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A B S T R A C T   

Objectives: To examine the association of sleep duration and timing with BMI among adults. Also, to identify 
obesogenic and unhealthy behaviors (e.g.diet/sleep quality, physical activity, screen time, smoking) associated 
with short sleep duration and late bedtime. 
Participants: Participants (n=755) were part of exploratory, population-based research, with data collection in a 
virtual environment. 
Methods: For purposes of characterizing the population we considered short sleepers<7h/night, and the popu
lation bedtime median was used to stratify participants into early and late sleepers (before and after 23:08). 
Student’s t-test and chi-square test were performed to assess differences in characteristics between groups. Linear 
regression analyses were conducted to determine the association of sleep duration, bedtime, and wake-up time 
with BMI. Quantile regression was estimated for the 25th, 50th, and 75th quantiles to identify the distributional 
correlations between BMI and sleep variables. Restricted cubic splines were also used to study the shape of the 
association between sleep-BMI. Analyses were adjusted for potential confounding variables. 
Results: BMI decreased by 0.40Kg/m2 for each additional hour of sleep duration [95%CI=-0.68,-0.12,p=0.005] 
and increased by 0.37 kg/m2 for each additional hour of bedtime [95%CI=0.12,0.61,p=0.003]. The association 
between bedtime and BMI remained even after adjustment for sleep duration. These effects were higher and 
stronger with higher BMI values (p75th). Wake-up time did not show statistically significant associations. 
Conclusions: Because we found that beyond sleep duration, bedtime was significantly associated with BMI, our 
data reflect the pertinence of assessing sleep timing patterns in disentangling sleep-obesity association. Insights 
into the characteristics, obesogenic and unhealthy behaviors related to short and late sleep may support specific 
strategies to prevent and treat excess body adiposity and other negative health outcomes.   

1. Introduction 

In parallel with the growing epidemics of obesity and overweight, 
average sleep duration and quality are decreasing in modern society [1]. 
In the United States, data from the National Health Interview Survey has 
shown that self-reported mean sleeping time decreased by 10–15min 
from 1985 to 2012, while the percentage of adults reporting less than 6 h 

of sleep per night increased by 31% [2]. In a global quantification of 
sleep schedules using smartphone data, Brazil appeared as the third 
country with the shortest sleep duration, and average bedtime was the 
main assigned predictor [3]. 

Emerging evidence from both cross-sectional and longitudinal 
epidemiological studies [4–8] is accumulating to suggest the association 
between sleep deprivation and higher values of body mass index (BMI). 
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The main proposed mechanisms underlying why short sleep may cause 
increased body weight include: increase caloric consumption given the 
greater number of waking hours and opportunities to eat [9,10]; an 
orexigenic pattern due to decreased leptin and/or increased ghrelin [11, 
12]; decreased physical activity and energy expenditure, perhaps due to 
increased daytime fatigue and sleepiness [13]; and, increased systemic 
inflammation [14]. 

In recent years, beyond the sleep duration, sleep timing, including 
bedtime and wake-up time, has been suggested as another important 
modifiable sleep behavior that plays a role in obesity [15–19]. Firstly, 
later bedtime may be a driver of shorter sleep duration, given that in
dividuals who go to bed later may not be able to compensate by sleeping 
later the next morning due to work, and social schedules. Secondly, 
altered sleep timing may lead to circadian disruption, which can have 
independent effects on biology and behavior, including, for example, 
alterations in leptin and glucose [20]. In addition, later bedtime, by 
increasing the opportunity for eating late at night - during the biological 
night, relative to melatonin onset - may also play a role as a risk factor 
for overweight and other metabolic outcomes as a result of circadian 
disorders [21–23]. A self-reported preference for later sleep has also 
been associated with poorer health behaviors in diverse domains, such 
as consumption of obesogenic food, increased smoking, alcohol use, and, 
prolonged exposure to artificial light at night [15,19]. 

