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Abstract
The current study focused on investigating the relationship between level and timing of physical activity and 
sleep quality and hygiene in healthy individuals. This cross-sectional study design recruited 175 participants (male: 
98, 56%, female: 77, 44%, and BMI: 23.87 ± 3.92) aged between 18 and 65, 157 of whom were physically active 
and 18 of whom were physically inactive. The study recruited healthy participants from various sports facilities, 
fitness centers, and walking parks to ensure a diverse sample of physically active individuals in a metropolitan 
city. The study excluded people with sleep disorders, rheumatoid arthritis, heart or neurological problems, and 
those who had shift work. The study employed the Demographic Information Form, International Physical Activity 
Questionnaire (Short Form), Pittsburgh Sleep Quality Scale, and Sleep Hygiene Questionnaire. A one-way MANOVA 
was employed to compare sleep quality and hygiene in different physical activity levels. A second MANOVA 
compared sleep quality and hygiene in different physical activity timing, including only the minimally active and 
very active participants. One-way MANOVA showed a significant difference F (4, 171) = 7.532, Pillai’s trace = 0.161, 
partial eta squared = 0.081 between sleep quality and hygiene scores among inactive, minimally active, and very 
active participants. A post hoc analysis showed sleep quality was significantly better in minimal active (6.42 ± 2.55, 
p = 0.002, Cohen’s d = 0.867) and very active participants (5.99 ± 2.29, p < 0.001, Cohen’s d = 1.092) than inactive 
(8.61 ± 2.50) participants. Also, sleep hygiene was significantly better in minimal active (28.50 ± 6.74, p = 0.001, 
Cohen’s d = 0.867) and very active participants (29.52 ± 6.56, p < 0.001, Cohen’s d = 0.992) than inactive (36.05 ± 8.39) 
participants. The one-way MANOVA revealed no statistically significant differences in sleep quality and hygiene 
scores based on physical activity time. Our study showed that physically active individuals had significantly better 
sleep quality and hygiene scores, while there was no difference based on the timing of physical activity. Healthy 
individuals may be encouraged to participate in physical activity in the morning, afternoon, or evening to improve 
sleep parameters.
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Introduction
Sleep and physical activity are crucial for maintaining 
good health [1]. Insufficient sleep and low levels of physi-
cal activity can have detrimental effects on human health 
[2]. On the other hand, people who exercise regularly 
have better sleep and overall health [3]. Due to changes 
in lifestyle and behavior, individuals are particularly vul-
nerable to sleep deprivation and physical inactivity [4]. 
Getting less than the recommended amount of sleep 
[5] and physical activity [6] is independently associated 
with adverse health outcomes. Poor sleep is associated 
with insulin resistance [7], cardiovascular problems [8], 
immune system dysfunction [9], impaired brain function, 
and memory consolidation [10]. An inactive lifestyle is 
associated with various health issues, including insulin 
resistance, metabolic syndrome [11], obesity, high blood 
pressure [12], abdominal fat accumulation, poor health-
related quality of life, pulmonary and cardiovascular 
problems [13], immune system problems, and sleep dis-
orders such as insomnia and sleep apnea [14].

