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Abstract

Background: Regular physical activity (PA) is an important behavior in improving sleep health. However, the short-term effects of PA on sleep
are still controversial. This study aimed to verify the effect of different intensities of PA practiced in different periods of the day on the subse-
quent sleep night in a population-based cohort of young adults.

Methods: : Prospective analyses were conducted for PA performed during the day and its effect on the following sleep night using data from the
22-year follow-up of the 1993 Pelotas Birth Cohort in Brazil (mean age of participants =22.6 years). Wrist-worn accelerometry was used to mea-
sure both PA and sleep parameters. Regarding intensity, we analyzed the sleep effect of light PA (LPA), moderate PA, and vigorous PA, strati-
fied by sex. Sleep variables were sleep time window (STW; the difference between sleep onset and sleep end), total sleep time (TST; the sum of
minutes classified as sleep in STW), and sleep percent (SP; SP = (TST/STW); expressed in percentage). We performed generalized estimating
equations using Stata software.

Results: : The means of STW, TST, and SP were 443.6 min/day, 371.1 min/day, and 84%, respectively. Time spent in moderate PA and vigorous
PA in the morning and afternoon was not associated with sleep variables. Among men, 10 min/day of morning LPA increased TST by
2.56 min/day. Among women, 10 min/day of morning LPA increased SP by 0.15 percentage points. Afternoon LPA also increased SP by 0.09
percentage points for women. Night PA seems to have an inverse effect on sleep variables for any intensity and both sexes.

Conclusion: : The effect of PA on sleep health is intrinsically related to the period of the day in which it is performed. The effect magnitude is
different between sexes. For better sleep health, it is preferable that PA be performed during the day.
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Effect of physical activity on sleep

highlights the importance of daily fluctuations.'”*" Sleep
assessment involving multiple days for each individual may
help to deal with these fluctuations, but sleep assessment has
traditionally been measured only on a weekly basis.'”*"

The association of PA and sleep seems to rely on the PA
features such as intensity and time schedule.'’”" Although
some authors have argued that PA performed at night has a
sleep-disturbing effect, the evidence is still unclear.”’ Some
experimental studies have found that PA performed only dur-
ing the daytime improves sleep outcomes, but these findings
are limited by small samples and self-selection bias.”” A recent
review of experimental studies did not find evidence that even-
ing PA worsens sleep time.”’ In addition, few studies have
assessed different periods of the day and intensities of PA
separately.”!

Time spent on each intensity of PA occurring during spe-
cific periods of the day is difficult to measure in population-
based studies, which usually depend on questionnaires based
on recall periods of greater than 1 day. Furthermore, recent
studies have shown that the effect of PA and 24-h movement
patterns on sleep may be different between men and women, a
finding that needs to be further explored with stratified analy-
ses, for example.”"”> Accelerometry could be an alternative
for measuring the effect of acute, free-living PA on the subse-
quent sleep night in population-based samples and provide
some evidence regarding unanswered questions, including the
relationship between sleep and PA intensity and the time of
the day in which PA is performed.

Identifying the optimal time and intensity for performing
PA in order to improve sleep parameters may help in the plan-
ning of population-level health actions. Hence, this study
aimed to verify the effect of different intensities of PA per-
formed during different periods of the day on the following
sleep night in a population-based cohort of young adults.

2. Methods
2.1. Study design and sample

The present study is based on prospective analyses of PA
practiced during the day and the following sleep night using
data from the 22-year follow-up of the 1993 Pelotas Birth
Cohort in Brazil (mean age =22.6 years).”® This cohort partici-
pated in a multipurpose population-based study, and the 22-year
follow-up gave special attention to precursors and risk factors
for noncommunicable diseases.”® The eligibility criteria for
the cohort included being born in one of 5 maternity hospitals
in Pelotas and being the child of a mother who lived in an
urban region of the city. The original cohort comprised 5249
child—mother pairs.”’ For the 15-year follow-up, interviews
took place in each participant’s home. For the 18- and 22-year
follow-ups, participants went to a research clinic for data col-
lection. The response rate at the 22-year follow-up was 76.3%
(3810 cohort members were assessed; 193 individuals had
died). All follow-ups collected standardized information about
sociodemographic and behavior characteristics, as well as
health outcomes. More details about all cohort follow-up
(including 22-year follow-up) can be found elsewhere.”® **
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This study was approved by the Federal University of Pelo-
tas Medical School. Ethical approval was obtained, and mem-
bers of the cohort provided full written informed consent.

2.2. Accelerometry

As part of the 22-year follow-up of the 1993 Pelotas Birth
Cohort, participants were invited to wear a triaxial accelero-
meter on the wrist Actigraph (GT3X; ActiGraph, Pensacola,
FL, USA) for 6 days with a 24-h protocol. This protocol allowed
an analysis of each participant’s PA and sleep to be made
throughout the week. At the end of the week, a staff member
collected the device at the participant’s house. Data were col-
lected using a 5-s epoch and 60 Hz sampling frequency. The
download was performed with Actilife software (Version 6.1;
ActiGraph) and processed in R program with a GGIR package
(Version 1.5-21; R Core Team, Vienna, Austria).”” This process
checked for calibration error based on local gravity,”’ abnor-
mally high values and nonwear time, and vector magnitude was
calculated using the Euclidian Norm minus 1g (ENMO) (Eq.

