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Abstract 

Objective: to investigate the association of morning and evening physical exercise with sleep quality (duration, latency, 
awakenings, and self-perceived sleep quality) and insomnia, depending on the chronotype. Methods: Participants 
(n=2,050; 18-65y) were part of a population-based research, with virtual data collection. Multiple logistic regression 
models were conducted to analyze the association of physical exercise (yes/no; frequency; morning/evening) with sleep 
variables (outcome), among all participants and according to chronotype. Linear regression analysis assessed 
differences in sleep duration, latency, and nocturnal awakenings (outcomes) associated with physical exercise variables. 
Multiple analyzes were adjusted for age, sex, diet quality, BMI, smoking, and evening alcohol consumption. Results: 
Participants who performed physical exercise had better sleep parameters and its practice in the morning was 
associated with shorter sleep latency among early (OR=-0.49; 95%CI=0.25;0.94; p<0.05) and late chronotypes (β=-15.10; 
95%CI=-28.39;-1.81; p<0.05). There was no effect of exercising in the evening among intermediate and late 
chronotypes, however, among early types, it was associated with a higher frequency of awakenings (OR=1.78; 
95%CI=1.06;2.96; p<0.05) and insomnia (OR=1.91; 95%CI=1.04;3.53; p<0.05). Conclusions: Such findings suggest the 
need to consider chronotypes, along with existing recommendations for sleep hygiene and circadian hygiene, in clinical-
epidemiological physical activity strategies focused on promoting sleep quality and circadian health. 
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INTRODUCTION  

The Sleep Foundation recommends that adults sleep between 7 and 9h each night[1] and, along with 

duration, sleep latency of up to 30 minutes and up to 1 awakening after sleep onset are also sleep quality 

indicators[2]. 

Nevertheless, within contemporary society, issues associated with sleep have emerged as a significant 

concern for public health, garnering frequent attention in clinical settings. Approximately one-third of the 

global populace is believed to suffer from inadequate sleep[3]. Chronic insomnia, constituting the 

prevailing sleep disorder, affects about 10% of the worldwide population[4]. 

While a multitude of elements are included in sleep hygiene guidelines, the consistent engagement in 

physical activity is underscored in all recommendations and approaches designed to prevent and/or assist 

in the adjunctive treatment of sleep disorders[5]. Many aspects associated with physical exercise have 

been suggested to enhance sleep quality, such as elevating body temperature prior to bedtime, improving 

vagal modulation, altering cortisol secretion, and boosting mood[6]. 

However, although exercising at any time during the day may enhance sleep quality when compared to a 

lack of exercise[7], numerous experts view evening exercise, particularly if performed very close to 

bedtime, as a possible trigger for sleep disturbances. They hypothesize that morning exercise might yield 

superior effects on sleep[8]. 

Recent chronobiological research suggests that besides being an important zeitgeber (from the German 

zeit, "time" and geber, "giver") of the circadian system, exercising in the early hours of the day could 

increase the amplitude of biological rhythms, make them less fragmented, improve circadian rhythms of 
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body temperature and anticipate the Dim Light Melatonin Onset 

(DLMO). On the other hand, its evening practice could cause rhythms 

more fragmented, with less amplitude, and delay the midpoint of sleep 

from 3:00-4:00 (more restful sleep) to 6:00-7:00, increasing 

awakenings and leading to less restful sleep[9,10]. 

This team is still under debate and with controversial results in the 
literature. Some studies emphasize that exercise, regardless of the 
timing, results in prolonged non-rapid eye movement (NREM) sleep 
without affecting overall sleep quality. Such studies recommend that, 
given the vital role of exercise in promoting good health, sleep hygiene 
guidelines should encourage physical activity at any time of the day 
[8,11,12]. 

In this controversy, new insights have been provided by 
chronobiological research, which has suggested that the effects of 
evening exercise may be different according to individual circadian 
characteristics, determined by the chronotype [13-15]. 