Although more evidence needs to be warranted, it has also been 
observed a trend toward higher adiposity as wake-up timing is advanced 
[24]. However, [25]; by showing that sleep loss during the second half of 
the night has altered morning glucagon and cortisol levels, suggested 
that the timing of sleep restriction can potentiate its deleterious effects. 
In addition, early wakefulness may be related to impaired insulin 
sensitivity due to raised melatonin levels during the early-morning 
period [26]. 

As seen, studies about the relationship between sleep timing and 
adiposity are still limited and so, the sleep-obesity association has not 
been fully clarified. Few investigations have concurrently determined 
associations of sleep duration and bedtime with lifestyle or health be
haviors, nevertheless. Furthermore, most of the research was carried out 
in high-income countries, especially Europe and North America, and it is 
known that sleep habits are substantially influenced by socioeconomic, 
cultural, seasonal conditions, and local work schedules [3]. 

So, once there is no previous population-based survey about sleep 
habits in Brazil, this study was carried out to evaluate whether sleep 
duration, bedtime, and wake-up time were associated with BMI, using 
data from, as far as we know, the largest sleep-related survey with 
Brazilian adults. We also aimed to identify obesogenic and unhealthy 
behaviors (e.g. poor diet quality, insufficient physical activity, longer 
screen time, smoking) associated with short sleep duration and late 
bedtime. After controlling for several potential confounding factors, we 
hypothesized that (1) sleep duration and sleep timing (bedtime and 
wake-up time) would be, respectively, negatively, and positively asso
ciated with BMI and (2) the association of sleep timing with BMI would 
be independent of sleep duration. 

2. Methods 

2.1. Study design and population 

This study was carried out with data from the first stage of the 
SONAR-Brazil Survey, which aims to investigate chronobiological as
pects related to sleep, food, and nutrition in Brazilian adults. This is 
exploratory, population-based research, with data collection exclusively 
in a virtual environment. Participants were adults, non-pregnant, aged 
between 18 and 65 years, born and residing in all regions of Brazil 
(n=808). After excluding participants who declared night workload 
(between midnight and 6:00) (n=12) and shift work (n=41) we 
analyzed data for the remaining 755 non-pregnant Brazilian adults. 

Considering a large population, to estimate population proportions 

with a confidence level of 95% and a margin error of 5% we defined, a 
priori, a minimum sample size of 385 valid questionnaires. However, the 
sample size remained open, and the efforts were directed to increase as 
maximum as possible to minimize the error margin. The final sample of 
755 guarantees proportion estimates with a 95% confidence level and a 
margin of error lower than 4%. All data collection procedures have been 
conducted according to the Declaration of Helsinki and approved by the 
Committee of Research Ethics. 

Recruitment took place between August and December 2021 and 
data were collected using a Google Form. By clicking on the research 
link, the volunteer respondents were directed to informed consent and, 
only after indicating their consent to participate in the study, they were 
directed to the questionnaire, made up of four blocks: characterization, 
health, and lifestyle, sleep characteristics, eating and sleeping schedules. 
The generated responses were automatically stored in spreadsheets 
compatible with Microsoft Office Excel and later exported to the sta
tistical software STATA 13 statistical software (Stata Corporation) for 
statistical analyses. The link to the online questionnaire was dissemi
nated in several ways: referral of health professionals’ reports in news
papers/magazines, advertisements on social media platforms, research 
institutes, health fairs, events scientific journals, and electronic pages 
addressing the research participants, to increase research visibility and, 
consequently, data collection. 

2.2. Anthropometric parameters 

For anthropometric evaluation, the BMI [weight(Kg)/height(m)2] 
was calculated, based on self-reported weight and height. The classifi
cation of nutritional status was performed based on the cutoff points 
established by the World Health Organization (WHO) [27]. 

