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a b s t r a c t

Objective: To describe the sleep time window (STW), total sleep time (TST), and sleep percent [SP ¼ (TST/
STW) � 100] by accelerometry in a population-based young adult cohort in Brazil.
Methods: Cross-sectional analysis with a 22-year sample (N ¼ 2462). Sleep variables were measured
using an accelerometer. The devices were worn on the non-dominant wrist for approximately seven
days. A raw data analysis using the GGIR package was performed. The following sleep variables were
extracted: TST, STW, and SP. Linear regression was used to adjust averages. All analyses were stratified
according to sex. A comparison between weekday and weekend averages was also conducted.
Results: The means of TST, STW, and SP for men were 5.9 h, 7.1 h, and 83.1%, respectively. For women, the
means of TST, STW, and SP were 6.4 h, 7.6 h, and 84.6%, respectively. Women presented a higher means of
all outcomes compared to men (p < 0.001). After adjusting for both sexes, white skin color and not
working or studying were associated with higher TST. Individuals not working or studying presented
higher means of STW and lower sleep SP. Women with children who were less than two years of age
presented lower values of three evaluated outcomes. Regarding behavior and health condition variables,
obesity was associated with lower STW only for men. Physical activity was associated with higher SP and
risk drinking with lower TST and STW only for women.
Conclusion: Differences between sexes were observed in TST, STW, and SP. In all outcomes women
presented a higher means. Socioeconomic variables were associated with both sexes, but having children
and behavior/health conditions differed between sexes.

© 2019 Elsevier B.V. All rights reserved.
1. Introduction

Sleep duration and quality have great relevance to the general
health of individuals [1]. Inadequate sleep duration and poor sleep
quality are associated with several adverse health-related out-
comes, such as a higher risk of all-cause mortality [2], obesity [3,4]
chronic diseases [3], and poor mental health [5].

The gold standard for sleep medicine research is poly-
somnography (PSG), a method that assesses many parameters
leep Time; STW, Sleep Time
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during sleep but requires specialized professionals and equip-
ment [6]. There are also subjective measures, such as clinical
interviews, questionnaires, and sleep logs [7]. An accelerometer
is an instrument with reasonable accuracy to classify sleep mi-
nutes [8]. This method has been used to evaluate sleep param-
eters when PSG is not feasible, as in the case of large population-
based studies [8]. Also, a night of PSG, which requires a
specialized laboratory and several types of monitors and sensors,
is very different from a typical night of accelerometry, which uses
only a device worn on the wrist [7]. The use of accelerometers
has some limitations compared to PSG, but it is a good option
compared to questionnaires and sleep logs when the studies aim
to evaluate variables such as total sleep time (TST), sleep time
window (STW), and sleep percent (SP), which do not require
subjective perception [8]. Furthermore, this measure is not
influenced by interviewers or the understanding capacity of the
participants [7].
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The literature remains scarce regarding the description of sleep
measures with accelerometry in large population-based studies,
mostly due to the high cost of accelerometry compared to that of
questionnaires [7]. Furthermore, most studies with accelerometry
are conducted in high-income countries, where different patterns
are expected compared with low- and middle-income settings. In
general, subjective measures such as poor sleep quality or self-
reported sleep disorders are highly prevalent in low- and middle-
income countries [9], and information about objective sleep mea-
sures are scarce in this context. A description of sleep variables may
help to find strategies and interventions planned to ensure sound
sleep health for all. Thus, this study aims to describe STW, TST, and
SP in a population-based birth cohort in Pelotas/Brazil with par-
ticipants who were 22 years of age.

2. Methods

The present study was based on data from the most recent
follow-up of the 1993 Birth Cohort, a population-based study in
Pelotas, Brazil [10]. All maternity hospitals of the city were visited,
and all live births in the 1993 calendar year, bymothers living in the
urban area, were included in the cohort. From the perinatal study
through the 15-year-old follow-up, information was collected by
interviewers at the participants' home. During the 18-year and 22-
year follow-up, individuals were invited to visit the research clinic,
where they answered questionnaires, took psychological tests, and
were submitted to some examinations and accelerometry for the
assessment of sleep and physical activity in the subsequent week.
The original cohort comprised 5249 children, and this study used
data from accelerometry at the 22-year-old visit (follow-up rate of
76.3%, including those who are deceased) [10]. Additional infor-
mation on the methodological aspects of the cohort is available
elsewhere [10,11].

The Medical School Ethics Committee of the Federal University
of Pelotas approved this study. Ethical approval was obtained, and
full informed consent was provided by the cohort members or by
their parents if the individuals were younger than 18 years.

2.1. Sleep parameters using accelerometry

Participants were asked to wear triaxial accelerometers (GT3x;
Actigraph®) on their non-dominant wrist during a 24-h protocol
lasting seven days. A member of the research clinic staff collected
the device at the end of the period. The devices started collecting
data at 00:00 h for a maximum of six cycles of 24 h for each
participant. The data were collected in 5-s epochs with a 60 Hz-
sampling frequency. The data were downloaded in Actilife 6.1 and
processed in the R program with the GGIR package (version
1.5e21).

For sleep parameter detection, the algorithm proposed by Van
Hess et al. [12], was used to look for time windows (eg, 5 min) and
to search for changes in the wrist angle (z-axis) to classify sleep
periods [12]. Five-minute windows and changes in the angle of
three degrees were used in this study. The work published by Van
Hess et al., found an accuracy of 83 ± 8 to TST versus PSG [12]. The
detection of STW was performed with the HDCZA algorithm, the
default of the GGIR package. Briefly, a sleep period is considered as
the longest period of continuous sleep in 24 h. A wake period
greater than 60 min during the sleep period is treated as two
separate sleep periods.