Chronotypes describe an individual's sleep-wake schedule and can be 
classified, by the midpoint of sleep, into early/morning, intermediate, 
or late/evening types[16]. It reflects individual variations in the 
allocation of their circadian rhythms in relation to the 24-hour 
environmental cycles, which are expressed in the preferences of sleep 
schedules and the optimization for the development of different 
activities, including physical exercises, at certain times of the day[17]. 
For instance, individuals classified as early-types tend to go to bed and 
wake up very early, engaging in activities during the morning. In 
contrast, late-types prefer going to bed and waking up very late, 
engaging in activities during the evening[16]. These variances could 
result in distinct effects of morning and evening exercises on each 
specific type[13-15]. 

Nonetheless studies on the relationship between exercise time and 
sleep according to chronotypes are worldwide scarce, and, to our 
knowledge, there are no previous epidemiological studies, especially 
population-based ones, in Brazil. 

Therefore, using data from the first national survey with a 
chronobiological focus on sleep, nutrition and health[18-20], our study 
aimed to: 1. Investigate the association of physical exercise with sleep 
quality (duration, latency, awakenings, and self-perception of quality) 
and insomnia and, 2. Verify the association of morning and evening 
physical exercise with sleep, depending on the chronotype. 

Our main hypotheses were that (1) exercise would be positively 
associated with better sleep quality indicators; (2) evening exercise 
would be associated with worse indicators of sleep quality and 
insomnia among early chronotypes, but not among late and 
intermediate types, and (3) morning exercise would be associated with 
better sleep quality and lower odds of insomnia, regardless of the 
chronotype. 

METHODS 

Study design and population 

This study was carried out with data from the first and second stages of 
the SONAR-Brazil Survey, which aims to investigate chronobiological 
aspects 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=2 140). After excluding participants who declared 
being shift workers [n=90] the final sample totalized 2 050 non-
pregnant Brazilian adults[18].  

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 2 050 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[18]. 

Recruitment took place between August 2021 and September 2022 
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 statistical software STATA 13 statistical software (Stata 
Corporation) for statistical analyses. The link to the online 
questionnaire was disseminated in several ways: referral of health 
professionals' reports in newspapers/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[18].. 

Sleep traits and circadian parameters  

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[18-20]. 

Sleep duration (in hours) was calculated as the difference between 
bedtime and wake-up timing[18-20]. We also calculated the midpoint of 
sleep on weekdays and weekends, defined as the middle time point 
between bedtime and wake-up timing[18-20].  

The average weekly sleep duration, wake-up time, bedtime, and the 
midpoint of sleep were calculated as follows: [(5 × sleep 
duration/wake-up time/bedtime/midpoint of sleep on weekdays) + (2 
× sleep duration/wake-up time/bedtime/midpoint of sleep on 
weekends)]/7[18-20].  

Sleep latency was investigated by asking: ‘During the past month, how 
long (in minutes) has it usually taken you to fall asleep each night?' and 
nocturnal awakenings by: "How many times do you wake up during the 
night, after sleep onset?'. 

Considering the cutoff points established by the American Sleep 
Foundation for classifying sleep quality indicators, sleep variables were 
categorized into sleep duration <7 or ≥7 h/night, sleep latency ≤30 or > 
30 min/night and awakening nocturnal ≤1 or >1/night[2,18]. 

Self-perception of sleep quality was investigated based on the 
question: "How do you rate the quality of your sleep?", with the 
possible answers: very good, good, poor, very poor. We considered 
poor sleep quality for those who answered poor or very poor[18]. 

Finally, participants were also asked about the diagnosis of insomnia. 
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Chronotypes 

We adopted the “midpoint of sleep on free days corrected for sleep 
extension on free days (MSFsc)” as an indicator of chronotype, which is 
proposed to clean the chronotype of the confounder sleep debt[21]. For 
participants whose sleep duration on free days was longer than 
workdays, 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 workdays, due to the sleep 
debt accumulated over the workweek, the corrected midpoint of sleep 
was applied, and calculated as follows: [bedtime on free days + (weekly 
average sleep duration/2)][18,21,22]. 

The 25th and 75th percentiles of MSFsc values were computed. 
Participants with MSFsc values below the 25th percentile were 
categorized as early-chronotype, those with values above the 75th 
percentile were classified as late-chronotype, and individuals with 
values falling between these percentiles were designated as 
intermediate-chronotype [23,24]. 