There is a bidirectional relationship between sleep 
and physical activity, meaning that physical activity 
affects sleep outcomes or vice versa [15]. There is evi-
dence that low to moderate-intensity physical activ-
ity improves objective and subjective sleep parameters 
[16, 17], although some publications suggest otherwise 
[18]. Physical activity may enhance sleep outcomes by 
inducing stress psychophysiology and increasing sympa-
thetic activity, heart rate, cortisol levels, and core body 
temperature [19, 20]. It has been proposed that physi-
cal activity during the daytime may enhance sleep qual-
ity by increasing perceived fatigue [18]. Furthermore, a 
restorative night’s sleep may facilitate increased physical 
activity the following day [21]. Another important issue 
between physical activity and sleep is the timing of physi-
cal activity [22]. Engaging in vigorous physical activ-
ity late at night can negatively affect sleep by increasing 
sleep onset latency (SOL) and decreasing non-rapid eye 
movement (NREM) sleep [23]. It was recommended to 
avoid vigorous exercise less than 3  h before bedtime to 
maintain sleep parameters [14]. Sleep quality is a param-
eter that refers to the extent to which an individual expe-
riences a comfortable and restful sleep during the night, 
resulting in a refreshed state upon waking in the morning 
[24]. Sleep hygiene, a crucial aspect of sleep, focuses on 
preventing individual behaviors that disrupt or interfere 
with regular sleep patterns [25]. Sleep can be influenced 
by multiple factors, including diet [26], internet addiction 
[27], shift work [28], and more. This study will focus on 
the perception of sleep parameters regarding the percep-
tion of physical activity level and time perspective.

Contrary to current physical activity guidelines, there 
is growing evidence that the time of physical activity does 
not negatively affect sleep quality and hygiene [29–31]. 

In modern society, early morning or late evening exer-
cise is often the most convenient for people’s schedules 
[32]. However, sleep hygiene guidelines [14] recommend 
avoiding vigorous exercise in the last 3 h before bedtime 
to avoid possible sleep disturbance. It is also recom-
mended that morning exercise be encouraged because 
of its beneficial effects on objective or subjective sleep 
parameters [33]. On the other hand, two recent meta-
analyses emphasize that late-night exercise is unlikely to 
affect subjective perceptions of sleep quality or objec-
tive characteristics of sleep architecture [23, 34]. Because 
of the controversy between sleep guidelines and recent 
evidence, there is still a need to establish clear associa-
tions between levels and times of physical activity and 
sleep parameters. The aim of this study was to ascertain 
whether there were differences in the perception of sleep 
quality and hygiene of participants according to the level 
and timing of their perception of physical activity. We 
hypothesized that physically active individuals would 
have better sleep quality and hygiene scores than inactive 
individuals. We also hypothesized that sleep quality or 
hygiene would not differ according to physical activity at 
different times of the day.

Methods
Study design
This is an observational study with a cross-sectional 
design.

Participants
Our study employed healthy individuals aged between 
18 and 65 in İstanbul, a metropolitan city in Türkiye. 
The study included 212 participants; 37 participants who 
were four or more Mahalanobis scores away from the 
central data were excluded, and the study was completed 
with 175 participants categorized as minimally active 
(n = 79), very active (n = 78), and inactive (n = 18) based on 
the International Physical Activity Questionnaire-Short 
Form (IPAQ-SF) scale (Fig.  1). Participants with sleep 
disorders, sleep apnea, recent healthcare visits for condi-
tions such as rheumatoid arthritis, cardiology or neurol-
ogy, shift work, and self-reported inability to do physical 
activity were excluded.

The Non-Invasive Ethical Committee of Uskudar 
University obtained ethical approval for the research. 
The serial number of ethical approvals is 61351342/
HAZİRAN/2021-65. All participants were informed of 
the study’s purpose and that their participation was vol-
untary. They were also informed that they could leave 
the study at any time. Written informed consent was 
obtained from all participants immediately before the 
forms were filled out.
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Study design and procedure
Participants were invited face-to-face by the second 
author of the study at sports facilities, fitness centers, 
and walking parks between December 2021 and Febru-
ary 2022. We selected these centers to reach physically 
active participants. We collected data from paid and pub-
lic physical activity venues to reach people from different 
socio-economic backgrounds.

The participants were divided into three groups 
according to their level of physical activity - very active, 
minimally active, and inactive - to compare sleep qual-
ity and hygiene. Furthermore, to evaluate the correlation 
between the timing of physical activity and sleep qual-
ity and sleep hygiene, the physically active participants 
(n = 157) were classified into three groups based on the 
time of their physical activity (morning: 06:01–12:00; 
afternoon: 12:01–18:00; evening: 18:01–24:00).