The accelerometry measures included in this study were the
following:

a. Sleep time window (STW): the difference between sleep onset
and sleep end automatically detected by algorithm [12].
b. Total sleep time (TST): the total of time classified as sleep inside
STW [12].

c. Sleep percent (SP): percentage of time classified as sleep
compared to total STW [(TST/STW) � 100] [13].

SP was used as an alternative to sleep efficiency since the last
considers sleep latency, and we were not able to obtain this infor-
mation due to automatized detection. Weekly averages were
calculated for all measures. To minimize measurement error, we
excluded nights with TST or STW of less than 2 h and more than
15 h, avoiding potential bias in weekly averages. In a total of 13,516
nights, 488 were excluded due to these problems. Also, participants
with less than four nights of data (N ¼ 194) and who worked at
night (N ¼ 168) were excluded.

2.2. Independent variables

The independent variables were self-reported skin color (white/
black/brown/other), work status (none, only study, only work,
both), children less than two years old (no/yes), wealth index, body
mass index (BMI), total screen time, physical activity, current
smoking, perceived health (dissatisfied, regular, satisfied) common
mental disorders, and risky drinking. Brazil is a mixed-race coun-
try; thus, we used categories of white, black, and brown skin color
because these best represent the people in our country (individuals
in the brown category self-reported their skin color as “pardo” in
Portuguese). The wealth index was based on principal component
analysis using several assets and then divided into quintiles. BMI
was obtained from the ratio weight/height (kg/m2). Weight was
collected using a scale coupled to air displacement plethysmog-
raphy equipment (BOD POD® Composition System; COSMED,
Albano Laziale, Italy) with ten gram precision. Height was obtained
using a 0.1-cm precision stadiometer. The final measure of BMI was
categorized as normal (<25 kg/m2), overweight (25e29.9 kg/m2),
and obese (�30 kg/m2). Total screen time is the sum of time spent
watching TV, using the computer, and playing videogames, later
divided into terciles. Physical activity was obtained from a list of
leisure-time activities [14]. A sum of minutes in each activity was
calculated, and the total score was divided into terciles. Common
mental health disorders were measured by self-reporting ques-
tionnaire (SRQ-20) [15] and defined with a cut-off of 8 or higher for
women and six or higher for men, indicating symptoms of common
mental disorders. Harmful alcohol intake was measured by Alcohol
Use Disorder Identification (AUDIT) [16] and defined with a cut-off
of 8 or higher as risk drinking. All analyses were performed using
Stata 12.1 (StataCorp LP, College Station, United States).

2.3. Analysis

A descriptive analysis was performed comparing the total
sample at 22 years and the analytical sample (with data for sleep by
accelerometry). The frequency and 95% confidence intervals (95%
CI) were presented. The means for TST, STW, and SP in weekdays
and weekends were also compared. All analyses were stratified by
sex, because of biological differences in sleep and interaction of sex
with some variables.

To describe the outcomes according to independent variables,
we used linear regression to present crude and adjustedmeans and
95% CIs using a hierarchical model with three levels. The socio-
economic variables were inserted in the first level. In the second
level, we included behavioral variables; in the third level, we
included health conditions. Only variables presenting an associa-
tion with a p-value of 0.20 were maintained in the model. Finally,
we considered variables with p < 0.05 statistically significant.
When appropriate, the linear p trend is presented.



A. Wendt et al. / Sleep Medicine 67 (2020) 83e90 85
3. Results

The 22-year follow-up of the 1993 Birth Cohort comprised 3810
participants, from which data of sleep parameters using accel-
erometry were available for 2462 individuals. The analytical sample
presented similar distributions in terms of independent variables
compared to the followed cohort members (Table 1). Regarding sex
differences, the means of TST and STW were higher in women on
weekdays and weekends (p < 0.001).

Fig. 1 shows the distribution of TST and STW on weekdays and
weekends for men. The means of TST in weekdays and weekends
were 5.9 h (1.0) and 5.9 h (1.3), respectively. For STW, the means in
weekdays and weekends were 7.2 h (1.2) and 7.2 h (1.6),
Table 1
Distribution of the total sample and sleep accelerometry sample at 22 years of age in
1993 Birth Cohort, Pelotas/Brazil.

1993 Birth
Cohort 22 years'
follow-up

Analytical
sample
(Accelerometry)

N (%) N (%) P-value

Sex 0.587*
Men 1783 (46.8) 1170 (47.5)
Women 2027 (53.2) 1292 (52.5)

Skin color 0.312
White 2262 (63.3) 1455 (61.7)
Black 538 (15.1) 395 (16.7)
Brown (pardo) 637 (17.8) 413 (17.5)
Others 137 (3.8) 97 (4.1)

Occupation 0.170
None 756 (21.2) 505 (22.1)
Only study 409 (11.5) 295 (12.9)
Only work 1624 (45.5) 1026 (44.9)
Both 778 (21.8) 459 (20.1)

Wealth index (quintiles) 0.963
1� (poorest) 761 (20.0) 490 (19.9)
2� 761 (20.0) 481 (19.6)
3� 761 (20.0) 507 (20.6)
4� 761 (20.0) 483 (19.6)
5� (richest) 761 (20.0) 499 (20.3)

Children < 2 years old 0.872*
No 3214 (85.5) 2091 (85.6)
Yes 546 (14.5) 351 (14.4)

BMI 0.981
Normal 2023 (56.8) 1390 (56.9)
Overweight 959 (27.0) 653 (26.7)
Obese 577 (16.2) 399 (16.3)

Screen time (terciles) 0.537
1� (lowest) 1518 (39.9) 955 (38.8)
2� 1184 (31.1) 762 (31.0)
3� (highest) 1103 (30.0) 744 (30.2)

Physical activity (terciles) 0.677
1� (lowest) 1296 (34.3) 813 (33.3)
2� 1226 (32.5) 810 (33.1)
3� (highest) 1252 (33.2) 821 (33.6)