Physical Exercise 

The practice of physical exercise, frequency, and time-of-day were 
investigated based on the following questions: 1. "Do you practice 
physical exercise or sport (of moderate or vigorous intensity)?" (e.g.: 
Walking, treadmill walking, bodybuilding, hydro gymnastics, 
gymnastics in general, swimming, martial arts and fighting, cycling, 
volleyball/football, dance, running, treadmill running, aerobics, 
soccer/futsal, basketball and/or tennis); 2. "On which day(s) of the 
week do you practice physical exercise or sport?"; 3. What is the 
duration (minutes) on each day of practice?; and 4. "Which time-of-day 
of the day do you usually practice it?", and possible answers were: 
morning (5:00 to 12:00), afternoon (12:00 to 18:00), and/or evening 
(after 18:00)[18]. 

From these questions, the weekly frequency (mean of the number of 
days in the week) and weekly duration (weekly frequency x duration on 
each day of practice) were calculated. 

Lifestyle traits  

Screen time per day was 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?". 

Food consumption was investigated using a food frequency 
questionnaire comprising 19 food/preparation categories, for which 
participants selected the frequency of weekly consumption: 'never', 
'sometimes (1-3 days/week)', 'almost always (4-6 days/week)' or 
'always (6-7 days/week)'. We evaluated the diet quality score based on 
the Food Guide for the Brazilian Population as proposed in a previous 
study[18-20]. 

For anthropometric evaluation, the BMI [weight(Kg)/height)m)²] was 
calculated, based on self-reported weight and height[18-20].  

Some other details of the survey questionnaire concerning other 
covariates including sex, marital status, smoking, and evening alcohol 
consumption (after 18:00), were also included in our study. 

Statistical analyses  

To assess the differences between groups of participants categorized 
according to the chronotype (early/intermediate/late) in their 
characteristics, the ANOVA test (for continuous variables) and the chi-
square test (for categorical variables) were performed. 

Independent adjusted logistic regression models were conducted to 
assess OR and 95%CI differences in sleep duration (≤7h or >7h), sleep 
latency (>30min or ≤30min), poor sleep quality (poor or good), 
awakenings (>1 or ≤1/night), and insomnia (yes or no) (as outcomes) 
with the physical exercise variables (yes or no; days/week; morning or 
evening). 

Linear regression analyses (β and 95%CI) evaluated differences in sleep 
duration (h), sleep latency (min), and awakenings (n) (as outcomes) 
associated with the same exercise variables. 

To verify associations between physical exercise in the morning (5:00-
12:00) and in the evening (after 18:00) with sleep outcomes, analyses 
were conducted with all participants and, subsequently, with each 
chronotype (early/intermediate/late). 

All multiple analyzes were adjusted for age, sex, diet quality, BMI, 
smoking, and evening alcohol consumption. A P value ≤0.05 was 
considered statistically significant. 

RESULTS  

Of the 2 050 Brazilian adults [34 years old (18 to 65); 73% women] who 
participated in the study, 22% slept <7h, 35% reported 
awakenings>1/night, 27% reported latency>30min, 26% had insomnia 
and 30% poor self-perception of sleep quality. The practice of physical 
exercise was reported by 67%, with an average weekly duration of 194 
(±215) min. Most of the participants reported exercising in the morning 
(33%), followed by the evening (28%) and afternoon (21%) (Table 1). 

Table 1 also presents the characterization of the population according 
to chronotype. Early-types had a higher prevalence of good diet quality 
(36%, versus intermediate: 33% and late: 25%), lower evening alcohol 
consumption (37%, versus intermediate: 50% and late: 58%), and 
smoking (~3%, versus intermediate: 5% and late: 12%) (all p<0.001). 

Except for sleep duration, variables related to sleep quality showed 
significant differences (p<0.001) when comparing groups. Early-types 
presented a higher frequency of awakenings, however, presented the 
shortest sleep latency (a difference of 20 minutes between late-types). 
Late-types were the ones with the highest prevalence of insomnia and 
poor sleep quality, about 37% (versus early: 23% and intermediate: 
22%) and 39% (versus early: 31% and intermediate: 25%), respectively 
(Table 1). 

