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Abstract: The aim of this study is to investigate body posture, physical exercises, head–neck re-
lationship, and sleep quality among university students. A total of 96 students, with an average
age of 20.86 ± 1.24 years and an average BMI of 23.41 ± 2.56, voluntarily participated in the study.
The REEDCO Posture Evaluation (RPE) was used to assess the participants’ body posture scores.
Head and neck measurements were taken using the Apecs-AI Posture Evaluation and Correction
System® (Apecs Posture Analysis Pro Plus Version 8.2.6). Sleep quality was measured using the
Pittsburgh Sleep Quality Index (PSQI). Pearson correlation analysis indicated that increased caffeine
consumption was associated with poorer sleep quality (r = 0.267, p < 0.05). Additionally, increased
participation in physical activities was associated with improved sleep quality, with those engaging
in sports having better sleep quality scores (r = −0.278, p < 0.05). As physical activity increased,
REEDCO scores decreased (r = −0.423, p < 0.05), while scores for right head (r = 0.210, p < 0.05)
and left head (r = 0.247, p < 0.05) increased. Significant negative correlations were found between
REEDCO scores and right head (r = −0.296, p < 0.05) and left head (r = −0.463, p < 0.05) scores. In
conclusion, due to the limited number of studies investigating head–neck relationships and sleep
quality, definitive conclusions cannot be drawn; further and more comprehensive research is needed.

Keywords: body segment posture; evaluating postural alignment; head–neck; sleep quality; sports
students

1. Introduction

Approximately one-third of human life is spent sleeping. Sleep is a vital restorative
process that supports the body’s biological renewal and reduces physical fatigue [1]. How-
ever, sleep deprivation and irregular sleep patterns can lead to serious long-term health
issues. Recent research indicates that students who sleep less than 9 h per night experience
shrinkage in brain regions responsible for memory, intelligence, and well-being, with these
changes becoming apparent within two years [2]. Therefore, sleep quality is of significant
importance both for clinical practices and sleep research due to its strong association with
physical and mental well-being, as well as with the prevalence of sleep disorders and
the potential indication of various diseases [3]. Additionally, the complex relationships
among sleep, physical activity, obesity, and posture require further in-depth research be-
yond current knowledge. For example, it has been observed that short sleep durations
increase the risk of obesity, while long sleep durations do not have such an effect [4]. This
finding is particularly surprising given that a sedentary lifestyle is generally thought to
contribute to obesity. Electroencephalogram (EEG) and the evolution of sleep develop
systematically from the fetus, through premature and full-term infants, to early childhood,
adolescence, and adulthood, along with the maturation of the central nervous system.
These ontogenetic changes can be significantly influenced by neurological, environmental,
and genetic factors, as well as accompanying medical or neurological disorders. Sleep
requirements change dramatically from infancy to old age [5]. The requirements for sleep
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duration are also related to exposure to light and dark, genetic factors, developmental
age, and gender [6]. In previous studies, scientists have been investigating the effects of
various exercise interventions on sleep quality [7]. The effect of exercise on sleep can be
explained by the physical fatigue induced by exercise intensity, which increases deep sleep
duration in the brain [8–10]. Moreover, aerobic exercise may prevent the flattening of the
body temperature rhythm. While body temperature rises during exercise, it decreases to a
level lower than pre-exercise levels after the exercise is completed. Consequently, increased
fatigue post-exercise may contribute to improved sleep quality during the night [11].

University students face various challenges, including reduced parental support and
increased academic workload. These challenges involve increased cognitive demands
and identity formation processes, which often lead to disruptions in the sleep–wake cycle,
shortened sleep duration, and delays in sleep onset. Additionally, students commonly
exhibit behaviors such as sleep deprivation, poor sleep quality, and excessive daytime
sleepiness [12,13]. Poor sleep quality can lead to mental issues such as depression, anxiety,
stress, impaired attention, low self-esteem, and distorted body image, as well as physical
health problems such as obesity and cardiovascular diseases [14,15]. This underscores the
need to identify the serious health impacts on university students, a vulnerable subgroup,
and to determine the risk factors necessary for managing sleep issues. This necessity arises
from the negative effects on students’ cognitive abilities related to daily performance and
academic success [16,17].