Perceived health status 0.642
Dissatisfied 287 (7.6) 170 (6.9)
Regular 938 (24.7) 614 (25.0)
Satisfied 2577 (67.8) 1672 (68.1)

Current smoking 0.890*
No 3167 (83.2) 2052 (83.4)
Yes 638 (16.8) 409 (16.6)

Common mental disorders 0.730*
No 2951 (78.0) 1918 (78.4)
Yes 833 (22.0) 529 (21.6)

Alcohol use disorders 0.729*
No 2981 (78.4) 1937 (78.7)
Yes 823 (81.6) 523 (21.3)

Total 3810 (100%) 2462 (100%)

BMI: body mass index; *Fisher exact test; Total sample is related to all individuals
evaluated at 22 years' follow-up, and the analytical sample is related to individuals
with valid data on accelerometry.
respectively. No difference was found between weekdays and
weekends for both TST (p ¼ 0.808) and STW (p ¼ 0.924).

The distribution of TST and STWonweekdays and weekends for
women is shown in Fig. 2. The mean of TST on weekdays was 6.4
(1.1), and the mean of TSTonweekends 6.4 (1.4), whereas the mean
STWs on both weekends and weekdays were 7.6 h. Also, for
women, no difference betweenweekdays and weekends was found
for TST (p ¼ 0.869) and STW (p ¼ 0.906).

Although we found no differences in main sleep measures ac-
cording to weekdays and weekends, the sleep onset and sleep end
were delayed in weekends for both sexes (p < 0,001), but did not
affect the total amount of sleep (Supplementary material).

Table 2 shows crude and adjusted means of TST, STW, and SP for
men according to independent variables. The adjusted means of
TST, STW, and SP were 5.9 h, 7.2 h, and 83.3%, respectively. After
adjustments, white men presented a higher mean of TST
(p ¼ 0.038) and SP (p ¼ 0.036) compared with those with brown
and black skin color. Regarding work status, men not working or
studying presented higher means of STW (p < 0.001) but lower
means of SP (p < 0.001). Individuals identified as overweight and
obesity presented lower means of STW (p ¼ 0.015). Wealth index,
physical activity, screen time, harmful alcohol intake, smoking,
perceived health status, and common mental disorders were not
associated with any sleep parameter for men.

Sleep outcomes for women according to independent variables,
are presented in Table 3. The adjusted means of TST, STW, and SP
were 6.4 h, 7.6 h, and 84.5%, respectively. Whitewomen presented a
higher mean of TST (p ¼ 0.004). Women not working or studying
presented higher STW (p ¼ 0.002) and lower sleep SP (p ¼ 0.001).
In the same direction, those in the poorest quintile of wealth index
presented lower SP (p < 0.001). Women with children who were
less than two years of age presented lower TST (6.1 h vs. 6.5 h;
p < 0.001), STW (7.4 h vs. 7.7 h; p < 0.001), and SP (84.9 h vs. 82.8 h;
p < 0.001). Regarding behavioral variables, those with more mi-
nutes of self-reported physical activity presented SP of 85.1%,
whereas those with fewer minutes had an SP of 84.2% (p ¼ 0.001).
Those with harmful alcohol intake presented lower means of TST
(6.5 h vs. 6.1 h; p < 0.001) and STW (7.7 h vs. 7.3 h; p < 0.001). For
women, screen time, BMI, perceived health status, and common
mental disorders were not associated with any sleep parameter.

4. Discussion

The parameters of sleep health measured by accelerometry
were described according to demographic, socioeconomic, and
behavioral aspects in a birth cohort at age 22 years. In general,
women presented higher means of TST, STW, and SP compared to
men, and the results presented very few changes after adjusting for
potential confounders. Individuals who were not working or
studying presented lower SP. Self-reported leisure-time physical
activity was associated with higher SP, and risk drinking was
associated with lower TST and STW only for women. Overweight
and obesity were associated with lower SP only for men. No dif-
ferences in weekdays and weekends were found for the sleep
parameters.

This study evaluated the three most common measures of sleep
accelerometry: TST, STW (Also referred to as time in bed in other
studies), and SP. Although these measures are usually presented in
the literature, one should reflect on their meanings. TST is
frequently treated as sleep duration. On the other hand, STW may
be a more appropriate measure. Briefly, TST is a sum of minutes or
hours in which the accelerometer did not identify relevant changes
in movement (by acceleration magnitude or changes in the angle of
the wrist) [12], and it is very dependent on the classification al-
gorithm for each minute. In accelerometry, STWmay be defined by



Fig. 1. Distribution of total sleep time and sleep time window according to weekdays and weekends for men. 1993 Birth Cohort, Pelotas/Brazil. (a) Distribution of total sleep time in
weekdays and weekends (p ¼ 0.808); (b) Distribution of sleep time window in weekdays and weekends (p ¼ 0.924).

Fig. 2. Distribution of total sleep time and sleep time window according to weekdays and weekends for women. 1993 Birth Cohort, Pelotas/Brazil. (a) Distribution of total sleep time
for women on weekdays and weekends (p ¼ 0.869); (b) Distribution of sleep time window in weekdays and weekends (p ¼ 0.906).
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the time window, starting at sleep onset and finishing at sleep end
[12]. The self-reported sleep duration is also the difference between
sleep onset and sleep end and does not consider movement during
the night or micro awakenings. In this regard, STW measured by
accelerometry may be more similar to sleep duration measured in
questionnaires. Considering SP, some associations were significant
only for TST and STW and other ones only for SP. SP is a measure
that takes into account both TST and STW and balances these two.
Defined as a percentage of TST by STW, SP (or sleep efficiency when
available) may be a measure more related to sleep quality or
restoration; sometimes, it is the principal measure to evaluate sleep
disorder treatments [17]. Work with a combined measure such as
SP or sleep efficiency, instead of only STW and TST, is relevant. An
increase in TST or STW reflects higher time sleeping but also may
generate a greater possibility of interruptions/movement. Thus,
while SP is more related to fewer interruptions/movement during
sleep and may reflect higher quality, higher TST or STW (amount of
time) may not necessarily mean good sleep. Thus, it is essential to
measure and present the results from SP, not just TST, STW, or time
in bed.