Data collection
The second author of the study provided the study 
questionnaires to the participants in printed format 
and requested that they be completed. The data were 
collected via self-administered questionnaires. This 
approach was selected to protect the participants’ privacy 

and facilitate the efficient collection of data. Participants 
filled out a demographic information form, the Interna-
tional Physical Activity Questionnaire [35], the Pitts-
burgh Sleep Quality Index (PSQI) [36], and the Sleep 
Hygiene Questionnaire [37].

The Demographic Information Form includes ques-
tions about age, educational background, marital status, 
employment status, regular physical activity, and the tim-
ing of that activity. The following question was asked to 
determine the participants’ physical activity time: “When 
do you typically engage in physical activity lasting more 
than 20 minutes during the day?”

The international physical activity questionnaire (short 
form) (IPAQ-SF)
The IPAQ-SF is the most widely used physical activity 
questionnaire that measures self-reported physical activ-
ity over the last 7 days [35]. The IPAQ-SF is reliable and 
valid for assessing physical activity in the Turkish popu-
lation [38]. The questionnaire assesses activity levels 
through seven questions, with four levels of intensity: (1) 
vigorous-intensity activity like aerobics, (2) moderate-
intensity activity like recreational cycling, (3) walking, 
and (4) sitting [39]. The IPAQ-SF is recommended for 

Fig. 1  Flow diagram for study participants
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physical activity monitoring, although it shows a small 
correlation with objective activity measures [35]. A meta-
analysis indicates a moderately high test-retest reliability 
(r = 0.74). The criterion validity (r = 0.41) and concurrent 
validity (r = 0.72) were both judged to be moderate [35]. 
The IPAQ-SF determines the duration of physical activ-
ity and provides a value for metabolic equivalents 
(METs). The walk value is calculated by multiplying the 
duration of the walk, the total number of days per week 
the individual engaged in that physical activity, and 
the constant value of 3.3. The value of moderate physi-
cal activity is calculated by multiplying the duration of 
the activity, the number of days, and the constant value 
of 4.0. Vigorous activity is calculated by multiplying the 
duration of the activity, the day, and the number 8.0. 
The IPAQ-SF is a tool that measures energy expendi-
ture on a weekly basis, expressed in METS. It provides 
a continuous or categorical score that assesses an indi-
vidual’s weekly physical activity (PA) level. The IPAQ-SF 
categorizes physical activity levels as inactive (less than 
600 METS-1  min-1 week), minimally active (600–2999 
METS-1 min-1 week), and very active (3000 METS-1 min-1 week 
or above) [40].

The pittsburgh sleep quality index (PSQI)
The PSQI is a self-administered questionnaire. It is 
designed to evaluate sleep quality in both clinical and 
nonclinical groups. The PSQI is a widely used generic 
measure in clinical and research settings to distinguish 
between ‘good’ and ‘poor’ sleepers [41]. The question-
naire evaluates an individual’s sleep patterns during the 
last month. The PSQI has demonstrated positive reli-
ability and validity in the Turkish population [42]. The 
questionnaire comprises 19 questions, each scored on a 
scale of 0–3, and seven subheadings. These subheadings 
cover subjective sleep quality, sleep latency, sleep dura-
tion, sleep efficiency, sleep disturbance, use of sleeping 
pills, and daytime functioning. In scoring the scale, the 
items of each subheading are summed separately, result-
ing in a single subheading score. The score of each of the 
seven subitems can vary from 0 to 3, and the total PSQI 
score can range from 0 to 21. A score above five points 
indicates poor sleep quality [36].