Regarding the practice of physical exercise, the late-types were more 
sedentary. In addition to 38% not exercising (versus early: 34% and 
intermediate: 31%), screen time duration was also the highest (all with 
p<0.05), however, there was no difference in duration and frequency 
of physical exercise between groups (Table 1). 

Among exercisers, the prevalence of the practice in the morning was 
higher among early-types and in the evening, it was higher among late-
types. While ~40% of early-types exercised in the morning (versus 
intermediate: ~34% and late: ~23%), ~34% of late-types exercised in 
the evening (versus early: ~20% and intermediate: ~29%) (p<0.001) 
(Table 1). 
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Table 1: Characteristics of the participants according to their chronotypes (n=2050) 

  
Chronotype P value* 

 
Total Early Intermediate Late 

 

Total 2 050 (100)  490 (23.90)  1.076 (52.49)  484 (23.61) 
 

Sex, % female 1 498 (73.07) 359 (73.27) 813 (75.56)c 326 (67.36)c 0.003 

Age, y  34.32 (11.59)  37.94 (11.72)ab 34.48 (11.37)ac 30.30 (10.63)bc <0.001 

Marital Status 
     

    Married/Living with Partner,% 793 (38.68) 257 (52.45)ab 433 (40.24)ac 103 (21.28)bc <0.001 

BMI, kg/m2 25.14 (5.03) 25.60 (5.07)a 24.94 (4.78)a 25.12 (5.50) 0.055 

Diet quality (score) 35.32 (4.55) 35.97 (4.58)b  35.41 (4.50)c 34.44 (4.53)bc <0.001 

     Low (1st tertile),% 699 (34.10) 128 (26.12)ab  369 (34.29)ac  202 (41.74)bc <0.001 

     Intermediate (2d tertile),% 700 (34.15) 184 (37.55)ab 353 (32.81)ac 163 (33.68)bc 
 

     Good (3d tertile),%  651 (31.76)  178 (36.33)ab 354 (32.90)ac 119 (24.59)bc 
 

Screen Time, m/day 211.84 (157.37) 172.12 (125.90)ab 205.06 (151.57)ac 267.12 (181.96)bc <0.001 

Non-Smokers,% 1 926 (93.95) 473 (96.53)b 1027 (95.45)c 426 (88.02)bc <0.001 

Evening alcohol,% 996 (48.59) 181 (36.94)ab 534 (49.63)ac 281 (58.06)bc <0.001 

Sleep traits 
     

Bedtime,hh:mm  23.33 (1.31) 22.16 (0.95)ab  23.21 (0.81)ac 24.76 (1.19)bc <0.001 

Waketime,hh:mm 7.12 (1.36) 5.89 (0.83)ab 7.02 (0.84)ac 8.58 (1.37)bc <0.001 

Sleep duration, h/night 7.79 (1.17) 7.72 (1.18) 7.81 (1.12) 7.82 (1.25) 0.35 

     <7h/night,% 445 (21.71) 115 (23.47) 221 (20.54) 109 (22.52) 0.37 

Nocturnal awakenings, n/night 1.30 (1.23) 1.56 (1.37)ab 1.21 (1.14)a  1.21 (1.24)b <0.001 

     >1/night,% 715 (34.88) 221 (45.10)ab 343 (31.88)a 151 (31.20)b <0.001 

Sleep Latency, m 33.47 (36.69) 28.08 (34.27)b 29.35 (30.62)c 48.10 (46.41)bc <0.001 

     >30m,% 549 (26.78) 101 (20.61)b 241 (22.40)c 207 (42.77)bc <0.001 

Insomnia, % 532 (25.95) 111 (22.65) b 240 (22.30)c 181 (37.40)bc <0.001 

Poor sleep quality, % 613 (29.90) 154 (31.43)ab 269 (25.00)ac 190 (39.26)bc <0.001 

Physical Exercise 
     

Physical exerciser, % 1 365 (66.59) 325 (66.33) 739 (68.68)c 301 (62.19)c 0.04 

Duration, min/day 194.37 (215.01) 198.76 (215.77) 193.22 (211.25) 192.47 (222.78) 0.87 

