young adults PADu-multicentric (2021-2022)
Legend: Sleep quality is assessed based on the answer to question 16 of the WHOQOL-BREF scale, which addresses the influence of sleep and rest on the

individual's quality of life

(OR:0.98;95%CI:0.97 to 0.99 and OR:0.60;95%CI:0.50 to
0.70). Conversely, replacing 30 min of MPA or VPA with
SB resulted in a 14% and 12% increase in the likelihood
of poor sleep quality, respectively (OR:1.14;95%CI:1.09
to 1.19 and OR:1.12;95%CI:1.04 to 1.21). When compar-
ing MPA and VPA, it was noted that both showed similar
protective effects about SB, with a marginal advantage
for MPA in improving sleep quality. The variations can
be seen in Table 3, with the most significant change
observed for 120 min of substitution.

Discussion
To our knowledge, this is the first study to assess isotem-
poral change in wake-based movement behaviors and
their influence on sleep quality in young adults. Our find-
ings suggest that SB and PI are significantly associated
with poor sleep quality, and replacing the time devoted
to SB with MPA or VPA may have a significant interface
with sleep quality.

The relationship between PA and sleep quality is
well documented in the literature, highlighting it as an

essential factor for well-being. However, research into
SB and its interaction with PA is still relatively new. The
association of isolated SB is a risk factor for insomnia and
sleep disorders, as demonstrated by Yang et al. (2017) in
a systematic review of 16 studies. However, they found
no association with overall poor sleep quality and did not
consider the interface of PA [30]. In this respect, during
the pandemic, a recent study found that high levels of SB
were associated with poorer sleep quality, while PA atten-
uated these adverse effects [31]. However, the population
of young adults, especially university students, who tend
to have high levels of SB and physical inactivity, has not
been extensively evaluated. Furthermore, the potential
changes in health outcomes due to the replacement of
these wake-based movement behaviors still need further
exploration.

Movement behavior modification represents a signifi-
cant challenge for health research. Understanding the
daily variations in movement behavior is a complex task,
requiring careful analysis of the interrelationship and
substitution between different activities throughout the
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Fig. 3 Distribution of movement behaviors of young adults PADu-multicentric (2021-2022)

Legend: Distribution of movement behaviors of young adults, showing (A) the histogram of time spent in sedentary behavior (hours/day), (B) the histo-
gram of time spent in moderate physical activity (minutes/day), (C) the histogram of time spent in vigorous physical activity (minutes/day), (D) bar graph
showing the prevalence of individuals with physical inactivity and high sedentary behavior, and (E) the combination of adherence to movement behavior
guidelines, complete adherence (i.e. individuals with less than 9 h of SB per day and no PI), partial adherence (SB elevated or Pl) and non-adherence (SB

elevated and PI)

day. The isotemporal substitution methodology offers
a sophisticated statistical approach to investigating the
potential effects of reallocating time spent on one activity
to another. Recent studies employing this methodology
have revealed remarkable findings. For example, system-
atic review studies have found consistent data on other
health outcomes, in which replacing SB with MVPA was
associated with reductions in mortality risk, reduced

body mass index, body fat percentage and waist circum-
ference, cardiometabolic biomarkers [32] and improved
cognitive function [33]. Suggesting that even small
changes in daily activity patterns can have profound
health consequences [32].

Sleep-related studies that have explored the isotem-
poral substitution of wake-based movement behaviors
(SB and PA) are still scarce. However, existing research
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Table 1 Sociodemographic and health characteristics and association with poor sleep quality of young adults, PADu-multicentric

(2021-2022)

Characteristics Prevalence (95%Cl) OR (95%Cl)* p-value
Sex

Female 65.35 (64.31 to 66.39) 1.00

Male 3465 (33.61 t0 35.69) 0.97 (0.88 to 1.06) 0.469
Age

18 to 22 years 54.24 (53.15t0 55.32) 1.00

> 22 years 45.76 (44.68 t0 46.85) 1.18 (1.08 to 1.29) <0.001
Skin color'

White 55.59 (54.48 t0 56.79) 1.00

Brown 31.11(30.09 to 32.14) 1.06 (0.95t0 1.17) 0.290

Black 1222 (11.52t012.97) 1.14 (0.99t0 1.32) 0.065

Yellow 1.03 (0.83t0 1.28) 1.04 (0.66 to 1.63) 0.879

Indigenous 0.05(0.02t0 0.14) 2.23(0.25t0 19.9) 0474
Education level of head of household