Regarding the finding of no difference between weekdays and
weekends, population-based studies with adults and self-reported
sleep duration show conflicting results [18,19]. A population-based
study in Sweden with an 18 or more years’ sample, showed that a
mean of self-reported sleep duration onweekdays is almost 1 h less
compared with weekends (7.0 h vs. 7.8 h). It was expected that
some differences between weekdays and weekends would be
found in this study. A possible explanation is that studies with self-
reported information overestimate the differences between week-
days and weekends. A smaller study in Sweden using accelerom-
eter data found an increment of TST on weekends compared with
weekdays, but the sample included only workers with higher mean
age than those in our study (45 y vs. 22 y) [13]. To explore this, we
performed additional analyses to evaluate the sleep onset and sleep
end during weekdays and weekends (Supplementary Tables).
Although the time of sleep onset and sleep end is a little bit earlier
on weekdays, TST and STW were not different. Thus, the difference
between weekdays and weekends in our sample is related only to
sleep onset and sleep end, but not to the total other evaluated
parameters. This delay onweekends may occur because individuals
usually do not have work/study activities on weekends.

The means of TST, STW, and SP were always higher for women
compared with men. The literature shows that women present
worse sleep quality, higher prevalence of sleep disorders, and
shorter duration than men when subjective measures were avail-
able [20]. On the other hand, in studies using the objective mea-
sures of PSG and accelerometry, women present higher means of
sleep duration and lower latency time to fall asleep (influencing SP)
[20]. Although questionnaires and accelerometry measure the
same parameters theoretically (eg, sleep duration), they do so in



Table 2
Distribution of Total Sleep Time, Sleep Time Window, and Sleep Percent according to independent variables for young adult men, Brazil.

Total Sleep Time (hour) Sleep Time Window (hour) Sleep Percent (%)

Crude Adjusted Crude Adjusted Crude Adjusted

Mean (95% CI) P value Mean (95% CI) P value Mean (95% CI) P value Mean (95% CI) P value Mean (95% CI) P value Mean (95% CI) P value

Skin color 0.064 0.038 0.252 0.092 0.006 0.036
White 6.0 (5.9; 6.1) 6.0 (5.9; 6.1) 7.2 (7.1; 7.3) 7.2 (7.1; 7.3) 83.8 (83.4; 84.3) 83.6 (83.2; 84.1)
Black 5.8 (5.7; 6.0) 5.8 (6.7; 6.0) 7.1 (6.9; 7.2) 7.0 (6.9; 7.2) 82.9 (82.0; 83.8) 83.1 (82.2; 84.0)
Brown (pardo) 5.9 (5.8; 6.0) 5.9 (5.7; 6.0) 7.2 (7.1; 7.4) 7.2 (7.0; 7.3) 82.1 (81.2; 83.0) 82.2 (81.3; 83.1)
Others 5.8 (5.5; 6.0) 5.8 (5.5; 6.0) 6.9 (6.6; 7.2) 6.9 (6.6; 7.2) 83.7 (81.9; 85.5) 84.0 (82.1; 85.8)

Occupation 0.043 0.046 <0.001 <0.001 <0.001 <0.001
None 6.1 (5.9; 6.2) 6.1 (6.0; 6.2) 7.5 (7.3; 7.6) 7.5 (7.3; 7.6) 82.0 (81.1; 82.9) 82.0 (81.1; 82.9)
Only study 6.0 (5.9; 6.2) 6.0 (5.8; 6.2) 7.2 (7.0; 7.4) 7.2 (7.0; 7.4) 84.3 (83.1; 85.4) 84.2 (83.0; 85.4)
Only work 5.9 (5.8; 6.0) 5.9 (5.8; 6.0) 7.1 (7.0; 7.2) 7.1 (7.0; 7.2) 83.0 (82.5; 83.5) 83.0 (82.5; 83.5)
Both 5.9 (5.8; 6.0) 5.9 (5.7; 6.0) 7.0 (6.8; 7.1) 7.0 (6.8; 7.1) 85.0 (84.1; 85.8) 84.8 (83.9; 85.7)

Wealth index
(quintiles)

0.510 0.404 0.752 0.730 0.098 0.369

1� (poorest) 5.9 (5.8; 6.1) 5.9 (5.7; 6.0) 7.2 (7.1; 7.4) 7.1 (6.9; 7.3) 82.8 (81.9; 83.7) 83.1 (82.2; 84.1)
2� 5.9 (5.8; 6.1) 5.9 (5.8; 6.1) 7.2 (7.0; 7.3) 7.2 (7.1; 7.4) 82.9 (82.0; 83.7) 82.7 (81.8; 83.6)
3� 5.9 (5.8; 6.0) 5.9 (5.8; 6.0) 7.1 (7.0; 7.2) 7.1 (7.0; 7.3) 83.2 (82.4; 84.0) 83.3 (82.5; 84.1)
4� 6.0 (5.9; 6.1) 6.0 (5.9; 6.2) 7.2 (7.1; 7.3) 7.2 (7.1; 7.4) 84.1 (83.3; 84.8) 83.9 (83.1; 84.7)
5� (richest) 5.9 (5.8; 6.1) 5.9 (5.8; 6.1) 7.1 (7.0; 7.2) 7.1 (7.0; 7.3) 83.9 (83.1; 84.6) 83.3 (82.5; 84.2)