Frequency, d/week 2.69 (2.30) 2.71 (2.38) 2.76 (2.26) 2.52 (2.29) 0.15 

Timing, % 
     

    Morning (5:00-12:00) 675 (32.93) 195 (39.80)b 369 (34.29)c 111 (22.93)bc <0.001 

    Afternoon (12:00-18:00) 437 (21.32) 95 (19.39) 232 (21.56) 110 (22.73) 0.42 

    Evening (after 18:00)   573 (27.95) 96 (19.59) 313 (29.09) 164 (33.88) <0.001 

Abbreviation: BMI, body mass index. Values are shown as means ± SDs or percentages. P values are derived from the ANOVA (for continuous variables) and the chi-square test (for 
categorical variables). a = Morning vs. Intermediary; b = Morning vs. Evening; c = Intermediate vs. Evening (Bonferroni posth oc comparisons between categories. Values with the same 
superscript on the same line are significantly different). Significant P-values ≤ 0.05 are shown in bold.  

The results of the multiple logistic analyses, adjusted for age, sex, diet 
quality, BMI, smoking, and evening alcohol consumption, are shown in 
Figures 1 and 2. Among all participants, physical exercisers (compared 
to non-exercisers) had lower odds of short sleep duration (OR=0.76; 
95%CI=0.60;0.95; p=0.019], poor sleep quality (OR=0.62; 
95%CI=0.51;0.76; p<0.001), awakenings >1/night (OR = 0.76; 

95%CI=0.62;0.93; p=0.009) and sleep latency >30 min (OR=0.77; 
95%CI=0.63;0.96; p=0.019). Higher weekly exercise frequency also 
demonstrated a protective effect for insomnia, poor sleep quality, 
awakenings, and sleep latency, and the exercise in the morning 
reduced the odds of insomnia by 28% (95%CI=0.54;0.95; p=0.025) 
(Figure 1). 
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Variables  Adjusted OR (IC 95%) P Value* 

    

SLEEP DURATION (<7h/night) 

 

  

Physical exerciser 0,76 (0.60; 0.95) 0.019 

Exercise Frequency, d/week 0.98 (0.94; 1.03) 0.629 

Morning exercise (5:00-12:00) 1.07 (0.80; 1.44) 0.628 

Evening exercise (>18:00) 1.11 (0.84; 1.46) 0.457 

   

INSOMNIA   

Physical exerciser 0.84 (0.68; 1.04) 0.116 

Exercise Frequency, d/week 0.94 (0.90; 0.99) 0.020 

Morning exercise (5:00-12:00) 0.72 (0.54; 0.95) 0.025 

Evening exercise (>18:00) 1.15 (0.89; 1.50) 0.260 

   

POOR SLEEP QUALITY   

Physical exerciser 0.62 (0.51; 0.76) 0.000 

Exercise Frequency, d/week 0.90 (0.86; 0.94) 0.000 

Morning exercise (5:00-12:00) 0.80 (0.61; 1.06) 0.128 

Evening exercise (>18:00) 1.20 (0.93; 1.54) 0.144 

   

AWAKENINGS (>1/night)   

Physical exerciser 0.76 (0.62; 0.93) 0.009 

Exercise Frequency, d/week 0.93 (0.89; 0.97) 0.003 

Morning exercise (5:00-12:00) 0.84 (0.65; 1.09) 0.205 

Evening exercise (>18:00) 1.08 (0.85; 1.37) 0.501 

   

SLEEP LATENCY (<30min)   

Physical exerciser 0.77 (0.63; 0.96) 0.019 

Exercise Frequency, d/week 0.94 (0.90; 0.98) 0.014 

Morning exercise (5:00-12:00) 0.66 (0.50; 0.88) 0.005 

Evening exercise (>18:00) 1.03 (0.79; 1.33) 0.806 

   

 
Significant P-values ≤ 0.05 are shown in bold. 

Figure 1: Multiple logistic regressions analyzing the association of physical exercise and sleep outcomes. Data are presented as OR (95% CI) and multiple models are 
adjusted for age, sex, diet quality, BMI, smoking, and evening alcohol consumption (n=2 050). 