No education or incomplete primary education 15.18 (1441 t0 15.99) 1.00

Complete primary education or incomplete secondary education 10.99 (10.32 to0 11.70) 0.88(0.73 t0 1.05) 0.148

Complete secondary education or incomplete higher education 34.31(33.27 to 35.39) 0.95 (0.83 to 1.09) 0.494

Complete higher education 39.52 (38.45 to 40.60) 0.85 (0.74 t0 0.98) 0.021
Family income?
<2 MW 32.14(31.09 to 33.20) 1.00

2.1-59 MW 40.85 (39.74 to 41.96) 0.86 (0.77 t0 0.96) 0.005

6-10 MW 17.24(1640t0 18.11) 0.74 (0.65 to 0.85) <0.001

> 10 MW 9.77 (9.12t0 1047) 0.64 (0.54 t0 0.75) <0.001
Area of knowledge

Exact Sciences 39.92 (38.85 to 40.50) 1.00

Life Sciences 31.38(30.37 to 32.40) 0.90 (0.81 to 1.00) 0.058

Humanities and Social and Applied Sciences 28.70 (27.72 to 29.70) 1.12(1.01 to 1.25) 0.047
Body Mass Index

Not excess weight 65.27 (64.22 t0 66.31) 1.00

Excess weight 34.73 (33.69 t0 35.78) 1.29(1.17t0 142) <0.001
Mental Health Assessment?
Symptoms of anxiety

No 40.61(39.54t0 41.69) 1.00

Yes 59.39 (58.31 to 60.45) 2.82(2.57103.08) <0.001
Symptoms of depression

No 37.34 (36.29 to 38.40) 1.00

Yes 62.66 (61.60 to 63.71) 3.08 (2.81 t03.38) <0.001

*Binary logistic regressions were carried out, considering poor sleep quality as the outcome and the variables assessed as explanatory

Values in bold mean p-value<0.05 in the Wald logistic regression test

' Skin color was evaluated by self-report and is presented in the table in descending order of frequency, with categories listed from highest to lowest occurrence
2 Value of the minimum wage at the time of data collection (2020): USD 1045,00 194.25 (1 USD=5.3797 BRL)

3 Symptoms of anxiety and depression were assessed using the DASS-21, and DASS-D-21>19 and DASS-A-21>10 were considered to be symptoms of depression

and anxiety

provides valuable insights. A study of Japanese older
adults found that each 60 min unit of SB or LPA replaced
with MVPA was favorably associated with rest by sleep
among women (f=0.16, 95% CI 0.07 to 0.28, p<0.001;
p=0.18, 95% CI 0.07 to 0.32, p<0.05, respectively) [2].
In addition, some studies suggest that replacing SB with
MVPA can result in significant mental health benefits,
including reduced depressive symptoms, increased self-
esteem and resilience [34, 35], which may be indirectly
related to improved sleep quality [34]. Furthermore, our

findings are aligned with the World Health Organiza-
tion (WHO) guidelines for 2020, which emphasize that
replacing sedentary time with physical activity of any
intensity, including light intensity, provides health ben-
efitsl. This recommendation highlights the importance
of even minimal increases in physical activity to coun-
teract the negative health impacts associated with seden-
tary behavior [36]. The WHO guidelines emphasize that
any movement is better than none, reinforcing the idea
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Table 3 Isotemporal substitution models of movement behaviors in poor sleep quality in young adults, PADu-multicenter (2021-

2022)
Isotemporal models SB MPA VPA
OR (95%Cl) OR (95%Cl) OR (95%Cl)

5 min/day
Replace SB Dropped 1.02 (1.01 to 1.03)* 1.02 (1.01 to 1.03)*
Replace MPA 0.98 (0.97 to 0.99)* Dropped 1.00 (0.98 to 1.01)
Replace VPA 0.98 (0.97 to 0.99)* 1.00 (0.99 to 1.00) Dropped

10 min/day
Replace SB Dropped 1.04 (1.03 to 1.06)* 1.04 (1.01 to 1.06)*
Replace MPA 0.96 (0.94 to 0.99)* Dropped 0.99 (0.96 to 1.02)
Replace VPA 0.96 (0.94 t0 0.97)* 1.00 (0.98 to 1.04) Dropped