2.3. Sleep traits 

In the questionnaire block about ‘eating and sleeping schedules’, the 
participants were informed: ’In this section, we want to know your 
routine on weekdays (work days) and weekends (free days)’. The 
following questions were used to measure usual sleep and wake times: 
‘Considering your habits during the last month, on a typical weekday (or 
weekend)’ 1. What time do you wake up? 2. What time do you sleep? 
Responses were in 30-min increments. 

From the responses, “wake time”, and “bedtime” was obtained 
(represented as clock time, hh:mm), and for each variable, the weekly 
average was calculated as follows: [(5 × weekdays value) + (2 ×
weekend value)]/7. 

Sleep duration (h) was calculated as the difference between bedtime 
and wake time. The average sleep duration across the entire week was 
calculated as follows: [(5 × sleep duration on weekdays) + (2 × sleep 
duration on weekends)]/7. 

The chronotype was estimated based on the sleep-corrected 
midpoint of sleep, which is proposed to clean the chronotype of the 
confounder sleep debt [28]. For participants whose sleep duration on 
free days was longer than work days, the midpoint was calculated as 
follows: [bedtime on free days + (sleep duration on free days/2)]. For 
participants whose sleep duration on free days was shorter than work 
days, due to the sleep debt accumulated over the workweek, the cor
rected midpoint of sleep was applied, and calculated as follows: 
[bedtime on free days + (weekly average sleep duration/2)]. For more 
details on the methodology see ROENNEBERG, WIRZ-JUSTICE, MER
ROW, 2003; [28]. 

For purposes of characterizing the population, we considered short 
sleepers:<7h/night, based on the cut-off point established by the Na
tional Sleep Foundation (recommended sleep duration between 7 and 9 
h/night) [29], and participants were dichotomized into early and late 
sleepers by the median of participants’ bedtime (before and after 23:08), 
as performed in other studies, given that there is no consensus about the 
most appropriate clock time to sleep. 
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2.4. Diet quality and lifestyle traits 

Food consumption was investigated using a food frequency ques
tionnaire comprising 19 food/preparation categories, for which partic
ipants selected the frequency of weekly consumption: ’never’, 
’sometimes (1–3 days/week)’, ’almost always (4–6 days/week)’ or ’al
ways (6–7 days/week)’. Diet quality was evaluated based on the Food 
Guide for the Brazilian Population [30] and adopted the methodology 
proposed by Ref. [31]. 

Food markers for healthy eating (fresh fruits; vegetables and/or le
gumes; beans, chickpeas, lentils and/or peas; milk and/or dairy prod
ucts; eggs; meats; fish) received increasing scores (never = 0; sometimes 
= 1; almost always = 2; always = 3), while unhealthy eating markers 
(snacks; chocolate; fried snacks; instant noodles, packaged snacks or 
crackers; fast food; hamburger and/or sausages; coffee; soda cola-based; 
sweetened beverages; mate or black tea; guarana powder; alcoholic 
beverages), decreasing (never = 3; sometimes = 2; almost always = 1; 
always = 0). From the sum of the scores of each food category, the total 
score of the Diet Quality Index (DQI) was obtained, which could range 
from 0 to 57 points, with a higher score suggestive of a higher frequency 
of consumption of healthier foods and lower frequency of consumption 
of unhealthy foods. Sequentially, from the available scores, it was 
created tertiles for diet quality classification: 1st tertile – low quality 
(21–34 points); 2nd tertile – intermediate quality (35–38 points), and 
3rd tertile – good quality (39–47 points). 

Physical activity was measured through the following questions: “On 
which days of the week do you practice physical exercise or sport 
(moderate-to vigorous-intensity activity)?“, “How long is that in each 
day of practice?“, answered in minutes. The weekly duration of physical 
activity was calculated sequentially [number of days/week x duration/ 
day]. As defined by WHO [32] it was considered as insufficient physical 
activity <150 m/week of moderate-to vigorous-intensity activity. 