(1)
ENMO = /x2 +)2 +z2—1g Eq.(1)

Sleep variables were obtained via the algorithm proposed
by van Hees et al.,”' with automatic detection of sleep peri-
ods.*” The original work was found to be 83% accurate for
sleep measures.”' Automatic detection assesses changes in the
z-angle for each 5-min period’' and identifies values under the
10th percentile of movement in a complete day. The algorithm
then identifies blocks of 30 min with this pattern of movement,
with gaps lower than 60 min among them. Finally, only the
longer block in a 24-h period (noon to noon), defined as the
sleep time window (STW), is maintained.’” In our study,
changes in the z-angle of 3° for each 5-min window were used.
The sleep variables were STW (the difference between sleep
onset and sleep end, expressed in minutes), total sleep time
(TST; the total minutes classified as sleep after sleep onset),
and sleep percent (SP; TST divided by STW, expressed as per-
cent). In order to improve the quality of data, TST and STW of
less than 2 h or more than 15 h, respectively, were excluded
from the analysis. A total of 437 nights were excluded from
the analysis due to these criteria.

The extracted PA variables for this study were minutes of
light PA (LPA), moderate PA (MPA), and vigorous PA
(VPA). LPA was defined as involving acceleration from 50 mg
to 99 mg, MPA from 100 mg to 399 mg, and VPA 400 mg or
more.”*** While LPA and VPA were nonbouted variables,
MPA was analyzed using a 5-min bout. The decision regarding
the nonbouted variables was based on the fact that any bout cri-
teria for VPA would be unable to capture activities having peaks
of high intensity and short duration. Nonbouted LPA repre-
sented more routine activities, while a 5-min MPA bout repre-
sented more structured activities.

Daily PA occurring during the following periods was ana-
lyzed: morning (6:00 a.m. to 11:59 a.m.), afternoon (12:00 p.m.
to 7:59 p.m.), night (8:00 p.m. to 11:59 p.m.), and entire day
(6:00 a.m. to 11:59 p.m.). All PA variables occurring between
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6:00 a.m. and 12:00 a.m. were analyzed, as the mean of sleep
onset in our sample was 12:00 a.m. The subdivision of a day
into morning, afternoon, and night periods took into account the
cultural pattern of PA in Pelotas, Brazil.

All algorithms and cut-offs for PA and sleep were validated
to triaxial accelerometers previously.’'**

2.3. Covariables

Considered as potential confounding factors, the following
variables were included in the model: skin color (self-
reported), wealth index, work status (none, only studies, only
work, or both), having children less than 2 years of age (no,
yes), screen time, percentage of fat mass, alcohol ingestion,
current smoking (no, yes), illicit drug use, coffee ingestion,
mental health, and using medication to sleep. The wealth index
was obtained from a list of items using the first component of a
principal component analyses divided into quintiles, according
to standard strategies of wealth-related variables.”” Screen
time was obtained by summing the time spent weekly on tele-
vision, computer, and video games (divided into terciles). The
percentage of fat mass was measured using air displacement
plethysmography (BOD POD Composition  System;
COSMED, Albano Laziale, Italy). Alcohol ingestion was
measured using the Alcohol Use Disorder Identification
questionnaire, and a continuous score was used. The use of
illicit drugs was measured using a confidential question-
naire, which asked participants about the use of a list of
different drugs. We classified the use of illicit drugs as
everyday, sometimes, and no use. Coffee ingestion in the
last year was collected with a digital and self-reported food
frequency questionnaire, which asked participants about
frequency and amount.’® Using this information, coffee
ingestion was calculated in grams per day. In order to mea-
sure mental health, a continuous-score, self-reporting ques-
tionnaire was used.”’ Covariables were chosen based on a
literature review; we included factors that might influence
both PA timing and sleep. We did not include any varia-
bles that could potentially be in the path between PA and
sleep (mediators) (Supplementary Fig. 1).

2.4. Data analysis

Our study included only participants who had at least 4
nights of sleep data, who had at least 16 valid h/day of accele-
rometry data (GGIR default), who were not working at night
and who did not use medication for sleep, since the sleep medi-
cation could modify the sleep parameters. First, a comparison
between the original cohort and the analytical sample was car-
ried out (Supplementary Table 1). Percentages and a 95% con-
fidence interval (95%CI) were used for categorical variables in
the study. Means and 95%CIs were calculated for all outcomes
for continuous variables. For PA variables, we calculated
medians and interquartile ranges.

In order to test the effect of PA on sleep outcomes, we ana-
lyzed each 24-h period per participant. We used a generalized
estimating equation to obtain regression coefficients (). Due
to the continuous nature of exposures and outcomes, we
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decided to work with the Gaussian family and identity link.
The correlation structure for each association was based on the
lower quasi-likelihood under the independence model criterion
values of models. To improve the analysis, we used 10 min of
PA instead of 1 min. Therefore, the change in sleep outcomes
should be interpreted based on each increase of 10 min of PA.
Supplementary Tables 2, 3, and 4 present changes in sleep out-
comes for each 1 min of change in PA variables. The crude
and adjusted regression coefficients (8) and respective 95%CIs
for PA are presented for the following periods: morning, after-
noon, night, and entire day.