Studies investigating sleep quality and respiratory disorders have focused on the neg-
ative effects of supine posture on respiratory abnormalities and the relationship between
sleep quality and respiratory function [18,19]. When the physiological structure of respira-
tion is affected, the postural muscles required to meet respiratory needs are also impacted.
Activities such as coughing, which utilizes the same muscles involved in respiration, can
also influence posture [20]. A study investigating the effects of forward head posture on
respiratory muscle strength and respiratory function tests observed a relationship between
the C7 vertebral corpus angle in forward head posture and measured expiratory muscle
strength and reference-adjusted expiratory muscle strength [21,22].

A review of the literature revealed a complex relationship among body posture, respi-
ratory function, physical exercise, sleep quality, and forward head posture. In this context,
the aim of the study is to investigate body posture, physical exercise, head–neck relation-
ships, and sleep quality among university students. The hypothesis of the study started
from the assumption that the quality of sleep among university students is dependent on
body posture, the head–neck relationship, and the level of practicing physical activities.

2. Materials and Methods
2.1. Participants

A total of 96 participants, all university students, were included in this study. The
average age (±standard deviation) of the participants was 20.86 ± 1.24 years, and the mean
body mass index (BMI) was 23.41 ± 2.56. The mean front head tilt was measured at 1.43,
back head tilt at 1.93, right head shift at 37.30, and left head shift at 33.65. According to
the responses provided in their personal information forms, the participants’ average daily
coffee consumption was 1.58, the average smoking rate was 1.72 per day, and the average
participation in physical activity was 2.41 days a week. The inclusion criteria required
the participants to be students, healthy, without a history of disabilities, to perform all
the measurements, and to fully complete the applied questionnaire. Prior to conducting
the tests, all participants were thoroughly informed about the procedures and provided
verbal consent to participate voluntarily. Statistical software G*Power (v3.1.9.7) was used to
calculate the sample, and it was selected for the present study effect size of 0.30, p value of
0.05, and power of 0.80; the analysis revealed that a total sample size of N = 64 was adequate.
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2.2. Study Design

In this study, a cross-sectional design was used to evaluate the posture and sleep
quality of university students. All evaluation methods were explained to each participant,
and the collection of the results was performed physically by the authors. After performing
the physical tests, the study participants were given a questionnaire each and the way to
complete it was explained to them. The subjects were not subjected to any protocol prior to
the tests.

2.3. Data Collection Tools

The following devices were used in the present study:
Anthropometric data: The following devices were used to measure the anthropometric

parameters: the Seca digital thaliometer for height investigation (cm) and Tanita scale (digi-
tal) for weight assessment (kg). These two parameters were necessary for BMI calculation,
and the test conditions were identical for all subjects [23].

APECS-AI Posture Evaluation and Correction System® (Apecs Posture Analysis Pro
Plus Version 8.2.6) is a device that can be installed on a phone and is based on precise
photogrammetric algorithms for the purpose of precise posture evaluations and is used in
physical therapy. The interface of the application shows a target point that turns green, thus
avoiding any deviation of the camera position. After taking the photo, the application asks
to cut out the body segments that are not targeted. The information provided is based on
standardized digitized landmarks; a maximum of 4 images can be made depending on the
variables of interest [24]. As part of the research, photographs of university students were
taken in five different standing positions (“front”, “back”, “right”, “left”, and “bending
position”) to analyze their body posture. Using these photographs, the students’ posterior,
anterior, and lateral postures were examined. According to previous studies, the APECS
mobile application is accessible, having a high reliability in posture assessment [25,26].

Reedco Posture Evaluation (RPE): The RPE is a standard method used since 1974
to evaluate the entire body posture from head to toe in the sagittal and coronal planes
(Auburn, NY, USA 1974) [27]. This method assesses individuals observationally from the
lateral and posterior views across 10 postural features. Lateral evaluation covers the neck,
upper back, torso, abdomen, and lumbar regions in the sagittal plane, while posterior
evaluation includes the head, shoulders, spine, hips, and ankles in the coronal plane.
RPE scores are determined by evaluating postural alignment on a scale from “0” to “10”,
where “0” indicates poor posture or significant deviation, “5” indicates fair posture or
minimal–moderate deviation, and “10” indicates good posture or normal alignment. A
maximum score of 100 represents good posture, while a score of 59% or lower indicates
postural dysfunction [28].