Sleep hygiene index
The Sleep Hygiene Index (SHI) aims to evaluate sleep 
hygiene by asking about the frequency of movements 
during sleep [37]. Sleep hygiene involves adopting behav-
iors that promote sleep and avoiding those that disturb 
it [37]. This self-administered index evaluates environ-
mental and behavioral factors that may contribute to 
insufficient sleep. The SHI was developed based on the 
diagnostic criteria for inadequate sleep hygiene in the 
International Classification of Sleep Disorders [37]. SHI 

showed sufficient validity and reliability in the Türkiye 
sample [43]. The scale comprises 13 items, each employ-
ing a five-point Likert scale format. In calculating the 
scale score, the responses to each item are summed, with 
the value of the possible response ranging from 13 to 65. 
An increase in the score indicates that the individual has 
poor sleep hygiene [44].

Statistical analyses
The results of this study were analyzed using the SPSS 
(Statistical Package for Social Sciences) 25 software pro-
gram. The distribution of the variables was assessed using 
skewness and kurtosis coefficients, as well as visual inves-
tigation of histograms. If the values of skewness and kur-
tosis fall within the range of -1.50 to + 1.50, it is inferred 
that a normal distribution exists [45]. The Mahalanobis 
distance was also employed to analyze the interpoint dis-
tance in our multivariate data set. A Mahalanobis score 
of 4 points or above was excluded to ensure the homo-
geneity of the two dependent groups. Once the data had 
been normalized, the one-way multivariate analysis of 
variance (MANOVA) assumptions were tested by draw-
ing a scatter matrix for each independent variable group 
and analyzing the variance-covariance matrices’ homoge-
neity, linearity, and multicollinearity (see Supplementary 
File 1 for details). The demographic data were presented 
as a frequency table, accompanied by a mean and stan-
dard deviations. The chi-square test was employed to 
analyze categorical variables, while the one-way ANOVA 
was used for continuous variables for demographics. The 
relationship between physical activity level, timing, sleep 
quality, and hygiene was evaluated using a MANOVA. As 
our data consisted of three groups, we performed a Bon-
ferroni correction and considered p < 0.016 as significant. 
Effect sizes were calculated to indicate the strength of the 
difference in mean between groups for post hoc analyses, 
with d < 0.2, d = 0.2–0.5, d = 0.5–0.8, and d > 0.8 consid-
ered “trivial,” “small,” “moderate,” and “large,” respectively.

Results
Participants
The GPower program was utilized to calculate the sam-
ple size. For the primary outcome of PSQI, a MANOVA 
was conducted with a global test effect size of f = 0.0625, 
α = 0.05, and power of 1-β = 0.80, which required a mini-
mum of 155 individuals. A subject population of 213 was 
involved in the study. One participant was excluded from 
the study because of their chronic illness, resulting in a 
final sample size of 212 individuals. The Mahalanobis dis-
tance values based on PSQI and SHI scores exceeding 4 
were excluded from the final analysis, as their data was 
considered extreme value. Consequently, the remain-
ing 175 participants were included in the final analysis. 
Seventy-eight participants were classified as very active 
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(44%), 79 as minimally active (45%), and 18 as inactive 
(11%). For the analysis of physical activity timing, we 
excluded inactive participants and only included 157 
physically active participants. Out of those who engaged 
in physical activity, 37 individuals were active in the 
morning (23%), 65 in the afternoon (41%), and 55 in the 
evening (35%).

We compared demographic variables in two groups 
as physical activity level and time. According to physi-
cal activity level, there were no significant differences in 
sex (p = 0.573), age (p = 0.948), marital status (p = 0.448), 
employment (p = 0.065), BMI (p = 0.101), and educa-
tion level (p = 0.098). According to the time of physi-
cal activity, there were also no significant differences in 
sex (p = 0.627), age (p = 0.280), marital status (p = 0.569), 
employment (p = 0.054), BMI (p = 0.359), and education 
level (p = 0.220) (Table 1). Outlier descriptives were given 
in Supplementary File 1.

A one-way MANOVA was performed to determine 
whether there was a difference between sleep quality and 
hygiene among different physical activity levels. There 
was a significant difference in sleep hygiene and quality 
based on physical activity level, F (4, 171) = 7.532, Pillai’s 
trace = 0.161, partial eta squared = 0.081 (Table 2).