Children
<2 years old

0.714 0.384 0.362 0.326 0.522 0.826

No 5.9 (5.9; 6.0) 5.9 (5.9; 6.0) 7.2 (7.1; 7.2) 7.1 (7.1; 7.2) 83.5 (83.1; 83.9) 83.4 (83.0; 83.8)
Yes 5.9 (5.8; 6.1) 6.0 (5.8; 6.2) 7.2 (7.1; 7.4) 7.3 (7.1; 7.4) 83.1 (82.1; 84.2) 83.5 (82.3; 84.6)

Physical activity
(terciles)

0.378 0.089 0.301 0.177 0.885 0.611

1� (lowest) 5.9 (5.8; 6.0) 5.8 (5.7; 5.9) 7.1 (7.0; 7.2) 7.1 (6.9; 7.2) 83.4 (82.7; 84.1) 83.2 (82.5; 84.0)
2� 6.0 (5.9; 6.0) 6.0 (5.9; 6.1) 7.2 (7.1; 7.3) 7.2 (7.1; 7.3) 83.6 (82.9; 84.2) 83.3 (82.6; 84.0)
3� (highest) 6.0 (5.8; 6.0) 6.0 (5.9; 6.1) 7.2 (7.1; 7.3) 7.2 (7.1; 7.3) 83.4 (82.8; 83.9) 83.4 (82.9; 84.0)

Screen time
(terciles)

0.072 0.205 0.179 0.417 0.307 0.246

1� (lowest) 5.9 (5.8; 6.0) 5.9 (5.8; 6.0) 7.1 (7.0; 7.2) 7.1 (7.0; 7.2) 83.3 (82.7; 83.9) 83.1 (82.5; 83.8)
2� 6.0 (5.9; 6.1) 6.0 (5.9; 6.1) 7.2 (7.1; 7.3) 7.2 (7.1; 7.3) 83.1 (82.5; 83.8) 83.0 (82.3; 83.7)
3� (highest) 6.0 (5.9; 6.1) 6.0 (5.9; 6.1) 7.2 (7.1; 7.3) 7.2 (7.1; 7.3) 83.8 (83.2; 84.4) 83.8 (83.1; 84.4)

Alcohol use
disorders

0.092 0.185 0.272 0.246 0.152 0.597

No 6.0 (5.9; 6.0) 6.0 (5.9; 6.0) 7.2 (7.1; 7.3) 7.2 (7.1; 7.3) 83.6 (83.1; 84.0) 83.4 (82.9; 83.8)
Yes 5.9 (5.8; 6.0) 5.9 (5.8; 6.0) 7.1 (7.0; 7.2) 7.1 (7.0; 7.2) 83.0 (82.3; 83.7) 83.1 (82.4; 83.9)

Current smoking 0.382 0.867 0.494 0.772 0.006 0.169
No 6.0 (5.9; 6.0) 5.9 (5.9; 6.0) 7.2 (7.1; 7.2) 7.2 (7.1; 7.2) 83.7 (83.3; 84.1) 83.4 (83.0; 83.9)
Yes 5.9 (5.8; 6.0) 5.9 (5.8; 6.1) 7.2 (7.1; 7.3) 7.2 (7.0; 7.3) 82.4 (81.6; 83.2) 82.8 (81.9; 83.6)

BMI 0.482 0.146 0.035* 0.015* 0.075 0.065
Normal 6.0 (5.9; 6.0) 6.0 (5.9; 6.0) 7.2 (7.1; 7.3) 7.2 (7.1; 7.3) 83.1 (82.6; 83.5) 82.9 (82.4; 83.4)
Overweight 6.0 (5.9; 6.1) 6.0 (5.9; 6.1) 7.1 (7.0; 7.2) 7.1 (7.0; 7.3) 84.0 (83.3; 84.6) 83.9 (83.2; 84.6)
Obese 5.9 (5.7; 6.0) 5.8 (5.7; 5.9) 7.0 (6.9; 7.1) 7.0 (6.8; 7.1) 83.7 (82.8; 84.7) 83.6 (82.6; 84.6)

Perceived health
status

0.300 0.502 0.213 0.386 0.554 0.433

Dissatisfied 5.7 (5.6; 6.0) 5.8 (5.6; 6.0) 7.0 (6.7; 7.1) 7.2 (7.1; 7.3) 83.8 (82.4; 85.0) 83.3 (81.9; 84.8)
Regular 5.9 (5.8; 6.1) 5.9 (5.8; 6.1) 7.2 (7.1; 7.3) 7.1 (7.0; 7.3) 83.0 (82.2; 83.8) 82.8 (82.0; 83.7)
Satisfied 6.0 (5.9; 6.0) 5.9 (5.9; 6.0) 7.2 (7.1; 7.2) 7.0 (6.8; 7.1) 83.5 (83.0; 83.9) 83.5 (83.0; 83.9)

Common mental
disorders

0.634 0.446 0.295 0.117 0.232 0.106

No 5.9 (5.9; 6.0) 5.9 (5.9; 6.0) 7.1 (7.1; 7.2) 7.2 (7.1; 7.3) 83.3 (82.9; 83.7) 83.2 (82.7; 83.6)
Yes 5.9 (5.8; 6.0) 5.9 (5.8; 6.0) 7.1 (7.0; 7.2) 7.1 (6.9; 7.2) 83.8 (83.0; 84.6) 83.9 (83.1; 84.8)

Total 5.9 (5.8; 5.9) 5.9 (5.9; 6.0) 7.1 (7.1; 7.2) 7.2 (7.1; 7.2) 83.2 (82.9; 83.6) 83.3 (82.9; 83.7)

BMI: body mass index.
Adjustment follows a hierarchical model first level: skin color, occupation, wealth index, have children <2 years old; second level: physical activity, screen time, alcohol use
disorders, current smoking; third level: BMI, perceived health status, common mental disorders.
* p-value for trend.