Pittsburgh Sleep Quality Index (PSQI): Developed by Buysse and colleagues (1989) [29]
and adapted into Turkish by Ağargün and team (1996) [30], the PSQI is a 19-item self-report
scale that assesses sleep quality and disturbances over the past month. It comprises a total
of 24 questions, 19 of which are individually answered, while the remaining 5 are answered
by a bed partner or roommate. The 18 scored questions form seven different components:
Subjective Sleep Quality, Sleep Latency, Sleep Duration, Habitual Sleep Efficiency, Sleep
Disturbances, Use of Sleeping Medication, and Daytime Dysfunction. Each component is
rated on a scale from 0 to 3. The sum of these component scores determines the overall
score of the scale, ranging from 0 to 21. A total score greater than 5 may indicate poor sleep
quality. The reliability of the questionnaire for our study, by calculating the Cronbach α

index, was 0.83.

2.4. Statistics Analysis

The data obtained from the research were analyzed using SPSS 22.0 software aiming
at the following parameters: arithmetic means (X), standard deviation (SD), variance, and
kurtosis. One-way ANOVA anaylsis and Pearson correlation analysis were used to examine
the relationship between variables. The statistical significance level for this study was
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p < 0.05. Cronbach’s α index was also applied to determine the reliability of the PSQI
questionnaire. For the interpretation of the size effect, we considered the two limits of
η2 = 0, highlighting that there is no relationship between the two analyzed factors, and
η = 1 highlights a perfect relationship for the present study and is as follows: η2 = 0.01
small effect, η2 = 0.06 medium effect, and η2 = 0.14 large effect. Statical software G*Power
(v3.1.9.7) was used to calculate the sample size.

2.5. Ethical Consideration

The procedure for conducting the study and the stages were communicated to the
students, who participated voluntarily, giving their verbal consent to participate. The
research was conducted in accordance with the professional and ethical standards of the
Declaration of Helsinki (2013) and the agreement of the Ethics Committee of the Health
Sciences no. E.765661/26.04.2023, Manisa Celal Bayar University, Faculty of Medicine.

3. Results

In Table 1, the arithmetic means of the main parameters recorded in the applied
tests are presented, and when interpreting the results, we referred to the minimum and
maximum values.

Table 1. The relationship between caffeine consumption and poor sleep quality, one-way
ANOVA analysis.

Caffeine X SD N Sum of Squares df Mean Square F p η2 Fark

1 per day 6.135 3.630 52

158.182 3 52.727 4.157 0.008 0.119 4 > 3
4 > 1

2–3 per day 7.500 3.784 34
4–5 per day 7.000 1.195 8
6 and above 14.500 3.536 2

X—arithmetic means; SD—standard deviation; N—number of subjects; η2—Eta-squared; p—probability; F—value
is the ratio between group variation and within-group variation.

A one-way ANOVA analysis was conducted to understand the impact of caffeine
consumption on sleep quality. The analysis revealed significant differences in sleep quality
based on caffeine consumption (f(3.92) = 4.157; p < 0.05; η2 = 0.119). According to the
results, participants who consumed 6 or more units of caffeine per day had significantly
poorer sleep quality compared to other participants.

A one-way ANOVA analysis was conducted to understand the impact of participation
in physical activity on sleep quality. The analysis revealed significant differences in sleep
quality based on participation in physical activity (f(3.92) = 3.438; p < 0.05; η2 = 0.101).
According to the results, participants who did not participate in physical activity had
significantly poorer sleep quality compared to those who engaged in physical activity
3–5 days per week (Table 2).

Table 2. The relationship between participation in sports and sleep quality, one-way ANOVA analysis.