Univariate analyses showed sleep quality was sig-
nificantly different (F (4, 171) = 8.483; p < 0.001; partial 
η2 = 0.09) based on physical activity level (Table 2). Post 
hoc Bonferroni analysis showed that minimally active 
(p = 0.002, d = 0.706) and very active (p < 0.001, d = 830) 
subjects had better outcomes with moderate and large 
effect sizes compared to inactive subjects. However, there 
is no significant difference between minimally active 
and very active individuals (p = 1.000) in sleep quality 
(Table 3).

Univariate analyses also showed sleep hygiene was sig-
nificantly different (F (4, 171) = 8.979; p < 0 0.001; partial 
η2 = 0.09) based on physical activity level (Table 2). Post 

Table 1  Demographic characteristics based on level and time of physical activity
Physical Activity Level
n: 175

Physical Activity Time
n:157

1
n (18)

2
n (79)

3
n (78)

p Morning
n (37)

Afternoon
n (65)

Evening
n (55)

p

Sex n (%) n (%) n (%) n (%) n (%) n (%)
  Male 10 (55.6) 41 (51.9) 47 (60.3) .573a 23 (62.2) 34 (52.3) 31 (56.4) .627a

  Female 8 (44.4) 38 (48.1) 31 (39.7) 14 (37.8) 31 (47.7) 24 (43.6)
Age
  18–25 11 (61.1) 53 (67.1) 49 (62.8) .948a 26 (70.3) 46 (70.8) 30 (54.5) .280a

  26–45 4 (22.2) 18 (22.8) 18 (23.1) 7 (18.9) 11 (16.9) 18 (32.7)
  46–65 3 (16.7) 8 (10.1) 11 (14.1) 4 (10.8) 8 (12.3) 7 (12.7)
Marital Status
  Married 2 (11.1) 16 (20.3) 19 (51.4) .448a 6 (16.2) 15 (23.1) 13 (23.6) .569a

  Single 16 (88.9) 63 (79.7) 59 (75.6) 31 (83.8) 50 (76.9) 42 (76.4)
Employment
  Yes 7 (38.9) 41 (51.9) 51 (65.4) .065a 26 (70.3) 31 (47.7) 35 (63.6) .054a

  No 11 (61.1) 38 (48.1) 27 (34.6) 11 (29.7) 34 (52.3) 20 (36.4)
M ± SD M ± SD M ± SD M ± SD M ± SD M ± SD

BMI (kg/m²) 25.5 ± 5 23.2 ± 3.9 24.1 ± 3.4 .101b 22.8 ± 3.4 23.8 ± 3.8 24.0 ± 3.8 .359b

Education (year) 14.8 ± 1.7 15.7 ± 1.8 15.4 ± 1.9 .098b 15.8 ± 1.3 15.7 ± 1.5 15.3 ± 1.9 .220b

1: Inactive, 2: Minimal Active, 3: Very Active, a: Chi-Square, b: One Way ANOVA, BMI: Body mass index

Table 2  Sleep quality and sleep hygiene based on physical activity level
PSQI Mean ± sd Manova F Manova p value (Pillai’s trace) Manova eta2 Univariate F Univariate p value Univariate eta2
Inactive 8.61 ± 2.50 7.532 < 0.001 0.081 8.483 < 0.001 0.090
Minimal
Active

6.42 ± 2.55

Very Active 5.99 ± 2.29
SHI Mean ± sd Univariate F Univariate p value Univariate eta2
Inactive 36.05 ± 8.39 8.979 < 0.001 0.095
Minimal
Active

28.50 ± 6.74

Very Active 29.52 ± 6.56
PSQI: pittsburgh sleep quality index, SHI: sleep hygiene index, Bonferroni-corrected p-value; *p < 0.016, **p < 0.0003
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hoc Bonferroni analysis showed that subjects who were 
minimally (p = 0.001, d = 0.928) and very active (p < 0.001, 
d = 1.151) had better sleep hygiene scores with a large 
effect size compared to inactive subjects. However, there 
is no significant difference between minimally active 
and very active individuals (p = 1.000) in sleep hygiene 
(Table 3).