All analyses were conducted using Stata (Version 12.1;
StataCorp LP, College Station, TX, USA) and were stratified
by sex. Significance was set at a =0.05.

3. Results

We analyzed 2006 participants with valid accelerometer
data for both PA and sleep (comprising 9687 cycles of 24 h)
from a total of 3810 cohort members evaluated at the 22-year
follow-up. Supplementary Table 1 shows a comparison
between the original cohort (original sample born in 1993,
n=>5249) and the analytic sample (with valid accelerometer
data at the 22-year follow-up, n=2006). The analyzed sample
was similar to the original cohort, and no statistically signifi-
cant difference was found according to sex (p =0.383), mater-
nal education (p =0.077), family income (p =0.863), or birth
weight (p =0.497).

Table 1 presents a description of the sample included in
our analysis, as well as the means of the 3 outcomes
related to the covariables. The majority of the analyzed
participants were females (51.5%) and reported white skin
color (61.0%). One-fifth had a job and were engaged in
studies; 15.0% reported having children below 2 years of
age. Regarding behaviors, 16.1% reported smoking, 13.6%
used illicit drugs, and 20.1% reported harmful alcohol
ingestion; 19.4% of the participants were classified as hav-
ing common mental disorders. The means of STW, TST,
and SP were 443.6 min (£67.2 min), 371.1 min (£58.5
min), and 84.0% (£5.8%), respectively.

Table 2 shows medians of LPA, MPA, and VPA according
to period of day and sex. During the 24-h period, the median
for LPA in both sexes was around 150 min. Men spent
22.9 min in MPA and 5.1 min in VPA, while for women these
values were 13.3 min and 3.0 min, respectively. There were no
relevant differences by sex in the medians for morning PA and
night PA. In the afternoon, women spent half as much time in
MPA compared to men (10.7 min for men and 5.9 min for
women).

Table 3 presents results of STW according to sex. After
adjustments, higher PA levels during the morning and the
afternoon were not associated with STW for either sex. PA
practiced at night showed an inverse association with STW in
the following sleep night. Among men, each 10 min of LPA,
MPA, and VPA at night decreased the STW by 14.44 min
(95%CI: —16.56 to —12.33), 5.01 min (95%CIL: —7.49 to
—2.53), and 12.03 min (95%CI: —18.22 to —5.84),
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Table 1
Distribution of sample according to variables used in study (Pelotas Birth cohort 1993, 22-year follow-up, Pelotas, Brazil).
Variable Sample Sleep time window (min) Total sleep time (min) Sleep percent (%)
n (%) 95%CI Mean (95%CI) Mean (95%CI) Mean (95%CI)

Sex

Male 972 (48.5) 45.9-50.1 429.4 (425.3—433.4) 356.4 (352.9-359.8) 83.5(83.1-83.9)

Female 1034 (51.5) 49.9-54.1 456.9 (452.8—461.0) 385.0 (381.4—-388.6) 84.6 (84.2—84.9)
Skin color

White 1224 (61.0) 58.9—-63.2 444.9 (441.2—-448.7) 374.0 (370.8—377.3) 84.4 (84.1-84.7)

Black 339 (16.9) 15.3-18.5 436.2 (429.2—443.1) 361.9 (355.8—367.9) 83.4 (82.8—84.0)

Brown 359 (17.9) 16.2—19.6 448.4 (441.2—-455.5) 372.2 (366.1-378.4) 83.4 (82.8—84.0)

Other 84 (4.2) 33-5.1 432.8 (417.4—448.1) 361.2 (347.9-374.5) 83.8(82.5-85.2)
Wealth index

Ist quintile (poorest) 389 (19.4) 17.7-21.1 449.8 (443.1—-456.5) 372.2 (366.4—378.0) 83.1(82.5-83.7)

2nd quintile 411 (20.5) 18.7-22.3 444.6 (438.1-451.1) 369.7 (364.1-375.4) 83.5(83.0—-84.1)

3rd quintile 429 (21.4) 19.6—23.2 439.5 (433.1—445.8) 367.3 (361.7-372.8) 84.0 (83.4—84.5)

4th quintile 407 (20.3) 18.5-22.1 441.5 (434.9—-448.0) 373.6 (367.9-379.3) 84.9 (84.4—85.5)

Sth quintile (richest) 370 (18.4) 16.7—20.1 442.9 (436.1—449.8) 373.2(367.3-379.2) 84.6 (84.0—85.3)
Work status

None 426 (21.2) 19.4-23.0 457.1 (450.7—463.4) 375.7(370.2—381.3) 82.6(82.1-83.2)

Only studies 262 (13.1) 11.6—14.5 446.7 (438.6—454.8) 376.8 (369.7—383.8) 84.6 (83.9—-85.3)

Only work 908 (45.3) 43.1-47.4 439.8 (435.5—444.2) 367.4 (363.6—371.2) 83.7 (83.5-84.2)