Participation in Sports X SD N Sum of Squares df Mean Square F p η2 Fark

no 9.105 4.345 19

133.606 3 44.535 3.438 0.020 0.101 4 > 2
1–3 days a week 6.839 3.226 31

3–5 days a week 5.909 3.844 33

7 days a week 6.077 2.362 13

X—arithmetic means; SD—standard deviation; N—number of subjects; η2—Eta-squared; p—probability; F—value
is the ratio between group variation and within-group variation.
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A one-way ANOVA analysis was conducted to determine whether there were dif-
ferences in REEDCO scores based on participation in physical activity. The analysis re-
vealed significant differences in REEDCO scores according to physical activity participation
(f(3.92) = 7.698; p < 0.01; η2 = 0.201). According to the results, participants who engaged in
physical activity 7 days a week had significantly lower REEDCO scores compared to other
participants (Table 3).

Table 3. REEDCO scores by level of sports participation, one-way ANOVA analysis.

Participation in Sports X SD N Sum of Squares df Mean Square F p η2 Fark

no 78.842 5.252 19

1387.325 3 462.442 7.698 <0.001 0.201
4 > 3
2 > 3
1 > 3

1–3 days a week 76.742 8.343 31

3–5 days a week 73.697 6.498 33

7 days a week 66.385 11.515 13

X—arithmetic means; SD—standard deviation; N—number of subjects; η2—Eta-squared; p—probability; F—value
is the ratio between group variation and within-group variation).

According to the Pearson correlation analysis, an increase in caffeine consumption
among participants was associated with an increase in poor sleep quality (r = 0.267, p < 0.05).
Additionally, increased participation in physical activities was associated with a decrease
in poor sleep quality, indicating that those who engaged in sports had better sleep quality
scores (r = −0.278, p < 0.05). Furthermore, as physical activity increased, REEDCO scores
decreased (r = −0.423, p < 0.05), while right head (r = 0.210, p < 0.05) and left head (r = 0.247,
p < 0.05) scores increased. There were significant negative correlations between REEDCO
scores and both right head (r = −0.296, p < 0.05) and left head (r = −0.463, p < 0.05) scores.
Finally, participants who engaged in more sports activities tended to smoke more (r = 0.217,
p < 0.05) and an increase in age was associated with a higher caffeine intake (r = 0.269,
p < 0.05) (Table 4).

Table 4. Pearson correlation analysis of parameters affecting sleep quality on PSQI.

Correlations

Age Caffeine Smoking Participation
in Sports BMI PSQI REEDCO Right

Head
Left

Head

Age 1

Caffeine 0.269 ** 1

Smoking −0.241 * −0.187 1

Participation
in Sports 0.079 0.01 0.217 * 1

BMI −0.068 −0.027 −0.009 0.089 1

PSQI 0.083 0.267 ** −0.129 −0.278 ** −0.053 1

REEDCO 0.004 0.106 −0.101 −0.423 ** −0.102 0.183 1

Right Head 0.092 0.06 0.067 0.210 * 0.049 −0.023 −0.296 ** 1

Left Head 0.048 −0.016 0.043 0.247 * 0.087 −0.135 −0.463 ** 0.392 ** 1

BMI—body mass index; ** Correlation is significant at the 0.05 level; * Correlation is significant at the 0.01 level.

4. Discussion

The literature contains numerous studies demonstrating that reduced sleep duration
can lead to postural control disorders. It is emphasized that for postural control disorders
to manifest, at least two of the three sensory systems (somatosensory, visual, and vestibular)
involved in postural control must be impaired, with one of these systems necessarily being
the vestibular system. Sleep problems increase the demands on the sensory systems, and
these demands are met through a top-down regulation strategy by the central nervous
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system [31,32]. However, in our study, no significant relationship was found between
sleep quality and postural scores (REEDCO). As noted by Fabbri et al. (2006) [33], visual
disturbances and changes in sensory integration resulting from sleep problems can lead to
postural control problems. However, similar to our study, Iyigun et al. (2017) [14] found no
significant relationship between New York postural scores and the Pittsburgh Sleep Quality
Index (PSQI) in their study on university students. In another study, participants subjected
to 24 to 36 h of sleep deprivation did not show a deterioration in postural performance as
expected; on the contrary, some signs of improvement were reported [34,35].