A one-way MANOVA was conducted to determine 
whether there is a difference between physical activity 
timing and sleep quality and sleep hygiene. There was a 
non-significant difference in sleep quality and hygiene 
based on physical activity time: F (3, 153) = 0.989, Pillai’s 
trace = 0.413, and partial eta squared = 0.013 (Table 4).

Discussion
The study aimed to determine whether the perception of 
sleep quality and hygiene differed based on the percep-
tion of physical activity level and timing. The demograph-
ics of subgroups for physical activity level and timing 
were similar regarding sex, age, marital status, employ-
ment, BMI, and education. According to physical activ-
ity level, the minimally active and very active group had 
significantly better sleep quality and hygiene scores than 
the inactive group. However, based on physical activ-
ity timing, there were no differences in sleep quality and 
sleep hygiene scores for morning, afternoon, and evening 
groups.

Our main finding showed that physically active indi-
viduals have better sleep quality and sleep hygiene scores, 
to varying degrees, than those who are physically inac-
tive. Consistent evidence shows that moderate-intensity 
physical activity positively affects various aspects of sleep 
quality [46, 47]. Sullivan et al. showed that physically 
active participants reported better sleep quality percep-
tion and duration [48]. Rayward et al. investigated the 
effect of a physical activity program on sleep quality, and 
they found significant improvements in sleep scores [49]. 
Physical activity can improve sleep quality through vari-
ous mechanisms, including increased melatonin secre-
tion, weight management, fatigue [50], and improved 
respiratory capacity. Sleep and physical activity can affect 
each other bidirectionally. Adequate sleep duration and 
continuity may positively impact physical activity the fol-
lowing day [18]. Physically active individuals experienced 
improved sleep quality, less time to fall asleep [44], and 
a rested awakening. Sleep hygiene combines environ-
mental and behavioral factors to promote healthy sleep 
[25]. Education programs are typically implemented to 
enhance sleep hygiene. These programs include adjust-
ments to routines, noise levels, temperature, sleep-
ing surfaces, and lighting [51]. Our study showed that 
the perception of sleep hygiene was significantly better 
in people with minimal and very active levels. Several 
mechanisms can explain the positive effect of physical 

Table 3  Post Hoc Comparison of Sleep Quality and Sleep Hygiene based physical activity level
Dependent 
Variable

(I) Groups by 
physical activity

(J) Groups by physi-
cal activity

Mean Differ-
ence (I-J)

Std. Error p Cohen’s d 95% Confidence In-
terval for Difference
Lower 
Bound

Upper 
Bound

PSQI inactive minimal active 2.19 0.63 0.002 0.867 0.65 3.73
very active 2.62 0.63 < 0.001 1.092 1.08 4.17

minimal active inactive -2.19 0.63 0.002 0.867 -3.73 -0.65
very active 0.43 0.38 0.810 - -0.51 1.37

SHI inactive minimal active 7.54 1.78 < 0.001 0.992 3.22 11.87
very active 6.52 1.79 0.001 0.867 2.20 10.85

minimal active inactive -7.54 1.78 < 0.001 0.992 -11.87 -3.22
very active -1.01 1.09 1.000 - -3.66 1.62

PSQI: pittsburgh sleep quality index, SHI: sleep hygiene index

Table 4  Comparison of Sleep Quality and Sleep Hygiene according to physical activity time
PSQI
(n:157)

Mean ± sd Manova F Manova p value (Pillai’s trace) Manova eta2 Univariate F Univariate p value Univariate eta2

Morning 6.41 ± 2.14 0.989 0.413 0.013 0.493 0.612 0.006
Afternoon 6.31 ± 2.59
Evening 5.95 ± 2.43
SHI
(n:157)