Both 410 (20.4) 18.7-22.2 435.7 (429.3—442.2) 371.0 (365.3—-376.6) 85.5(84.9—86.0)
Have children <2 years of age

No 1705 (85.0) 83.4—86.6 444.2 (441.0—447.4) 373.0 (370.2—-375.7) 84.3 (84.0—84.6)

Yes 301 (15.0) 13.4—16.6 440.1 (432.5—447.7) 360.7 (354.1-367.2) 82.5(81.9-83.2)
Screen time (min)

Ist tercile (lowest) 790 (39.3) 37.2—41.5 442.7 (438.0—447.4) 370.6 (366.5—374.7) 84.2 (83.7—-84.6)

2nd tercile 637 (31.8) 29.7-33.8 444.2 (439.0—449.4) 371.1 (366.6—375.7) 83.8(83.4—84.3)

3rd tercile (highest) 579 (28.9) 26.9-30.8 444.0 (438.5—449.5) 371.8 (367.1-376.6) 84.1(83.6—84.5)
Current smoking

No 1683 (83.9) 82.3-85.5 444.2 (440.9—-447.4) 372.5(369.7—-375.3) 84.2 (83.9-84.5)

Yes 323 (16.1) 14.5—-17.7 440.5 (433.1-447.8) 363.8 (357.4-370.2) 83.1(82.4—83.7)
Harmful alcohol ingestion®

No 1603 (79.9) 78.2—81.7 446.6 (443.3—450.0) 374.2 (371.4-371.1) 84.2 (83.9-84.4)

Yes 403 (20.1) 18.3-21.8 431.4 (424.9—-437.9) 358.8 (353.1-364.5) 83.4(83.0-84.1)
Illicit drug use

No 1733 (86.4) 84.9-87.9 444.9 (441.7—-448.0) 372.9 (370.2—-375.7) 84.2 (83.9-84.5)

Yes 273 (13.6) 12.1-15.1 435.2 (427.2—443.1) 359.7 (352.8—366.6) 83.0(82.4—-83.7)
Common mental disorder”

No 1616 (80.6) 78.8—82.3 444.8 (441.5—-448.0) 372.1(369.3—375.0) 84.0 (83.7—84.3)

Yes 390 (19.4) 17.7-21.2 438.6 (432.0—445.3) 366.9 (361.1-372.7) 84.0 (83.4—84.6)
Coffee ingestion (g/day)

Ist tercile (lowest) 699 (34.8) 32.8-36.9 441.4 (436.4—446.3) 368.8 (364.5—-373.2) 83.9 (83.5—-84.4)

2nd tercile 678 (33.8) 31.7-359 447.8 (442.7—442.7) 374.3 (369.9—-378.7) 83.9(83.4-84.3)

3rd tercile (highest) 629 (31.4) 29.3-33.4 441.4 (436.2—436.2) 370.3 (365.7—374.8) 84.3 (83.8—84.8)
Fat mass (%)

Ist tercile (lowest) 718 (35.7) 33.7-37.9 435.0 (430.1—-440.9) 361.2 (357.0—-365.5) 83.5(83.0—-83.9)

2nd tercile 629 (31.4) 29.3-33.4 445.9 (440.7—451.2) 374.0 (369.4—378.5) 84.2 (83.8—84.7)

3rd tercile (highest) 659 (32.9) 30.8—34.9 450.6 (445.5—455.7) 379.2 (374.8—-383.6) 84.5(84.0—84.9)
Total 2006 (100.0) 443.6 (440.6—446.5) 371.1 (368.6—373.7) 84.0 (83.8—84.3)

Note: Mean age of the sample was 22.6 years.
? Eight points or more in Alcohol Use Disorder Identification indicates harmful alcohol ingestion.
® Common disorder was defined according to self-reporting questionnaire-20 score (>8 points for women and >6 points for men).
Abbreviation: 95%CI = 95% confidence interval.

respectively. Among women, STW decreased by 13.60 min
(95%CI: —15.79 to —11.42), 10.37 min (95%CI: —14.70 to
—6.03), and 20.31 min (95%CI: —33.25 to —7.37) for LPA,
MPA, and VPA, respectively. During the entire day, each
10 min of LPA and MPA decreased STW by 1.14 min
(95%CI: —1.84 to —0.43) and 1.33 min (95%CI: —2.62 to
—0.05), respectively, for women only.

The results for TST are presented in Table 4. For men only,
each 10 min of morning LPA increased TST by 2.56 min
(95%CI: 1.57 to 3.56). Afternoon PA was not associated with
TST for either sex. Night PA was associated with lower TST.
For men, each 10 min of LPA, MPA, and VPA decreased TST
by 11.09 min (95%CI: —12.81 to —9.38), 4.28 min (95%CI:
—6.33 to —2.22), and 9.31 min (95%CI: —14.44 to —4.19)
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Table 2

Description of physical activity according to periods of day and sex (Pelotas Birth
Cohort 1993, 22-year follow-up, Pelotas, Brazil) (median (interquartile interval)).