Finally, screen time per day and before bed were evaluated by the 
questions: “In your free time (not counting work/study), how many 
hours/day do you spend watching TV, on your computer, tablet, or cell 
phone?” and “Right before bedtime, how long do you spend using 
screens (eg. TV, computer, tablet, or cell phone)?“. 

Some other details of the survey questionnaire concerning other 
covariates including education, marital status, smoking, and drinking 
were included in our study. 

2.5. Statistical analyses 

To assess differences between both, short and non-short sleepers, as 
well as between early and late bedtime groups, in their characteristics 
and lifestyle traits, student’s t-test (for continuous variables) and chi- 
square test (for categorical variables) were performed. 

Moreover, linear regression analyses evaluated differences in BMI (as 
the outcome variable) associated with sleep duration, bedtime, and 
wake-up time. In addition, quantile regression was estimated for the 
25th, 50th, and 75th quantiles to identify the distributional correlations. 
These analyses were performed in the following stages: Model 1: was 
unadjusted for each sleep variable, Model 2: included each sleep vari
able singularly, and the following adjustment variables: gender, age, 
marital status, education, diet quality, weekly physical activity duration, 
alcohol, and smoking. Finally, to identify whether the association of 
sleep timing would be independent of sleep duration, for bedtime and 
wake-up time, a third Model included all Model 2 variables and sleep 
duration and for sleep duration, the third Model included all Model 2 
variables and bedtime. Regression coefficient (β) and 95% CIs were 
calculated for the unadjusted and adjusted models. 

Restricted cubic splines were also used to study the shape of the 
association between sleep markers (duration, bedtime, and wake-up 
time) and BMI. A P-value of ≤0.05 was considered statistically 
significant. 

3. Results 

A total of 755 adults [age: 33 y (range 18–65); ~73% women, BMI: 
~25kg/m2, ~45% with overweight, ~23% short sleepers, and ~50% 
late sleepers] were enrolled (Table 1). Characteristics of the participants 
depending on the sleep duration (less or more than 7 h) and bedtime 
(before and after 23:08) are also shown in Table 1. 

Higher BMI averages were observed among short sleepers, compared 
to non-short sleepers (a difference of ~1.2 kg/m2). On average, partic
ipants spend more than 1 h using screens right before bedtime and this 
time was longer among short and late sleepers, compared with longer 
and earlier sleepers (differences of 28.8 m and 20.8 m, respectively) (all 
p≤0.05) (Table 1). 

As expected, short sleepers had a later bedtime and earlier wake-up 
time (difference of 1 h), more nocturnal awakenings, and a higher per
centage of self-reported poor sleep quality (~49% versus ~28%) than 
the non-short sleep group. Late sleepers, compared to those who slept 
earlier, had later wake-up time (difference of 72 m), shorter sleep 
duration (difference of 48 m), higher percentages of self-reported poor 
sleep quality (~39% versus ~28%), and lower diet quality score (all 
p≤0.05) (Table 1). 

Results from linear regression analyses with each sleep variable can 
be found in Table 2. Regarding sleep duration, the simple regression 
model has shown a statistically significant lower BMI [β=-0.55, 95% 
CI=-0.85, − 0.25, p<0.001], and the result did not change when the 
analysis was adjusted for gender, age, marital status, education, diet 
quality, weekly physical activity duration, alcohol, and smoking. 
Indeed, BMI decreased by 0.40 kg/m2 for each additional hour of sleep 
[95% CI=-0.68, − 0.12, p=0.005]. However, when adjusted for bedtime, 
sleep duration was not associated with BMI. 

Bedtime was positively associated with BMI, in the adjusted models, 
such that participants had 0.27 kg/m2 higher BMI values [95% CI=0.00, 
0.53, p=0.05] per additional hour of bedtime, independent of sleep 
duration and other confounders variables. 

These associations can also be seen in the multiple quantile regres
sion for the 25th, 50th, and 75th quantiles (Table 3), which provides 
interesting insights. The effect of sleep duration and bedtime increases 
as the BMI percentile increases, showing that the effects are higher and 
stronger with higher BMI values. No association was found between 
wake-up time and BMI either in unadjusted or adjusted Models (Tables 2 
and 3). 