A. Wendt et al. / Sleep Medicine 67 (2020) 83e90 87
different ways. Accelerometry works with movement, and ques-
tionnaires ask for the perceived time of sleep onset and sleep end.
Thus, self-reported sleep duration, which was higher in women
than in men, may be related to other factors such as hormonal
changes faced by women throughout life (eg, menstrual cycle)
[20,21]. Also, factors such as a higher prevalence of depression and
anxiety in women may affect the subjective perception of sleep
[20,22]. Furthermore, some authors suggest the difference in
circadian rhythms as the potential reason for this divergence be-
tween studies with objective and subjective measures [20,21].
Some studies have shown that the secretion of melatonin happens
earlier inwomen, but the hour of sleep onset and sleep endmay not
vary between the sexes [20,22].

Regarding socioeconomic variables, women in the higher
quintile of wealth showed higher SP. Individuals with white skin
color presented a higher means of TST. A review shows that few
studies support the theory of biological ethnic differences in sleep
[23]. However, as with other health outcomes, sleep seems to be
associated with socioeconomic status, with lower educational and
socioeconomic level groups presenting worse general health
[23e25]. Another important socioeconomic variable is work status.
In this study, individuals who were not studying or working



Table 3
Distribution of Total Sleep Time, Sleep Time Window, and Sleep Percent according to independent variables for young adult women, Brazil.

Total Sleep Time (hour) Sleep Time Window (hour) Sleep Percent (%)

Crude Adjusted Crude Adjusted Crude Adjusted

Mean (95% CI) P value Mean (95% CI) P value Mean (95% CI) P value Mean (95% CI) P value Mean (95% CI) P value Mean (95% CI) P value

Skincolor 0.002 0.004 0.141 0.063 <0.001 0.048
White 6.5 (6.4; 6.5) 6.5 (6.4; 6.5) 7.7 (7.6; 7.7) 7.7 (7.6; 7.7) 84.9 (84.5; 85.3) 84.8 (84.4; 85.2)
Black 6.2 (6.1; 6.3) 6.2 (6.1; 6.3) 7.5 (7.3; 7.6) 7.4 (7.3; 7.6) 83.2 (82.5; 83.9) 83.7 (83.0; 84.5)
Brown (pardo) 6.5 (6.3; 6.6) 6.5 (6.4; 6.6) 7.7 (7.6; 7.8) 7.7 (7.6; 7.9) 84.2 (83.5; 84.9) 84.8 (84.1; 85.5)
Others 6.3 (6.1; 6.6) 6.3 (6.1; 6.6) 7.6 (7.3; 7.9) 7.6 (7.3; 7.9) 83.4 (81.9; 84.9) 83.5 (82.1; 85.0)

Occupation 0.603 0.208 0.036 0.002 <0.001 0.001
None 6.4 (6.3; 6.5) 6.5 (6.3; 6.6) 7.7 (7.6; 7.8) 7.8 (7.7; 7.9) 82.9 (82.3; 83.5) 83.6 (82.0; 84.3)
Only study 6.4 (6.3; 6.6) 6.4 (6.3; 6.6) 7.6 (7.5; 7.8) 7.6 (7.5; 7.8) 84.8 (84.0; 85.5) 84.2 (83.4; 84.9)
Only work 6.5 (6.4; 6.6) 6.5 (6.4; 6.6) 7.6 (7.5; 7.7) 7.7 (7.5; 7.7) 85.0 (84.5; 85.5) 85.1 (84.5; 85.6)
Both 6.4 (6.3; 6.5) 6.3 (6.2; 6.4) 7.5 (7.3; 7.6) 7.4 (7.3; 7.5) 85.9 (85.2; 86.5) 85.1 (84.4; 85.8)

Wealth index
(quintiles)

0.153 0.296 0.378 0.222 <0.001 <0.001

1� (poorest) 6.4 (6.3; 6.5) 6.5 (6.3; 6.6) 7.7 (7.6; 7.8) 7.7 (7.6; 7.9) 82.9 (82.3; 83.5) 83.6 (82.9; 84.2)
2� 6.3 (6.2; 6.5) 6.3 (6.2; 6.5) 7.6 (7.4; 7.7) 7.6 (7.4; 7.7) 84.1 (83.5; 84.8) 84.2 (83.6; 84.9)
3� 6.4 (6.3; 6.5) 6.4 (6.3; 6.5) 7.6 (7.5; 7.7) 7.6 (7.5; 7.7) 84.4 (83.8; 85.1) 84.3 (83.6; 85.0)
4� 6.5 (6.3; 6.6) 6.4 (6.3; 6.6) 7.5 (7.4; 7.7) 7.5 (7.4; 7.7) 85.7 (85.0; 86.4) 85.7 (84.9; 86.4)
5� (richest) 6.5 (6.4; 6.7) 6.5 (6.4; 6.7) 7.7 (7.5; 7.8) 7.7 (7.5; 7.8) 85.7 (85.1; 86.4) 85.4 (84.6; 86.1)

Children
<2 years old

<0.001 <0.001 0.013 <0.001 <0.001 <0.001

No 6.5 (6.4; 6.5) 6.5 (6.4; 6.6) 7.7 (7.6; 7.7) 7.7 (7.6; 7.7) 85.1 (84.7; 85.4) 84.9 (84.6; 85.3)
Yes 6.1 (5.9; 6.2) 6.1 (5.9; 6.2) 7.5 (7.3; 7.6) 7.4 (7.2; 7.5) 81.8 (81.1; 82.5) 82.8 (82.0; 83.6)

Physical activity
(terciles)