Men Women

Morning

LPA (min) 35.6 (15.5—-61.6) 35.1(21.0-50.3)

MPA (min) 0.0 (0.0—8.8) 0.0 (0.0-5.1)

VPA (min) 0.7 (0.1—-1.8) 0.3 (0.1-1.0)
Afternoon

LPA (min) 77.8 (58.6—94.6) 78.8 (64.0—95.5)

MPA (min) 10.7 (4.1-24.4) 5.9(0.0—14.6)

VPA (min) 2.6 (1.3=5.1) 1.5(0.7-3.0)
Night

LPA (min) 28.1(20.4—44.7) 30.4 (22.3-39.1)

MPA (min) 0.0 (0.0—4.7) 0.0 (0.0—0.0)

VPA (min) 0.6 (0.3—1.4) 0.3(0.2—-0.8)
Entire day

LPA (min) 147.4 (109.8—182.3) 145.9 (119.8—178.3)

MPA (min) 22.9(9.0—-42.0) 13.3 (4.9-26.0)

VPA (min) 5.1(2.6—10.3) 3.0(1.4-6.5)

Abbreviations: LPA =light physical activity (nonbouted); MPA =moderate
physical activity (5-min bout); VPA = vigorous physical activity (nonbouted).

min, respectively. The associations among women were in the
same direction, but presented higher magnitudes. For women,
10 min of LPA, MPA, and VPA decreased TST by 10.81 min
(95%CI: —12.56 to —9.05), 8.38 min (95%CI: —12.04 to
—4.73), and 15.25 min (95%CI: —26.14 to —4.36), respec-
tively. Evaluating the whole day, MPA decreased TST by
0.80 min (95%CI: —1.40 to —0.19) for men and 1.16 min
(95%CI: —2.24 to —0.08) for women.

Table 5 shows the effect of PA on SP according to sex. For
women, each 10 min of morning LPA increased SP by 0.15%
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(95%CI: 0.07%—0.23%), and each 10 min of afternoon LPA
increased SP by 0.09% (95%CI: 0.02%—0.16%). Night PA
was not associated with SP for either sex. For the entire day,
LPA increased SP among women by 0.07% (95%CI:
0.03%—0.11%).

4. Discussion

This study assessed the short-term effect of PA on sleep
outcomes in a population-based sample of young adults. For
both sexes, PA practiced during the night led to a decrease in
STW and TST, regardless of the intensity of this activity. For
men, morning LPA was associated with higher TST, and
among women, morning and afternoon LPA improved SP.

It is important to emphasize that, when considering the
entire day, PA seemed to decrease STW, TST, and SP. How-
ever, depending on the period when PA was performed, we
found different results. For PA performed at night, STW and
TST decreased almost proportionally to the increase in the
amount of time LPA and MPA was performed. For SP, we did
not find this relationship since this variable is the ratio of both
TST and STW. On the other hand, morning and afternoon
LPA was associated with higher TST and SP.

The difference in the effect of PA according to the time of
day when it was performed is cited in previous studies,'”* yet
almost all evidence comes from studies without population-
based samples. For example, 2 previous meta-analyses
included only randomized controlled exercise interventions
with restricted samples.'** While causal evidence is clearer
in this type of design, it is hard to extrapolate to the general
population. Another issue regarding the comparability of our
results is the limited number of studies using a similar

Table 3
Crude and adjusted association of physical activity and sleep time window according to sex (Pelotas Birth Cohort 1993, 22-year follow-up, Pelotas, Brazil).
Men Women
Crude Adjusted Crude Adjusted
B (95%CI) p B (95%CI) B (95%CTI) p B (95%CI) p
Morning
LPA 0.03 (—1.03t0 1.11) 0.948  0.82(—0.31to0 1.96) 0.153 —0.79 (—2.03 to 0.45) 0211 —0.55(—1.82100.72) 0.399
MPA —0.71 (—2.40 to 0.98) 0.412 —0.60 (—2.29 to 1.10) 0.491 —0.55(—3.27t02.16) 0.691 —0.64 (—3.36 t0 2.09) 0.647
VPA 1.53 (—4.63 to 7.70) 0.627 1.73 (—4.45t0 7.91) 0.584  2.48(—6.03 to 11.00) 0.568  2.36 (—6.17 to 10.88) 0.588
Afternoon
LPA 0.19 (—0.92 to 1.30) 0.735  0.56 (—0.58 to 1.69) 0.336  —0.34 (—1.43t00.74) 0.533 —0.19 (—=1.30t0 0.91) 0.731
MPA —0.29 (—1.42t0 0.84) 0.618 —0.45 (—1.59 to 0.70) 0.442 —0.51(—2.39to 1.38) 0.597 —0.64 (—2.55to 1.26) 0.509
VPA 0.39 (—3.72 t0 4.50) 0.852  0.01(—0.41t00.42) 0.987  2.39(—3.42t0 8.20) 0419  2.43(—3.40to0 8.25) 0.414
Night
LPA —14.44 (—16.56 to —12.33) <0.001 —14.44 (—16.56to —12.33) <0.001 —13.57 (—15.73 to —11.40) <0.001 —13.60 (—15.79 to —11.42) <0.001
MPA —4.70 (=7.17t0 —2.23)  <0.001 —5.01(—=7.49t0 —2.53) <0.001 —10.30 (—14.63to —5.99) <0.001 —10.37 (—14.70to —6.03) <0.001
VPA  —11.56 (—17.75t0 —5.37) <0.001 —12.03 (—18.22t0 —5.84) <0.001 —19.80 (—38.74to —6.85) <0.001 —20.31(—33.25t0 —7.37) <0.001
Entire day
LPA —0.73 (-1.33t0o —0.14) 0.015 —-0.52(—1.14t00.10) 0.103 —1.19 (—1.88 to —0.50) 0.001 —1.14 (—1.84to —0.43) 0.002
MPA —0.64 (—1.35t0 0.07) 0.078 —0.73 (—1.45t0 —0.01) 0.049 —1.22(—2.48t0 0.05) 0.059 —1.33 (—2.62 to —0.05) 0.042
VPA —1.55(—4.11 to 1.00) 0.233 —1.76 (—4.34t0 0.81) 0.179  —0.19 (=3.99 to 3.61) 0.923 —0.25(—4.08 to 3.57) 0.898