A study investigating the effects of different times of day and sleep deprivation on
postural control found that the impact of sleep deprivation on postural control varied
depending on the time of day. At 6:00 a.m., sleep deprivation had no effect on postural
control. However, at 10:00 a.m. and 2:00 p.m., sleep deprivation caused significant increases
in COP surface area and LFS ratio. At 6:00 p.m., while the LFS ratio increased, the COP
surface area returned to its 6:00 a.m. level [36]. In our study, no specific time protocol
was applied in the postural assessments. It was reported that reduced sleep duration not
only failed to lead to a decrease in postural control but also is a condition that is related to
the time of day, body temperature, and daily fluctuations in postural control, with these
fluctuations being primarily connected to the vestibular system [37–39].

In our study, significant negative correlations were found between REEDCO scores
and right head (r = −0.296; p < 0.05) and left head (r = −0.463; p < 0.05) scores. However,
no significant relationship was found between right head and left head scores and PSQI.
Upon examining the findings, the significant negative correlations between body posture
and head–neck scores may be due to better body posture. Nevertheless, it is suggested
that better respiratory function, proportionate to better head–neck scores, does not have an
impact on sleep quality. Further research is needed on this topic.

Current data indicate that the relationship between exercise frequency and sleep
quality is not statistically significant (f(7, 88) = 1.890, p = 0.081). However, individuals
who engage in regular exercise tend to have lower Pittsburgh Sleep Quality Index (PSQI)
scores, suggesting better sleep quality. A study by Alhusami et al. (2024) [40] on health
sciences students found that those who engage in regular physical activity have higher
sleep quality. Similarly, Merellano-Navarro et al. (2022) [41] found that high levels of
physical activity and being male positively influenced overall PSQI scores among physical
education students. Xu et al. (2023) [7] investigated the effects of physical exercise on sleep
quality among university students and found that those who exercised had lower PSQI
scores (r = −0.159, p < 0.001) and identified a significant relationship between physical
exercise and sleep quality (r = −0.159, p < 0.001).

The relationship between exercise frequency and sleep quality is an important issue
for university students. Review studies have shown that university students generally
have low levels of physical activity and that one in three students is overweight or obese.
Additionally, only one-fifth of students engage in sufficient physical activity for health pur-
poses. Notably, among female students, lower physical activity scores are associated with
increased depression scores, and lower physical activity scores are related to higher anxiety
scores. Research also indicates that students’ sitting times are higher than their walking
times and moderate physical activity scores, but lower than their vigorous physical activity
scores. Furthermore, there is a positive relationship between physical activity level and
academic success and a negative relationship with body mass index [42]. According to the
Pearson correlation analysis in our study, as participants’ caffeine consumption increased,
there were declines in sleep quality (r = 0.267, p < 0.05). When examining the literature on
the relationship between caffeine and sleep quality, Bouloukaki et al.’s (2023) [43] study,
which investigated sleep quality and fatigue levels among university students during exam
periods, included 940 students. This study showed that students’ PSQI scores significantly
increased during exam periods, indicating a decline in sleep quality.

Additionally, it was found that caffeine consumption increased during this period and
was associated with poor sleep quality. The study by Zunhammer et al. (2014) [44], which
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examined the relationships between sleep quality and the consumption of legal drugs
(alcohol, caffeine, and nicotine) during exam stress among university students, also found
that increased caffeine consumption was associated with poor sleep quality. An interesting
finding in our study was that individuals who participated in more sports activities were
found to smoke more (r = 0.217, p < 0.05). Another study by Alotaibi et al. (2020) [45] on
university students examined the relationship between sleep quality and mental health.
This study found that students who smoked had lower sleep quality and higher levels
of depression and anxiety. These findings emphasize that smoking not only negatively
affects sleep quality but also has adverse effects on mental health [46–48]. The current data
show that university students’ PSQI values change periodically and smoking and coffee
consumption negatively affect sleep quality.