Mean ± sd Univariate F Univariate p value Univariate eta2

Morning 27.91 ± 8.05 1.511 0.224 0.019
Afternoon 30.07 ± 5.64
Evening 28.49 ± 6.65
PSQI: pittsburgh sleep quality index, SHI: sleep hygiene index
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activity on sleep hygiene. Increasing the production of 
melatonin, a hormone that regulates the sleep-wake 
cycle, eases the transition to sleep [52]. Additionally, 
physical activity reduces stress, a typical obstacle to fall-
ing asleep and sleeping [53]. Furthermore, physical activ-
ity improves mood, resulting in improved engagement in 
physical activity and a positive feedback cycle [25]. Lastly, 
physical activity also helps to regulate body temperature, 
which is crucial for falling asleep [54]. Tseng ve ark.

We evaluated the relationship between timing of physi-
cal activity and sleep quality and sleep hygiene only in 
the minimally active and very active groups. The timing 
of physical activity is a factor that may potentially affect 
sleep due to circadian rhythm. The circadian rhythm is 
critical in modulating daytime rhythms of metabolism, 
sleep/wake cycles, feeding behavior, and hormone secre-
tion [55]. However, our study showed that sleep quality 
and hygiene scores were similar across different times 
of physical activity. The literature is inconsistent regard-
ing the relationship between physical activity timing 
and sleep. Seol et al. conducted a randomized controlled 
trial to investigate the effects of morning versus evening 
home-based low-intensity exercise on sleep parameters 
[56]. Their findings indicated that both groups experi-
enced improvement; the evening group demonstrated 
greater benefit concerning sleep onset latency-D and 
sleep satisfaction than the morning group [56]. In the 
study by Seol et al. and our study, the PSQI scores of 
the evening group were similarly better than the morn-
ing group (0.36 and 0.46, respectively) [56]. Benloucif et 
al. demonstrated that a 2-week vigorous physical activity 
program benefits objective and subjective sleep param-
eters, regardless of whether it is performed in the morn-
ing or evening [57]. In their study, the mean PSQI score 
was approximately 1 point better than ours. This differ-
ence may be because Benloucif et al. applied for a struc-
tured exercise program [57]. In contrast, two studies 
demonstrated a correlation between engaging in physical 
activity in the morning [58] or at least four hours before 
bedtime [59] and enhanced sleep quality. However, this 
correlation was not observed in the evening group. 
Additionally, some publications suggest no relationship 
between the timing of physical activity and sleep quality 
[14]. Moderate physical activity is considered an effective 
non-pharmacological method to improve sleep param-
eters [16]. It can be argued that being physically active is 
a more important parameter for sleep parameters than 
physical activity time. Our results suggest that physical 
activity can be recommended in the morning, afternoon, 
or evening, consistent with the current literature [29]. 
Our results should be interpreted cautiously because our 
study did not include potential confounding variables for 
sleep and had a relatively small sample size.

Our study has several limitations. It used only sub-
jective scales to assess sleep. It also did not assess diet, 
sleep-related behaviors, and healthy lifestyle habits, 
which are known to affect sleep. A limitation of our study 
is that the physical fitness parameters of the participants, 
such as endurance and respiratory capacity, were not 
measured. Other limitations include not accounting for 
potential confounding variables, the relatively small sam-
ple size, the wide age range, and the non-random sam-
pling method.

Conclusion
The current study found that the perception of sleep 
quality and hygiene scores were significantly better 
among physically active individuals. However, there 
was no difference in the perception of sleep quality and 
hygiene scores between individuals who performed 
physical activity in the morning, afternoon, and evening. 
The level of physical activity is the critical parameter for 
improving sleep. Healthy individuals may be encouraged 
to engage in physical activity in the morning, afternoon, 
or evening. Future research should investigate whether 
comparable outcomes can be observed in individuals 
experiencing sleep difficulties.
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