Restricted cubic splines modeling (Fig. 1) showed that the lowest 
value of BMI was seen in the sleep duration of ~8h/night (a) and the 
positive association of bedtime with BMI was linear (b). Higher values of 
BMI can be seen upon a wake-up time from ~7:00 (c). 

4. Discussion 

As far as we are aware, this is the first Brazilian survey on chrono
biological aspects related to sleep, and also the first study to investigate 
the association of sleep duration and timing with adiposity. Our main 
findings were that both sleep duration and bedtime were separately 
associated with BMI, which decreased by 0.40 kg/m2 for each additional 
hour of sleep duration and increased by 0.37 kg/m2 for each additional 
hour of bedtime. These effects were higher and stronger with higher BMI 
values (p75th). Another interesting data was that even when sleep 
duration and bedtime were adjusted for each other the significance of 
one of them remained. All these associations were adjusted for gender, 
age, marital status, education, diet quality, weekly physical activity 
duration, alcohol use, and smoking. Furthermore, we observed that both 
short sleep duration and late bedtime were associated with several 
obesogenic and unhealthy behaviors (eg. lower diet quality, longer 
screen time before bed, smoking) that may in long-term influence 
weight gain, obesity [15,19,33–35]. 

Our observation that sleep duration was negatively associated with 
BMI is consistent with meta-analyses [5,36], and the magnitudes of the 
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associations that we found are within the ranges of those documented 
previously [5,6,36]. Also, epidemiologic studies have often associated 
short sleep with higher energy intake and have sometimes found that 
short sleep coincides with reduced dietary quality [15,19,35]. Another 
very interesting finding of our study was that the lowest BMI value was 
seen in the sleep duration of 8 h/night, which refers precisely to the 
median of the recommended sleep duration (7–9 h) [29] and is also in 
agreement to the results of a recent meta-analysis, in which a reverse 
J-shaped relation between sleep duration and obesity was found, with 
the lowest risk at 7–8 h sleep per day [5]. 

Regarding sleep timing, there are several pathways in which late 
sleep/wake may affect weight regulation. Later sleepers may curtail 
their sleep, in order to meet occupational or social demands and also 
may have greater barriers to engaging in healthful diet and exercise 
behaviors due to competing demands after work and school obligations 
[19,37]. An interesting study that performed the global quantification of 
sleep schedules, using smartphone data, identified that country 

differences in sleep duration were primarily explained by a difference in 
bedtime [3], pointing to the hypothesis that biological cues around 
bedtime are either weakened or ignored for societal reasons, thereby 
leading individuals to delay their bedtime and truncate their sleep 
duration as a result. Researchers have demonstrated that even sleep 
timing difference between morning and evening chronotypes is not 
simply a result of the endogenous circadian rhythm phase differences, 
but also involves lifestyle and psychological factors in the choice of 
bedtime and arising time [38,39]. Thus, perhaps due to a mismatch 
between their preferred schedule and the typical work schedule, in
dividuals with later bedtime may be at greater risk for circadian 
misalignment, defined as the alteration of sleep-wake timing relative to 
the endogenous circadian rhythm [[40]; Suwazono et al., 2008 [18]]. 

Specifically in our study, although bedtime was associated with 
higher BMI values, independent of sleep duration, late sleepers, in 
addition to reporting 42 m less sleep compared to early sleepers, re
ported longer screen time right before bed, which may disturb the sleep- 

Table 1 
Characteristics and lifestyle traits of participants according to sleep duration and bedtime.  