15 min/day
Replace SB Dropped 1.07 (1.05 to 1.09)* 1.06 (1.02 to 1.10)*
Replace MPA 0.94 (0.91 to 0.98)* Dropped 0.99 (0.95 to 1.04)
Replace VPA 0.94 (0.92 to 0.96)* 1.01 (0.96 to 1.06) Dropped

20 min/day
Replace SB Dropped 1.09 (1.06 to 1.12)* 1.08 (1.02 to 1.13)*
Replace MPA 0.92 (0.89 to 0.94)* Dropped 0.99 (0.93 to 1.05)
Replace VPA 0.93 (0.88 to 0.98)* 1.02 (0.95t0 1.07) Dropped

25 min/day
Replace SB Dropped 1.11 (1.07to 1.15)* 1.10(1.03to 1.17)*
Replace MPA 0.90 (0.87 to 0.93)* Dropped 0.98 (0.91 to 1.06)
Replace VPA 0.91 (0.86 to 0.97)* 1.01 (0.94 to 1.09) Dropped

30 min/day
Replace SB Dropped 1.14 (1.09to 1.19)* 1.12(1.04t0 1.21)*
Replace MPA 0.88 (0.84 to 0.92)* Dropped 0.98 (0.90 to 1.07)
Replace VPA 0.89 (0.83 to 0.96)* 1.02 (0.93to 1.11) Dropped

35 min/day
Replace SB Dropped 1.16 (1.11to 1.22)* 1.14 (1.04 to 1.24)*
Replace MPA 0.86 (0.82 to 0.90)* Dropped 0.98 (0.88 to 1.09)
Replace VPA 0.88 (0.80 to 0.96)* 1.02 (0.92to0 1.13) Dropped

40 min/day
Replace SB Dropped 1.19 (1.12to 1.26)* 1.16 (1.05 to 1.28)*
Replace MPA 0.84 (0.79 to 0.89)* Dropped 0.98 (0.87 to 1.10)
Replace VPA 0.86 (0.78 to 0.95)* 1.02 (0.91 to 1.15) Dropped

50 min/day
Replace SB Dropped 121 (1.14t0 1.29)* 1.18 (1.06 to 1.32)*
Replace MPA 0.82 (0.77 to 0.88)* Dropped 0.97 (0.85t0 1.11)
Replace VPA 0.84 (0.76 to 0.95)* 1.03(0.90t0 1.17) Dropped

55 min/day
Replace SB Dropped 127 (1.17 to 1.37)* 1.23(1.07 to 1.41)*
Replace MPA 0.79 (0.73 to 0.85)* Dropped 0.97 (0.82to 1.14)
Replace VPA 0.81 (0.71 t0 0.93)* 1.03(0.88t0 1.22) Dropped

60 min/day
Replace SB Dropped 130 (1.19to 1.41)* 1.25(1.08 to 1.45)*
Replace MPA 0.77 (0.71 to 0.84)* Dropped 0.96 (0.81 to 1.15)
Replace VPA 0.80 (0.69 to 0.93)* 1.04 (0.87 to 1.24) Dropped

90 min/day
Replace SB Dropped 148 (1.3t0 1.67)* 140 (1.12to 1.75)*
Replace MPA 0.68 (0.60 to 0.77)* Dropped 0.95 (0.73to 1.24)
Replace VPA 0.71 (0.57 to 0.90)* 1.05 (0.81 to 1.38) Dropped

120 min/day

Replace SB

Dropped

1.68 (142 to 1.99*

1.56 (1.16t0 2.11)*
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Table 3 (continued)
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Isotemporal models SB MPA VPA
OR (95%Cl) OR (95%Cl) OR (95%Cl)
Replace MPA 0.60 (0.50 to 0.70)* Dropped 0.94 (0.65 to 1.33)
Replace VPA 0.64 (047 to 0.86)* 1.07 (0.75 to 1.53) Dropped

Cl=confidence interval; OR=prevalence ratio; MPA=moderate physical activity; VPA=vigorous physical activity; SB=sedentary behavior

The binary logistic regression was adjusted for sex, age, education level of father/mother or guardian, household income, area of knowledge, and body mass index

* p-values<0.05 in the Wald logistic regression test

that small changes in daily habits can lead to significant
improvements in health, including sleep quality.