0.778 0.997 0.631 0.885 <0.001* 0.001*

1� (lowest) 6.4 (6.3; 6.5) 6.4 (6.3; 6.5) 7.7 (7.6; 7.8) 7.6 (7.5; 7.7) 83.9 (83.4; 84.4) 84.2 (83.7; 84.7)
2� 6.4 (6.3; 6.5) 6.4 (6.3; 6.5) 7.6 (7.5; 7.7) 7.6 (7.5; 7.7) 84.5 (84.0; 85.0) 84.5 (83.9; 85.0)
3� (highest) 6.4 (6.3; 6.6) 6.4 (6.3; 6.5) 7.6 (7.5; 7.7) 7.6 (7.5; 7.7) 85.3 (84.8; 85.9) 85.1 (84.5; 85.7)

Screen time
(terciles)

0.961 0.683 0.878 0.869 0.324* 0.627

1� (lowest) 6.4 (6.3; 6.5) 6.4 (6.3; 6.5) 7.6 (7.5; 7.7) 7.6 (7.5; 7.7) 84.6 (84.1; 85.1) 84.4 (83.9; 84.8)
2� 6.4 (6.3; 6.5) 6.4 (6.3; 6.5) 7.6 (7.5; 7.7) 7.6 (7.5; 7.7) 84.5 (84.0; 85.1) 84.7 (84.2; 85.3)
3� (highest) 6.4 (6.3; 6.5) 6.4 (6.3; 6.5) 7.7 (7.5; 7.8) 7.6 (7.5; 7.7) 84.2 (83.6; 84.8) 84.6 (84.0; 85.2)

Alcohol use
disorders

<0.001 <0.001 <0.001 <0.001 0.416 0.999

No 6.5 (6.4; 6.5) 6.5 (6.4; 6.5) 7.7 (7.6; 7.7) 7.7 (7.6; 7.7) 84.5 (84.3; 84.9) 84.6 (84.3; 85.0)
Yes 6.1 (6.0; 6.2) 6.1 (5.9; 6.3) 7.3 (7.1; 7.5) 7.3 (7.1; 7.4) 84.2 (83.4; 85.0) 83.9 (83.1; 84.7)

Current smoking 0.008 0.452 0.058 0.152 0.095 0.731
No 6.4 (6.4; 6.5) 6.4 (6.4; 6.5) 7.6 (7.6; 7.7) 7.6 (7.6; 7.7) 84.6 (84.3; 85.0) 84.5 (84.2; 84.8)
Yes 6.2 (6.1; 6.4) 6.4 (6.2; 6.5) 7.5 (7.3; 7.6) 7.5 (7.3; 7.7) 83.8 (83.0; 84.6) 84.7 (83.8; 85.5)

BMI 0.210 0.333 0.117* 0.140 0.854 0.212
Normal 6.4 (6.4; 6.5) 6.4 (6.4; 6.5) 7.7 (7.6; 7.7) 7.7 (7.6; 7.8) 84.5 (84.1; 84.9) 84.3 (83.9; 84.7)
Overweight 6.4 (6.3; 6.5) 6.4 (6.3; 6.5) 7.6 (7.5; 7.7) 7.6 (7.5; 7.7) 84.5 (83.9; 85.1) 84.9 (84.3; 85.5)
Obese 6.3 (6.2; 6.4) 6.3 (6.2; 6.5) 7.5 (7.4; 7.7) 7.5 (7.4; 7.6) 84.3 (83.6; 85.0) 84.8 (84.1; 85.5)

Perceived health
status

0.598 0.906 0.525 0.595 0.360 0.410

Dissatisfied 6.3 (6.1; 6.5) 6.4 (6.2; 6.6) 7.5 (7.3; 7.8) 7.5 (7.3; 7.8) 84.0 (82.9; 85.2) 84.4 (83.1; 85.6)
Regular 6.4 (6.3; 6.5) 6.4 (6.3; 6.5) 7.6 (7.5; 7.7) 7.6 (7.5; 7.7) 84.8 (84.2; 85.4) 84.8 (84.3; 85.4)
Satisfied 6.4 (6.4; 6.5) 6.4 (6.3; 6.5) 7.6 (7.6; 7.7) 7.6 (/7.6; 7.7) 84.5 (84.0; 84.8) 84.3 (84.0; 84.8)

Common mental
disorders

0.040 0.208 0.075 0.180 0.387 0.137

No 6.4 (6.4; 6.5) 6.4 (6.4; 6.5) 7.7 (7.6; 7.7) 7.6 (7.6; 7.7) 84.6 (84.2; 85.0) 84.7 (84.3; 85.0)
Yes 6.3 (6.2; 6.4) 6.4 (6.3; 6.5) 7.5 (7.4; 7.6) 7.5 (7.4; 7.7) 84.2 (83.6; 84.9) 84.1 (83.5; 84.7)

Total 6.4 (6.4; 6.5) 6.4 (6.4; 6.5) 7.6 (7.6; 7.7) 7.6 (7.6; 7.7) 84.5 (84.3; 84.8) 84.5 (84.2; 84.8)

BMI: body mass index.
Adjustment follows a hierarchical model first level: skin color, occupation, wealth index, have children <2 years old; second level: physical activity, screen time, alcohol use
disorders, current smoking; third level: BMI, perceived health status, common mental disorders.
* p-value for trend.
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presented lower SP. For men not working or studying, TST and STW
were higher compared with students and/or workers, but this
result did not reflect higher SP. These findings suggest that SP may
be a measure closely related to the general quality of sleep. Aspects
such as sleep movement, sleep interruptions, or long latency may
lead to lower SP [17].