Notes: The changes in outcomes are relative to an increase of 10 min of PA. Adjustment to skin color, wealth index, study/work status, having children <2 years
old, screen time, mental health, % fat mass, alcohol use, current smoking, illicit drug use, medication to sleep, and coffee ingestion.
Abbreviations: 95%CI=95% confidence interval; LPA = light physical activity (nonbouted); MPA =moderate physical activity (5-min bout); VPA = vigorous
physical activity (nonbouted).
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Table 4
Crude and adjusted association of physical activity and total sleep time according to sex (Pelotas Birth Cohort 1993, 22-year follow-up, Pelotas, Brazil).
Men Women
Crude Adjusted Crude Adjusted
B (95%CTI) p B (95%CI) 14 B (95%CTI) )4 B (95%CTI) p
Morning
LPA 1.84 (0.89 to 2.79) <0.001 2.56 (1.57 t0 3.56) <0.001 0.02 (—1.02to 1.07) 0.964 0.24 (—0.84 to 1.31) 0.667
MPA —1.08 (—2.47 t0 0.32) 0.129  —0.81 (—2.22 t0 0.60) 0.258 —0.08 (—2.37 t0 2.21) 0.943  —0.23 (—2.53 t0 2.06) 0.842
VPA 0.18 (—4.93t0 5.29) 0.944 0.87 (—4.26 to 6.00) 0.740 2.98 (—4.21t0 10.18) 0.417 2.32 (—4.85 10 9.50) 0.526
Afternoon
LPA 0.23 (—0.64 to 1.10) 0.605 0.59 (—0.31to 1.49) 0.200 —0.25(—1.16t00.67) 0.598 0.26 (—0.67 to 1.20) 0.582
MPA —0.73 (—1.67 t0 0.20) 0.125  —0.66 (—1.61 to 0.29) 0.172  —0.54 (—2.13 to 1.05) 0.506 —0.82(—2.43t00.78) 0.313
VPA —0.27 (—3.67 t0 3.13) 0.875 —0.03 (—3.45 to 3.39) 0.985  1.59(—3.32t0 6.50) 0.527  1.37(—3.53106.27) 0.583
Night
LPA —11.66 (—13.42t0 —9.91) <0.001 —11.09 (—12.81to —9.38) <0.001 —11.49(—13.22to0 —9.76) <0.001 —10.81 (—12.56to —9.05) <0.001
MPA —4.28 (—6.32t0 —2.24) <0.001 —4.28(—6.33t0 —2.22) <0.001 —8.01(—11.74t0 —4.44) <0.001 —8.38(—12.04to —4.73) <0.001
VPA —9.40 (—14.52to —4.28) <0.001 —9.31 (—14.44t0 —4.19) <0.001 —14.11(—-25.05t0 —3.17)  0.011 —15.25(—26.14to —4.36)  0.006
Entire day
LPA —0.36 (—0.85t0 0.14) 0.159  —0.14 (—0.66 t0 0.37) 0.585 —0.67 (—1.26 to —0.08) 0.026 —0.50(—1.10t0 0.10) 0.102
MPA —0.86 (—1.44 to —0.27) 0.004 —0.80(—1.40to —0.19) 0.010 —0.95(—2.02t00.12) 0.082 —1.16(—2.24to —0.08) 0.036
VPA —1.68 (—3.80 to 0.44) 0.119 —1.48(—3.61t00.65) 0.174 0.06 (—3.16 to 3.27) 0972 —0.27(—3.491t02.95) 0.868

Notes: The changes in outcomes are relative to an increase of 10 min of PA. Adjustment to skin color, wealth index, study/work status, having children <2 years
old, screen time, mental health, % fat mass, alcohol use, current smoking, illicit drug use, medication to sleep, and coffee ingestion.

Abbreviations: 95%CI=95% confidence interval, LPA =light physical activity (nonbouted); MPA = moderate physical activity (5-min bout); VPA = vigorous
physical activity (nonbouted).