Variables All Sleep Duration P value* Bedtimeb P value* 

Non-Short Sleepers 
(n=581) 

Short Sleepers 
(n=174) 

Early Sleepers 
(n=380) 

Late Sleepers 
(n=375) 

Total,% 100 76.9 23.1  50.3 49.7  
Gender,%female 73.5 75.0 68.4 0.08 78.2 68.8 0.004 
Age,y 33.4±11.1 33.1±11.0 34.4±11.3 0.18 35.3±11.2 31.5±10.7 <0.001 
Education level 

Less than High School,% 1.5 0.9 3.5 0.04 1.3 1.6 0.01 
High school,% 27.9 27.7 28.7  23.2 32.8  
College graduate or above,% 70.6 71.4 67.8  75.5 65.6  

Brazil macro-region 
North,% 3.3 2.9 4.6 0.13 2.4 4,3 0.18 
North East,% 68.3 66.6 74.1  70.5 66,1  
Southeast,% 20.3 22.2 13.8  19.7 20,8  
South,% 3.6 3.6 3.5  2.4 4,8  
Midwest,% 4.5 4.7 4.0  5.0 4,0  

Marital Status 
Married/Living with Partner, 
% 

38.5 39.9 33.9 0.15 47.1 29,9 <0.001 

BMI, kg/m2 25.1±5.0 24.8±5.0 26.0±5.1 0.006 24.8±4.8 25.4±5.2 0.13 
Overweight (BMI≥25 kg/m2), 

% 
44.8 42.7 51.7 0.03 44.5 45,1 0.87 

Diet quality 35.7±4.3 35.8±4.2 35.4±4.5 0.23 36.1±4.3 35,3±4,2 0.01 
Low (1st tertile),% 38.7 38.4 39.7 0.95 36.6 40,8 0,03 
Intermediate (2d tertile),% 34.7 34.9 33.9  32.6 36,8  
Good (3rd tertile),% 26.6 26.7 26.4  30.8 22,4  

Sleep traits 
Sleep duration,h/night 7.7±1.2 8.2±0.9 6.2±0.7 <0.001 8.2±1.0 7.4±1.2 <0.001 
Wake-up time,hh:mm 07:06±1:24 07:18±1:24 06:18±1:30 <0.001 06:30±1:06 07:42±1:30 <0.001 
Bedtime,hh:mm 23:18±1:24 23:06±1:18 00:06±1:36 <0.001 22:18±0:42 00:18±1:12 <0.001 
Nocturnal awakenings,n/ 
night 

1.4±1.3 1.3±1.2 1.6±1.5 0.002 1.5±1.2 1.3±1.3 0.16 

Poor Sleep Quality,% 33.1 28.2 49.4 <0.001 27.6 38.7 0.001 
Chronotype,%        
Morning 62.9 63.0 62.6 0.49 89.2 36,3 <0.001 
Indifferent 21.2 21.9 19.0  9.2 33.3  
Evening 15.9 15.1 18.4  1.6 30,4  

Lifestyle traits 
Physical Activity,% yes 65.2 66.4 60.9 0.18 67.1 63,2 0.26 
Physical activity,m/week 155.4 

±176.0 
151.0±165.3 169.9±207.3 0.21 163.1±190.6 147,6±159,6 0.22 

< 150 m/week,% 56.4 58.0 51.1 0.11 57.9 54.8 0.38 
Screen Time,m/day 219.9 

±167.2 
217.7±164.0 227.2±177.8 0.51 192.5±144.6 247,8±183.4 <0.001 

Screen Time before bed,m 68.6±87.3 62.0±72.7 90.8±121.8 <0.001 58.3±73.4 79,1±98,4 0.001 
Smokers,% 3.6 3.1 5.2 0.19 2.1 5.1 0.03 
Alcohol use,% 49.8 50.3 48.3 0.64 46.8 52,8 0.10 

Abbreviations: BMI body mass index. 
Values are shown as means ± SDs or percentages. 
a Sleep duration groups were defined as follows: non-short-sleepers≥7 h/night, short-sleepers<7 h/night [ [29]]. 
*P values are derived from the student’s t-test (for continuous variables) and the chi-square test (for categorical variables). Significant P-values ≤0.05 are shown in 
bold. 

b Bedtime groups were defined, depending on the median population as follows: early-sleepers≤23:08, late-sleepers>23:08. 
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wake cycle, sleep quality and increase the risk of obesity, due to a 
suppression of melatonin production and disruption of daily rhythms 
[33,34]. The foregoing suggests that circadian misalignment could be 
behind the association found between sleep timing and BMI. 