In the early-type group, morning exercises (compared to early-types 
that exercised at other time-of-day) had 53% (95%CI=0.25;0.87; 
p=0.01) lower odds of having insomnia, 51% lower odds of >1 
awakening/night (CI95%=0.30;0.80; p=0.005) and of sleep latency> 
30min (95%CI 0.25;0.94; p=0.03). On the other hand, early-types who 
exercised in the evening (compared to early-types that exercised at 
other time-of-day) had 91% higher odds of having insomnia 
(95%CI=1.04;3.52; p=0.03) and 78% higher odds of >1 awakening/night 
(95%CI=1.06;2 .96; p=0.02) (Figure 2). 

  In the late-type group, those who exercised in the morning (compared 
to late-types that exercised at other time-of-day) were 48% less likely 
to report sleep latency>30min (95%CI: 0.27;1.00; p=0.05) (Figure 2). 

Among the intermediates-types, the time-of-day of physical exercise 
was not associated with any of the sleep variables, nor was there an 
association between evening exercise and sleep among the late-types 
participants (Figure 2). 

Linear regression models are shown in Table 2. After adjusting for age, 
sex, diet quality, BMI, smoking, and evening alcohol consumption, 
participants who practiced physical exercise (compared to non-
exercisers) had an increase in sleep duration (β=0.11; 95%CI=0.00;0.22; 

p=0.03), and a reduction in awakenings (β=-0.19; CI95%=-0.31;-0.08; 
p=0.001) and sleep latency (β=-5.58, 95%CI=-9.02;-2.14; p=0.001). For 
each additional day of weekly exercise, there was a decrease in both 
awakenings (β=-0.04; 95%CI=-0.06;-0.01; p=0.001) and sleep latency 
(β=-1 .00; CI95%=-1.71;-0.29; p=0.004).  

Among all participants, while the exercise in the morning decreased 
the sleep latency by 5.97min (CI95%=-9.85;-2.09; p=0.003), the 
exercise in the evening increased it by 3.73min (95%CI=0.09;7.37; 
p=0.04) (Table 2). 

This effect of morning exercise on sleep latency remained in the 
analysis conducted among late-types exercisers (compared to late-
types that exercised at other time-of-day), with an even greater 
reduction, about 15.10min (95%CI=-28.39;-1.81; p=0.02). (Table 2). 

Among early-types, those who exercised in the morning (compared to 
early-types that exercised at other time-of-day) had a reduction in the 
frequency of nocturnal awakenings (β=-0.30; 95%CI=-0.59;-0.22; 
p=0.03), while those who practiced in the evening (compared to early-
types that exercised at other time-of-day) had an increase in their 
occurrence (β=0.36; CI95%=0.05;0.67; p=0.021) (Table 2).
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       Abbreviation: M, Morning; E, evening. * P-values derived from multiple logistic models are significant (≤ 0.05). 

 
Figure 2: Multiple logistic regressions analyzing the association of morning and evening physical exercise with sleep outcomes according to chronotypes¹. Data are presented as OR (95% CI) and models are adjusted for age, sex, diet 

quality, BMI, smoking, and evening alcohol consumption. ¹ Physical exercisers with early chronotype (n=325); Physical exercisers with intermediate chronotype (n=739); Physical exercisers with late chronotype (n=301). 
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Table 2: Multiple linear regressions analyzing the association of physical exercise with sleep according to chronotype. Data are presented as the coefficient of β (95% CI), and multiple models are adjusted for 
age, sex, diet quality, BMI, smoking, and evening alcohol consumption. 
 

 Sleep Duration (h) Awakenings (n/night) Sleep Latency (min) 

 Unadjusted 
β (95% CI) 

P value* Adjusted 
β (95% CI) 

P value* Unadjusted 
β (95% CI) 

P value* Adjusted 
β (95% CI) 

P 
value* 

Unadjusted 
β (95% CI) 

P 
value* 

Adjusted 
β (95% CI) 

P value* 

All Participants 
            

Pratice, yes¹ 0.10 (-0.00; 0.21) 0.05 0 .11 (0.00; 0.22) 0.03* -0.27 (-0.39; -0.16) <0.001  -0.19 (-0.31; -0.08) 0.001* -7.39 (-10.75; -4.03) <0.001 -5.58 (-9.02; -2.14) 0.001* 

Frequency, d/week¹ 0 .00 (-0.02; 0.02) 0.99 0.00 ( -0.02; 0.02) 0.81 -0.06 (-0.08; -0.03) <0.001 -0.04 (-0.06; -0.01) 0.001* -1.34 (-2.03; -0.65) <0.001 -1.00 (-1.71; -0.29) 0.006* 