The relationship between SB, PA, and sleep qual-
ity is supported by various physiological and behavioral
hypotheses. A sedentary lifestyle is associated with an
imbalance in circadian rhythms, partly due to reduced
exposure to sunlight, which is an essential synchro-
nizer of these rhythms and fundamental in regulating
the sleep-wake cycle [21]. Artificial light, especially that
emitted by electronic devices, can suppress melatonin
production, impairing sleep onset and maintenance [37].
In contrast, PA increases exposure to natural light and
promotes circadian regulation, as well as inducing the
physical fatigue necessary for sleep pressure, where ade-
nosine plays a central role by accumulating in the brain
and signaling the need for rest [38]. Exercise also helps
to reduce stress and anxiety, factors that improve sleep
quality [39]. In addition, sedentary behavior can lead to
musculoskeletal pain, such as lower back pain, which is
known to interfere with sleep, while regular PA can help
relieve this pain and promote more comfortable and rest-
ful sleep [40]. Other hypotheses include the thermoregu-
latory effect of exercise, which through the elevation and
subsequent reduction of body temperature, may facilitate
the onset of sleep [41]. The release of endorphins dur-
ing PA may increase alertness during the day, improving
sleep latency at night [42]. Improved respiratory capacity
and a reduction in excess adiposity, both effects of regu-
lar PA, can contribute to the prevention of sleep disor-
ders and promote better quality sleep [43, 44].

Additionally, PA has positive effects on mental health,
which may contribute to reducing sleep disorders related
to conditions such as depression and anxiety [42]. Stud-
ies have shown that symptoms of depression, anxiety,
and stress are prevalent among college students and have
a significant negative association on their quality of life,
which in turn affects sleep quality. For instance, one study
evaluated the association between quality of life and the
presence of symptoms of depression, anxiety, and stress
in health area students and found that higher symptom
severity was associated with lower quality of life scores
[45]. Another study compared the quality of life and men-
tal health of healthcare students before and during the
COVID-19 pandemic, revealing a deterioration in both
aspects during the pandemic, with significant increases

in symptoms of depression, anxiety, and stress [46]. All
these hypotheses reinforce the importance of an active
lifestyle in promoting healthy, quality sleep.

Therefore, this study makes a significant contribu-
tion to understanding the effects of wake-based move-
ment behaviors on sleep quality in young adults. General
recommendations based on our findings suggest the
importance of intervention strategies that promote the
reduction of SB and encourage regular PA as an effec-
tive means to improve sleep quality. Such strategies are
particularly pertinent in remote teaching contexts, where
students may be more susceptible to sedentary lifestyle
patterns. However, when reflecting on the methodology
employed, it is important to recognize both the strengths
and limitations of the study.

As limitations, the cross-sectional nature of the
research prevents the inference of causal relation-
ships, and the use of self-administered questionnaires
may introduce self-report bias. Additionally, the use of
a single question from the WHOQOL scale to assess
sleep quality limits the depth of understanding regard-
ing sleep patterns. The lack of objective measures of SB
and PA may affect the accuracy of the data collected.
Furthermore, the period of data collection, during the
COVID-19 pandemic, may have influenced the behav-
iors and perceptions of the participants, as lockdowns
and remote learning significantly altered daily routines. It
is also important to note the timeframe reference of the
questions (e.g., currently, or over the last few months),
which may affect the estimates and their interpretation.
The non-probability sample, which invited all students to
participate, may have introduced response bias, particu-
larly if those with previous experience with mental disor-
ders were more likely to participate. This factor should be
carefully considered when interpreting the results.

The strengths of this study include the use of isotem-
poral analysis to evaluate the hypothetical effects of time
reallocation between different wake-based movement
behaviors and sleep quality, an approach that offers a
more complete view of the health benefits of these activi-
ties. In addition to using the counterfactual approach,
the DAG was used to guide analysis plans and decisions
about possible confounders. The substantial sample
size, which includes almost 10,000 students, and the
multicenter approach, covering eight higher education
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institutions in different regions of Brazil, lend robustness
and representativeness to the data collected. These char-
acteristics of the study strengthen the reliability of the
results and their applicability in a wider context.

Conclusion

Most of the individuals in the study experienced poor
sleep quality, which was significantly associated with
movement behavior patterns. Replacing sedentary behav-
ior (SB) with an equivalent duration of MVPA was found
to reduce the likelihood of poor sleep quality. The lon-
ger the duration of MVPA substituted for SB, the greater
the observed benefits. It is crucial to note that improv-
ing sleep quality not only enhances overall well-being but
also promotes various aspects of health.
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