Only for women, having children who were less than two years
of age was associated with lower TST, STW, and SP. Studies with
women in the postpartum period have shown that sleep behavior
changes in this phase of life, and the chance for developing
insomnia are higher [26,27]. One study comparing women in the
postpartum period with other women showed that the secretion of
melatonin in postpartum individuals presented a lower percent
increase [28]. This biological change associated with sleep inter-
ruption by young children [27] may explain the association found
in this work. Studies that include mothers of children up to two
years are scarce. We believe that the routine of mothers with
children at this age is different from mothers with older children
when demands from the child seem to be lower compared with the
postpartum period.

Although overweight and obesity are generally associated with
a wide range of sleep outcomes, in this study the association was
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found only for STW among men. The problems of this association
are related to sleep breathing disorders, mainly obstructive sleep
apnea (OSA), and this study did not evaluate this outcome [29,30].
If the present study had evaluated more specific outcomes such as
sleep disorders, the association with BMI would be more likely.
Concerning sleep parameters such as TST, STW, and SP, the role of
sex in association with BMI and sleep remains controversial. A US
study with individuals 21e35 years of age also found an associa-
tion of higher BMI and worse sleep indicators only for men [31].
Mezick et al., found an inverse association of BMI with TST and SP
only for women [32]. The authors also discuss that possibly some
studies found associations only for men and other ones only for
women due to the discrepancy in instruments, constructs
assessed, and population features in each study, making compar-
ison difficult [31].

We found that physical activity was associated with better SP
among women. The literature notes physical activity as a behavior
with an essential role in sleep measures [33]. Most of the
population-based studies about associated factors of sleep param-
eters used subjective measures of sleep (eg, questionnaires and
sleep logs). The evidence of physical activity's effect on objective
measures of sleep remains unclear. A study with a representative
sample of 18- to 74-year-old Latinos in the US did not show any
association of physical activity and sleep measures by accel-
erometry, even after adjusting for potential confounders [34].
Studies using samples from the general population with objective
methods to assess sleep parameters, such as accelerometry, are
necessary to establish this association.

Regarding harmful alcohol disorders, some authors note a
reduction in TST and SP in individuals with alcohol problems
[33,35]. The frequent use of alcohol can also lead to an increase in
awakenings and nightmares. The authors suggest that ethanol has a
sedative effect, but it decreases across the night [35]. Unfortunately,
we only have information about alcohol intake frequency and
dependence from our questionnaire, and data about alcohol during
the night are not available. Disorders of alcohol use were associated
with lower TST and STW only for women in this study. Few studies
evaluated sex differences in association with alcohol and sleep, but
some explanations may be discussed. In general, women present
less body water and more body fat than men and tend to have
higher blood alcohol levels after ingestion [36,37]. Furthermore,
alcohol ingestion in women might be influenced by hormonal
changes during the menstrual cycle [37]. This difference may result
in an association of risk drinking with TST and STWonly in women.

One study about sleep highlights a series of associated behav-
ioral factors [33], but the majority of studies use subjective mea-
sures. In the present study, few associations remained significant
after adjustments, and the majority of associations found are
relatively small compared to studies with questionnaires. It is
possible that behavioral and socioeconomic components played a
more prominent role in subjective sleep outcomes such as daytime
sleepiness and sleep quality or specific sleep disorders such as OSA
than TST, STW, and SP. The age of participants in the present study
is something to consider in the comparison of the findings. Our
sample encompassed individuals without a significant variation in
age (22 years old, ranging from 21 to 23 at the time of interview).
Most populational studies about sleep have been conducted among
children, middle-aged adults, and the elderly. Young adults may be
the population less affected by sleep problems. Harmful behaviors
such as physical inactivity, poor nutrition, and others may not
affect sleep in this life phase but may impact sleep health as age
increases.

For all results in the present study, the magnitude of findings is
something to be highlighted. We found significant differences ac-
cording to categories of exposure variables, but not more than
20 min for TST and STW and two percentage points for SP. Perhaps
these changes in outcomes, according to exposure variables, are not
clinically relevant.

This work has some limitations worth highlighting. First, sleep
measures based on accelerometry should be interpreted with
caution, since sleep is a state involving several conditions (eg, ce-
rebral waves, breathing, horizontal position), and sustained inac-
tivity is only one of them [8]. Self-reported measures require
memory and perception and are highly dependent on how the
question is asked and the recall period. Even so, accelerometry still
brings valid information about sleep [7,8]. Second, an automatic
method of sleep time window detection was employed. Automatic
detection may be a good option, when using sleep logs is not
possible, but the results could present possible errors of an auto-
mated algorithm. In our sample, the correlation between STW and
self-report of sleep duration was 0.3 (data not presented), very
similar to studies with physical activity comparing accelerometer
measurement with a questionnaire. This finding reinforces the
observation that mechanical and self-report measures are entirely
different. However, mechanical measurement makes the process of
obtaining objective sleep measures easier in population-based
studies. Finally, it is essential to highlight that the present study
aims only to find factors associated with TST, STW, and SP and not
to establish a causal relationship. The cross-sectional design of our
study does not allow causal inference.

Among the strengths of the present study, it was conducted on a
birth cohort with high standards in data collection and a relatively
small amount of follow-up loss. All independent variables were
collected using standardized questionnaires and valid measures.
Also, the study was conducted in a middle-income country,
whereas the majority of studies with objective sleep measures
were conducted in high-income countries. In general, individuals
from high-income countries experience better life conditions due
to higher income, as well as better health services, employment
rates, and other features. These individuals tend to present better
values of sleep parameters compared with individuals living in
worse conditions. According to our knowledge, this is one of the
first studies to describe TST, STW, and SP in a young adult
population-based sample in a middle-income setting.
5. Conclusions

Differences were observed in TST, STW, and SP between sexes,
with women presenting higher means of the sleep parameters
measured. No difference was found between weekdays and week-
ends. Variables such as skin color, work status, risk drinking,
physical activity, and BMI have shown weak associations with
objectively measured sleep characteristics.
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