Morning (5:00-12:00)² -0.08 (-0.21; 0.04) 0.21 -0.09 (-0.22; 0.03 0.15 0.01 (-0.11; 0.14) 0.82 -0.08 (-0.21; 0.05) 0.22 -5.84 (-9.65; -2.02) 0.003 -5.97 (-9.85; -2.09) 0.003* 

Evening (>18:00)² -0.03 (-0.16; 0.08) 0.53  -0.02 (-0.14; 0.09) 0.66 0.01 (-0.10; 0.14) 0.79 0.07 (-0.05; 0.19) 0.24 4.20 (0.59; 7.81) 0.02 3.73 (0.09; 7.37) 0.04* 

Early Chronotype³ 
           

Morning (5:00-12:00) -0.06 (-0.30; 0.18) 0.61 -0.05 (-0.30; 0.18) 0.63 -0.21 (-0.49; 0.07) 0.14 -0.30 (-0.59; -0.02) 0.03* -4.31 (-11.21; 2.57) 0.21 -5.38 (-12.37; 1.60) 0.13 

Evening (>18:00) 0.02 (-0.23; 0.29) 0.85 0.02 (-0.24; 0.29) 0.86 0.30 ( -0.00; 0.61) 0.056 0.36 (0.05; 0.67) 0.02* 3.73 (-3.76; 11.23) 0.32 3.90 (-3.69; 11.49) 0.31 

Intermediate Chronotype4 

Morning (5:00-12:00) -0.01 (-0.18; 0.15) 0.89  -0.06 (-0.23; 0.10) 0.47 0.04 (-0.13; 0.21) 0.64 -0.02 (-0.19; 0.15) 0.81 0.95 (-3.13; 5.03) 0.648 -0.02 (-4.16; 4.12) 0.99 

Evening (>18:00) -0.13 (-0.29; 0.02) 0.08 -0.10 ( -0.26; 0.05) 0.19 0.01 (-0.14; 0.17) 0.86 0.05 (-0.11; 0.21) 0.52 -1.44 (-5.30; 2.41 0.46 -1.01 (-4.89; 2.86) 0.60 

Late Chronotype5 
           

Morning (5:00-12:00) -0.23 (-0.60; 0.13) 0.21 -0.19 (-0.55; 0.17) 0.31 0.07 (-0.26; 0.41) 0.66 -0.08 (-0.41; 0.23 0.59 -14.23 (-27.34; -
1.12) 

0.03* -15.10 (-28.39; -
1.81) 

0.02* 

Evening (>18:00) 0.04 (-0.24; 0.33) 0.75 0.11 (-0.17; 0.39) 0.43 -0.06 (-0.32; 0.19) 0.61 -0.04 (-0.29; 0.20) 0.73 7.49 (-2.74; 17.72) 0.15 5.81 (-4.49; 16.11) 0.26 

*Significant P-values ≤ 0.05 are shown in bold. 

Abbreviations: CI, Confidence Interval. ¹all participants (n=2 050); ²all physical exercisers (n=1 365); ³ physical exercisers with early chronotype (n=325); 4physical exercisers with intermediate chronotype (n=739); 5Physical exercisers with late chronotype (n=301). 



 

 

71 

DISCUSSION 

As far as we are aware, this is the first study to investigate the 
association between physical exercise and sleep among the general 
Brazilian adult population, and also the first to consider the chronotype 
in the analysis of the effects of performing physical exercise in the 
morning and in the evening. 

Late chronotype associated with sleep impairments (later bedtimes, 
poorer sleep quality, and insomnia) and corroborating our hypotheses, 
participants who practiced physical exercise were less likely to have 
short sleep duration, self-perception of poor sleep quality, more than 
one awakening per night and sleep latency longer than 30 minutes. 
Among physical exercisers, those who exercised in the morning had 
28% lower odds of having insomnia, and a ~6min reduction in sleep 
latency, and, among those who exercised in the evening, the sleep 
latency was ~ 4min longer.  