Although the observed trend towards higher BMI, as waking-up time 
increased did not show a statistical association in our study [24], a 
U-shape association between wake-up time and BMI has been suggested. 
It seems that waking up too early (eg. ~4:00), along with poor sleep 
quality, lack of sufficient sleep, and inconsistent sleep schedules, coin
cide with stress early in the day, and might increase, by flattening 
cortisol rhythms, the risk of developing obesity, as well as depression, 
anxiety, and other stress-related mood disorders [41,42]. 

There is currently no consensus recommendation about the ideal 
clock time neither to sleep nor to wake up, however, it can be safely 
stated that sleep timing, whenever possible, in addition to occurring 
during the night, should be planned retrospectively according to the 
required waking-up time, in order to guarantee 7–9 h of sleep and should 
not imply the concomitant consumption of food during the biological 
night, as a way to prevent excessive weight gain and other resulting 
morbidities from circadian misalignment [21–23]. 

Additionally, bedtime and waking-up times should be consistent and 
concomitant with the incorporation of other sleep hygiene practices 
(defined as a set of behavioral and environmental recommendations 
intended to promote healthy sleep), such as the establishment of a pre- 
bed routine (eg. relaxing activities ~30 before bed, dimming artificial 

lights, disconnecting from electronics) and pro-sleep habits throughout 
the day (eg. exposure to natural daylight, physical activity, non- 
smoking, reducing alcohol consumption, cutting down on the caffeine 
in the afternoon and evening, not eating late dinner) [43]. 

4.1. Strengths and weaknesses 

Our study has a few limitations, starting with the use of self-reported 
questionnaires which are prone to underreporting (i.e. dietary intake) or 
misreporting (i.e. bedtime, wake-up time). However, BMI computed 
from self-reported weight and height is considered a valid measure 
across different socio-demographic groups [44]. Also, precise questions 
were used to investigate sleep domains, the questionnaire specified that 
responses should be based on recent behaviors (last month) and, to 
guarantee data as close as possible to the real usual behavior, the 
questionnaire differentiated weekdays (work/study days) and weekends 
(free days) [45]. In addition, despite our covariate adjustment for 
sociodemographic, diet-related, and lifestyle traits, we recognize that a 
general weakness of cross-sectional studies is that the direction of the 
relationship, and possible pathways of causation, can only be hypothe
sized. Finally, we recognize as a limitation the absence of energy and 
nutrient consumption data to assess differences in daily/evening intake 
between sleeper groups. 

Table 2 
Associations of sleep duration, bedtime, and wake-up time with BMI.  

Sleep Variables Unadjusted Adjusted Model 1 Adjusted Model 2 

β (95% CI) P value β (95% CI) P value β (95% CI) P value 

Sleep Duration − 0.55 (− 0.85,-0.25) <0.001 − 0.40 (− 0.68,-0.12) 0.005 − 0.27 (− 0.58; 0.04) 0.08a 

Bedtime 0.18 (− 0.07,0.44) 0.15 0.37 (0.12,0.61) 0.003 0.27 (− 0.00,0.53) 0.05a 

Wake-up time − 0.20 (− 0.45,0.05) 0.11 0.06 (− 0.18,0.30) 0.61 0.25 (0.01,0.50) 0.06b 