Table 5
Crude and adjusted association of physical activity and sleep percent according to sex (Pelotas Birth Cohort 1993, 22-year follow-up, Pelotas, Brazil).
Men Women
Crude Adjusted Crude Adjusted
B (95%CT) P B (95%CTI) P B (95%CTI) P B (95%CTI) P
Morning
LPA 0.07 (—0.00 to 0.14) 0.056 0.07 (—0.01 to 0.14) 0.070 0.15(0.07 to 0.23) <0.001 0.15(0.07 to 0.23) <0.001
MPA —0.09 (—0.19 t0 0.01) 0.069  —0.07 (—0.17 to 0.03) 0.168 0.08 (—0.10 to 0.24) 0.386 0.06 (—0.1t0 0.23) 0.477
VPA —0.14 (—0.49 t0 0.22) 0458  —0.09 (—0.46 to 0.28) 0.636 0.24 (—0.23 t0 0.72) 0.319 0.20 (—0.27 to 0.68) 0.400
Afternoon
LPA 0.01 (—0.05 to 0.08) 0.703 0.01 (—0.01 to 0.01) 0.760 0.01 (—0.06 to 0.08) 0.763 0.09 (0.02 to 0.16) 0.012
MPA —0.09 (—0.16 to —0.02)  0.007  —0.07 (—0.14 t0 0.01) 0.038  —0.01(—0.12t0 0.11) 0915  —0.04 (—0.16 to 0.08) 0.492
VPA —0.15 (—0.38 t0 0.08) 0.205  —0.09(—0.33t0 0.14) 0.445  —0.06 (—0.43 to 0.30) 0.741 —0.11 (—0.47 t0 0.24) 0.531
Night
LPA 0.11 (—0.03 to 0.25) 0.134 0.11 (—0.03 to 0.26) 0.122 0.01 (—0.11 t0 0.14) 0.825 0.07 (—0.06 t0 0.19) 0.311
MPA —0.03 (—0.17t0 0.12) 0.701 —0.01 (—0.16 t0 0.13) 0.852 0.18 (—0.06 to 0.42) 0.141 0.16 (—0.07 to 0.40) 0.174
VPA 0.04 (—0.32 to 0.40) 0.834 0.06 (—0.29 to 0.42) 0.726 0.39 (—0.32to 1.11) 0.282 0.37 (—0.35 to 1.08) 0.318
Entire day
LPA 0.03 (—0.01 to 0.07) 0.097 0.03 (—0.01 t0 0.07) 0.110 0.03 (—0.01 t0 0.07) 0.129 0.07 (0.03t0 0.11) <0.001
MPA —0.06 (—0.11to —0.02)  0.005  —0.05(—0.09 to —0.01)  0.037 0.03 (—0.05t0 0.11) 0.423 0.01 (—0.07 to 0.09) 0.809
VPA —0.11 (—-0.26 to 0.04) 0.138  —0.07 (—0.22 to 0.08) 0.367 0.08 (—0.16 t0 0.32) 0.522 0.02 (—0.21 t0 0.26) 0.864

Notes: The changes in outcomes are relative to increase of 10 min of PA. Adjustment for skin color wealth index, study/work status, having children <2 years old,
screen time, mental health, % fat mass, alcohol use, current smoking, illicit drug use, medication to sleep and coffee ingestion.

Abbreviations: 95%CI=95% confidence interval, LPA =light physical activity (nonbouted); MPA = moderate physical activity (5-min bout); VPA = vigorous
physical activity (nonbouted).

approach in young adults, the use of objectively measured PA
and sleep outcomes.”” Laboratory-based studies evaluating
night exercise found an increase in heart rate variability, but
this did not affect the cortisol curve or sleep measures such as
duration or quality.'”**’ Surveys carried out in high-income
countries evaluating the perception of participants on the effect

of day and night exercise on sleep showed that, in general,
individuals recognized that any exercise was a behavior that
improved sleep outcomes, irrespective of the period in which
it was performed.””*' A study carried out in the United States
with telephone interviews found that morning PA increased
the odds of good sleep quality by 88% and decreased the odds
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of waking unrefreshed by 44%.'" A study with college stu-

dents in China, also with subjective measures, found that day-
time PA decreases the odds of poor sleep quality by 21%, but
no association was found with night exercise.**

There are some explanations for an inverse association
between night PA and sleep in this study. One study with 20-
to 30-year-old men tested the effect of exercise before sleep
and identified that the onset of melatonin secretion started
30 min later in exercised compared to nonexercised indivi-
duals, delaying the circadian phase. The difference between
the exercise and nonexercise groups was attenuated in the sec-
ond day and disappeared in the third day."’ This result suggests
that night PA may be harmful to sleep outcomes in the short
term but not in the long term.”” Because we analyzed our study
participants for only 1 week, we were not able to evaluate
whether individuals who regularly practiced PA at night had
normal sleep. The laboratory studies suggest the hypothesis
that, with time, the negative effect of night PA is attenuated.
This point needs to be considered in the interpretation of our
findings.

Thermoregulation may also explain the effect of PA on
sleep. PA increases body temperature, triggering the thermo-
regulation process.”* Some authors suggest that PA performed
close to sleep time may not provide enough time for the body
temperature to decrease, retarding sleep onset,** but this evi-
dence is not clear.”” Additionally, individuals who performed
PA at night may be different from those who did so in the
morning or afternoon. This may be related to work or study
schedules and aspects of lifestyle. Additional studies exploring
the influences of the period during the day in which PA is per-
formed are needed to understand these differences.