An unwanted effect that influences the quality of sleep is the appearance of bruxism.
At the level of university students, studies show that the prevalence of nocturnal bruxism
is increasing due to the stress of academic demands [49]. In a study by Huañec-Paucar et al.
(2021) [50], a positive association was found between the level of academic performance
and the appearance of bruxism in sleep—36.45% in a sample of 203 students, similar to
the age of our sample. At the level of physical education students, the study by Stefanelli
et al. (2022) found that 33% of a sample of 178 subjects reported waking bruxism in
association with anxiety and stress [51]. Practicing physical activities regularly has been
associated with an increase in sleep quality and duration [52,53]. Sleep bruxism significantly
impacts sleep quality; it is estimated that sleep bruxism affects 21% of the population [54].
Caffeine consumption and smoking affect episodes of bruxism [55,56]. Specifically, caffeine
consumption and certain physical exercises influence the reduction in nocturnal bruxism
activity, which in turn leads to improved sleep quality.

Future research directions will be able to focus on monitoring different postures in
relation to sleep over certain time units, taking into account other body segments, aiming
for an awareness of vicious positives; the impact of sleep characteristics in relation to the
specifics of the practiced sport or lifestyle; applying the study to different categories of
subjects of different ages and practitioners of different sports, etc. An additional approach
to the present cross-sectional study could be the extension to a longitudinal study, by
implementing physical activity programs and monitoring the quality of sleep among
university students; carrying out a counseling program regarding the effects of caffeine
consumption and smoking, as well as the reduction in unwanted effects in correlation with
the quality of sleep. Another direction of research may consist in identifying the position of
the head–neck relationship by using specific devices to correct certain postural defects.

The practical implications of the present study are aimed at improving posture during
sleep by implementing corrective and compensatory exercise programs in daily activities;
extending the monitoring of sleep quality and posture to other categories of subjects in
correlation with certain daily habits, such as body posture during study periods and
during the use of devices and their daily duration; monitoring and optimizing the students’
physical activity and recreation in order to improve the quality of sleep and the posture
while during it.

The present study presents several limitations, among which we mention the following:
the relatively small number of subjects included in the study; the lack of an interventional
program and tracking the results over different periods of time; extending the study to other
age categories. Another limitation of the present study concerns the cross-sectional study
typology that provides a snapshot of the relationships between sleep quality and posture,
without providing evidence of intervention programs; the study data were self-reported by
the subjects, and no experimental monitoring was used in specialized laboratories.

5. Conclusions

In conclusion, the findings of the study significantly highlight the relationships among
caffeine consumption, physical activity levels, and sleep quality. A positive relationship was
observed between caffeine consumption and sleep quality, with participants consuming six
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or more units of caffeine per day exhibiting significantly poorer sleep quality compared to
other groups. This result suggests that caffeine consumption may negatively affect sleep
quality. On the other hand, a negative relationship was found between physical activity and
sleep quality; participants engaging in exercise 3–5 days a week had higher sleep quality
scores compared to those who did not participate in physical activity. This finding supports
the notion that regular physical activity has a beneficial effect on sleep quality. Additionally,
individuals exercising 7 days a week had significantly lower REEDCO scores compared to
other groups, indicating that continuous and intense exercise may have certain physical
and psychological effects. Pearson correlation analysis revealed positive relationships
between age and caffeine consumption, as well as between the frequency of exercise and
smoking. Furthermore, increased physical activity was observed to be associated with
lower REEDCO scores and improved sleep quality. The relationships among REEDCO,
sleep quality, and the head and neck regions also underscore the health impacts of physical
activities performed in these areas.

Overall, these findings suggest that reducing caffeine consumption and encouraging
regular physical activity can have positive effects on sleep quality and beneficial outcomes
for overall health. Further research could provide more detailed insights into the mecha-
nisms underlying these relationships and contribute to the development of strategies aimed
at improving sleep quality; future studies could incorporate objective sleep measures
(e.g., polysomnography or actigraphy) to validate the findings.
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14. İyigün, G.; Angın, E.; Kırmızıgil, B.; Öksüz, S.; Özdil, A.; Malkoç, M. Üniversite öğrencilerinde uyku kalitesinin mental sağlık,
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