Abbreviations: BMI body mass index; CI, Confidence Interval. 
β values reflect the difference in BMI (Kg/m2) for each increased hour of each sleep variable. 
Unadjusted Model: univariate association of sleep duration, bedtime and wake-up time, and BMI. 
Adjusted Model 1: sleep duration, bedtime, and wake-up time were separately entered into multiple models after adjusting for the participants’ gender, age, marital 
status, education, diet quality, weekly physical activity duration, alcohol, and smoking. 
Significant P− values ≤ 0.05 are shown in bold. 

a Adjusted Model 2: sleep duration and bedtime were simultaneously entered into multiple models after adjusting for the participants’ gender, age, marital status, 
education, diet quality, weekly physical activity duration, alcohol, and smoking. 

b Adjusted Model 2: wake-up time and sleep duration were simultaneously entered into multiple models after adjusting for the participants’ gender, age, marital 
status, education, diet quality, weekly physical activity duration, alcohol, and smoking. 

Table 3 
Quantile regression associations of sleep duration, bedtime, and wake-up time with BMI.  

Sleep Variables 25th 50th 75th 

β (95% CI) P value β (95% CI) P value β (95% CI) P value 

Sleep Duration 
Adjusted Model 1 − 0.14 (− 0.40,0.11) 0.26 − 0.21 (− 0.51,0.09) 0.16 − 0.63 (− 1.06,1.19) 0.005 
Adjusted Model 2 − 0.13 (− 0.44,0.17) 0.38 − 0.17 (− 0.52,0.17) 0.32 − 0.52 (− 1.00,-0.04) 0.03a 

Bedtime 
Adjusted Model 1 0.05 (− 0.18,0.28) 0.68 0.23 (− 0.03,0.49) 0.08 0.50 (0.08,0.91) 0.02 
Adjusted Model 2 0.03 (− 0.23,0.30) 0.80 0.17 (− 0.13,0.17) 0.32 0.32 (− 0.10,0.74) 0.13a 

Wake-up time 
Adjusted Model 1 − 0.05 (− 0.27,0.17) 0.68 0.00 (− 0.25,0.25) 0.99 − 0.11 (− 0.52,0.30) 0.59 
Adjusted Model 2 0.03 (− 0.23,0.30) 0.80 0.17 (− 0.13,0.47) 0.27 0.32 (− 0.10,0.74) 0.13b 

Abbreviations: BMI body mass index; CI, Confidence Interval. 
β values reflect the difference in BMI (Kg/m2) for each increased hour of each sleep variable. 
Adjusted Model 1: sleep duration, bedtime, and wake-up time were separately entered into multiple models after adjusting for the participants’ gender, age, marital 
status, education, diet quality, weekly physical activity duration, alcohol, and smoking. 
Significant P-values ≤0.05 are shown in bold. 

a Adjusted Model 2: sleep duration and bedtime were simultaneously entered into multiple models after adjusting for the participants’ gender, age, marital status, 
education, diet quality, weekly physical activity duration, alcohol, and smoking. 

b Adjusted Model 2: wake-up time and sleep duration were simultaneously entered into multiple models after adjusting for the participants’ gender, age, marital 
status, education, diet quality, weekly physical activity duration, alcohol, and smoking. 
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5. Conclusions 

In conclusion, overall, our findings show that, among Brazilian 
adults, after adjusting for potential confounders, beyond the negative 
association between sleep duration and BMI, increasing bedtime, inde
pendently of sleep duration, BMI increased as well. 

In addition to providing the first overview of Brazilian sleep patterns, 
as well the first investigation of the association between sleep duration 
and timing with adiposity, insights into the characteristics, obesogenic 
and unhealthy behaviors related to short sleep and late bedtime may 
support specific strategies to prevent and treat excess body adiposity and 
other unfavorable health outcomes. 

Finally, our results suggest that beyond sleep duration, sleep timing 
might be considered to disentangle the sleep-obesity association and 
point to the need of incorporating sleep measures as part of the medical 
and nutrition counseling, communication, and research, like many other 
lifestyle factors that contribute to nutritional health, when examining 
weight management and health promotion. 
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