Many studies have found an association between PA and
mental health, chronic diseases, and mortality.”” *’ These
studies have found that any PA is better than none, and we
recognize the importance of PA in promoting healthy living.
In our study, PA performed at night seemed to decrease STW
and TST but had no effect on SP. This indicates that the inten-
sity of the PA and the period of the day in which it is carried
out need to be considered in order to improve sleep health.

In the present study, LPA, but not MPA or VPA, was posi-
tively associated with sleep outcomes. Data (not presented)
with bouted LPA showed no association with sleep outcomes.
The nonbouted LPA measure used in this study may represent
more general activities than those considered structured. The
literature discusses the influence of bout length on PA final
measures.”” Regarding MPA, we used a 5-min bout, as it tradi-
tionally tries to measure structured activities. Additional anal-
yses with other bout criteria for MPA (nonbouted and 10-min
bouts) did not show any associations either. The different bout
criteria may influence PA constructs captured from an acceler-
ometer and total time spent at each intensity.*® It is possible
that, regarding sleep specifically, the amount of low-intensity
daily activities is more important than the amount of time
spent on activities of moderate or high intensity. In addition,
most studies that found an association between moderate to
VPA and sleep in adults used self-reported measures in which
intensity was based on the perception of individuals.*” ' In
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a study with 54 young adults using the Fitbit Flex device,
Mead et al.”” found that PA does not influence subsequent
sleep; instead, nights with a longer than usual sleep duration
were related to PA conducted during the next day. Further-
more, the number of people who spent time in MPA and VPA
is very low in our sample. Thus, LPA seems to be the intensity
level that really makes some difference at a population level.
To improve sleep outcomes, interventions with a focus on total
diurnal movement may be an option. Future research should
explore other aspects of the association between PA and sleep,
including different intensities of PA during the day, as well as
fluctuations in its intensity. For example, if individuals with a
pattern of LPA conducted during a given period of the day
spend some time performing VPA, the VPA may have different
effects on the subsequent sleep night. Unfortunately, this kind
of analysis was not possible with our dataset.

There are other relevant aspects related the findings from
our study. While some direct associations between LPA and
sleep outcomes, as well as some inverse associations between
night PA and sleep outcomes, were found, some of these com-
parisons were not statistically significant. Nevertheless, these
comparisons can reveal possible pathways to further explora-
tion. For example, we expected to find a statistically significant
association between MPA and VPA performed during the day
and sleep outcomes because previous experimental studies (in
general, interventions with MPA and VPA) have shown that
these types of exercise may increase slow wave sleep and
decrease Stage 1 sleep, resulting in a more restorative
night.'>'”** This relationship seems to be direct and should be
studied further. In addition, no association was found between
any daytime PA and STW. Although our findings were not sta-
tistically significant, they are relevant because they show that
diurnal PA is at least not harmful to sleep.

This study has some limitations that should be highlighted.
First, we used automatic detection for sleep variables. One
review recommends using sleep logs to guide accelerometry
sleep analysis in order to reduce classification errors.”
Although this procedure may improve final estimates, its appli-
cation in large samples may reduce the adherence to the acceler-
ometry protocol or increase the loss of information. Thus, we
opted to use an automatic detection algorithm for sleep to
balance data quality and logistical considerations.”> Second, the
absence of chronotype classification is another important limita-
tion. An individual’s chronotype may influence that person’s
preferences in performing PA or in choosing sleep time. How-
ever, we believe that this limitation had a low impact on our
results since we excluded those who worked or studied during
the night. Third, because we only had participant data from 1
week, we could not evaluate whether the negative association of
night PA and sleep remained after the participants adapted, as
previous studies have suggested.”’ Fourth, although we have
examined the association of PA with the subsequent sleep night,
it is possible that individuals with chronic sleep problems are
less likely to carry out PA, resulting in reverse causality. This
may be more likely with regard to LPA given that LPA does not
necessarily include exercise but does include daily activities.
Thus, individuals with poor sleep may have had more
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movement both at night and during the day. Finally, we analyzed
around 40% of the original cohort (2006 out of 5249 individuals).
However, there were no differences between the samples ana-
lyzed and original cohort regarding sociodemographic variables
(Supplementary Table 1), which suggests that the analyzed
individuals were similar to the original cohort members, and
results are probably free of bias regarding this topic.

This study also has some notable strengths. First, our study
was conducted using a population-based sample living in a
middle-income country where studies on this topic are scarce.
Those living in higher income countries potentially have dif-
ferent PA and sleep patterns, thus providing new insight into
the sleep characteristics of this particular population. Further-
more, the use of objective measures of both PA and sleep
make the results more robust, and analysis using daily accele-
rometry allowed us to verify important aspects of PA. Finally,
our findings suggest that the magnitude and direction of the
association between PA and sleep are related to the period
when PA is performed.

5. Conclusion

Daytime LPA is important to sleep outcomes. PA practiced
at night may be harmful to sleep in the short term. Therefore,
for better sleep health, the practice of daytime PA should be
recommended.
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