Indeed, the protective effect of physical exercise on sleep has already 
been elucidated in different geographic and socioeconomic 
scenarios[25,26] and the association of exercising close to bedtime with 
longer sleep-onset latency was also reported previously[8]. 

However, the main insight of our findings was the different effects of 
the period of exercise on sleep according to chronotypes. Morning 
exercise was the ideal time, both in the early and late chronotypes. For 
the late-types, the exercise in the morning was associated with shorter 
sleep latency. Among the early-types, the sleep latency, the frequency 
of awakenings, and the odds of having insomnia were lower when they 
exercised in the morning, however, awakenings and insomnia were 
more frequent when they exercised in the evening. And no effect was 
observed among intermediate-types. 

Despite the effect of physical exercise on the regulation of the 
circadian system has not yet been sufficiently studied, some have 
shown that morning or early afternoon exercises advance, while 
evening exercises significantly delay the phases of internal circadian 
hormonal rhythms[9,27-30]. 

Especially in individuals with a late chronotype, an advance in the 
internal circadian rhythm would better align the internal rhythms with 
the environment and social schedules, which would reflect on the 
advance of sleep, substantially mediated by the anticipation of 
melatonin secretion. 

Corroborating our study, a clinical trial with 52 young adults 
demonstrated that the effect of the time-of-day of exercise was 
influenced by the chronotype of the participants. The researchers 
measured the dim light melatonin onset and found that among late 
chronotypes, exercises both in the morning and evening induced phase 
advances (0.54±0.29hours and 0.46±0.25 hours, respectively). In 
contrast, early-types had phase advances with morning exercise (0.49 ± 
0.25 hours) but delays with evening exercise (–0.41±0.29 hours)[14]. 

Another investigation among college students showed that late 
chronotypes reported later bedtime, longer sleep latencies, and poorer 
sleep quality, compared to early/intermediate chronotypes, and the 
chronotype moderated the relationship between exercise timing and 
sleep impairments[15]. 

Furthermore, more intense exercise close to bedtime could 
compromise the feeling of drowsiness by increasing cortisol and 
adrenaline levels, and body temperature and in turn, increase sleep 
latency, delay bedtime, and compromise its duration, due to the 
difficulty of sleep compensating in the morning to attend social and 
work/study demands[10]. 

In summary, our results, in line with previous studies, reaffirm that an 
active lifestyle could be considered a useful tool to improve sleep and 

reduces sleep problem. Secondarily, the demonstrated positive effect 
of exercising in the morning, suggests that the exercise schedule seems 
effective in changing the phase of the internal circadian rhythm and, 
therefore, has the potential to reduce exposure to circadian 
misalignment and positively influence sleep indicators[14,15]. 

Strengths and Weaknesses 

Our study possesses several limitations, beginning with the utilization 
of self-reported questionnaires, which are susceptible to 
underreporting or misreporting. Additionally, the investigation of sleep 
domains relied on precise questions, with the questionnaire specifying 
that responses should reflect recent behaviors (last month). To ensure 
data closely aligned with typical behavior, the questionnaire 
differentiated between weekdays (work/study days) and weekends 
(free days)[31].  

Additionally, we recognize as limitations the absence of the specific 
physical exercise clock time and the subjective self-reported habitual 
sleep, however, self-reports were considered valid for large-scale 
studies[32]. 

At last, even though we adjusted for sociodemographic, diet-related, 
and lifestyle variables, it is important to acknowledge a fundamental 
limitation inherent to cross-sectional studies. The direction of the 
relationship and potential causal pathways can only be hypothesized in 
such study designs. 

CONCLUSION 

Our findings point to the need for personalized prescriptions of 
physical exercise schedules based on circadian phenotypes. Late 
chronotypes, who experience the most severe circadian misalignment, 
showed sleep benefits from exercising in the morning and had no 
impairment from exercising in the evening. On the other hand, evening 
exercise negatively influenced nocturnal awakenings and insomnia in 
early chronotypes.s 

Given the above, we expect that our findings support evidence 
indicating the need to consider interindividual variations determined 
by chronotypes, along with existing recommendations for sleep 
hygiene and circadian hygiene, in clinical-epidemiological physical 
activity strategies focused on promoting sleep quality and circadian 
health, as well as on the prevention and treatment of insomnia. 
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