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Abstract 

Aim: This study primarily examined the effects of sleep 

quality on dynamic balance, reaction time, and 

interoception in young women. The secondary aim of 

the study was to examine factors affecting sleep quality. 

Materials and Methods: Forty-nine women aged 18–

35 were divided into good (n=24) and poor (n=25) sleep 

quality groups based on the Pittsburgh Sleep Quality 

Index. Dynamic balance was evaluated with modified 

Lower Quarter Y Balance Test, reaction time with a 

FitLight Trainer™, and interoception with the Body 

Awareness Questionnaire.  

Results: Poor sleep quality was associated with reduced 

dynamic balance (dominant p=0.042; non-dominant 

p=0.007), slower reaction times (p=0.0001), and 

reduced interoception (p=0.026). Reaction time 

predicted poor sleep; each unit increase raised risk by 

44.5 % (p=0.003). 

Conclusion: Poor sleep quality negatively impacts 

balance, reaction time, and interoception in young 

women, underscoring the importance of healthy sleep 

patterns.  

Keywords: Sleep quality; Postural balance; Reaction 

time; Interoception; Young women.  

 

 

 

Öz 

Amaç: Bu çalışma, öncelikle genç kadınlarda uyku 

kalitesinin dinamik denge, reaksiyon zamanı ve 

interosepsiyon üzerindeki etkilerini inceledi. 

Çalışmanın ikincil amacı ise uyku kalitesini etkileyen 

faktörleri incelemekti. 

Gereç ve Yöntem: Yaşları 18–35 arasında değişen 49 

kadın, Pittsburgh Uyku Kalitesi İndeksi'ne göre iyi 

(n=24) ve kötü (n=25) uyku kalitesine sahip iki gruba 

ayrıldı. Dinamik denge, modifiye Alt Ekstremite Y 

Denge Testi ile; reaksiyon zamanı, FitLight Trainer™ 

cihazı ile; interosepsiyon ise Vücut Farkındalığı Anketi 

ile değerlendirildi. 

Bulgular: Kötü uyku kalitesine sahip katılımcılarda, 

dinamik dengede (dominant p=0,042; non-dominant 

p=0,007) azalma, reaksiyon zamanında (p=0,0001) 

uzama ve interosepsiyon skorlarında (p=0,026) düşüş 

gözlendi. Reaksiyon zamanı, kötü uyku kalitesinin 

anlamlı bir yordayıcısı olarak belirlendi ve her birim 

artış, kötü uyku riskini % 44,5 oranında artırdı 

(p=0,003). 

Sonuç: Genç kadınlarda kötü uyku kalitesi, denge, 

reaksiyon zamanı ve interosepsiyonu olumsuz 

etkilemekte olup sağlıklı uyku alışkanlıklarının önemini 

vurgulamaktadır. 

Anahtar Kelimeler: Uyku kalitesi; Postüral denge; 

Reaksiyon zamanı; İnterosepsiyon; Genç kadınlar.
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Introduction 

Sleep is a vital biological process that 

significantly influences overall health. The 

quality of sleep, a multifaceted concept that 

includes factors like sleep duration, continuity, 

the sensation of being refreshed upon waking, 

and daytime drowsiness1,2, is crucial for the 

optimal functioning of both psychological and 

physiological processes.3 

Inadequate sleep quality may result in 

cognitive impairments, diminished motor 

skills, emotional instability, and a decrease in 

performance. It may also increase accident 

risks and exacerbate various medical, 

neurological, and psychiatric conditions.4,5 

These negative effects result in an overall 

decrease in quality of life, while the complex 

interactions between sleep and sensory 

processes represent a significant area of 

interest for researchers.6 

Postural control is a complex skill that can 

be affected by sleep quality and is essential for 

regulating motor functions. It is achieved 

through the integration of somatosensory, 

visual, and vestibular systems; any dysfunction 

in these systems, particularly deficits in the 

vestibular system, can disrupt postural 

balance.7 Although numerous studies have 

investigated the effects of sleep quality on 

dynamic balance in older populations8,9, there 

is a limited amount of research focusing on 

young adults.10 Including findings related to 

women in this relatively underexplored area is 

believed to offer new insights. 

Reaction time, which refers to the ability to 

respond swiftly and accurately to 

environmental stimuli, is vital for both safety 

and performance.11 Sleep deprivation can 

increase reaction times by reducing mental 

alertness and cognitive flexibility.12 Previous 

studies have primarily used hand reaction time 

tests, often conducted in a seated position and 

focusing on the upper extremities.13–17 

However, only one study has been found 

examining the effect of sleep quality on lower 

extremity reaction time, and the sample 

consisted of athletes.18 They assessed the 

impact of sleep quality on visuomotor reaction 

time using the Fit Light Trainer System. 

Interoception and body awareness are 

conceptually related and sometimes used 

interchangeably in the literature. However, 

they are not identical. Interoception refers 

specifically to the perception of internal bodily 

signals, whereas body awareness is a broader 

concept that includes interoception along with 

other sensory inputs. A 2024 meta-analysis 

showed that self-report questionnaires were 

used to assess interoception in terms of 

individuals’ awareness of internal bodily states 
19. 

The intricate interactions between sleep and 

sensory processes are particularly evident in 

interoceptive modalities, such as 

thermosensation, nociception, visceral 

sensations, and the subjective experiences 

related to these sensations.6 Interoception, the 

ability to perceive and regulate internal bodily 

states, plays a vital role in maintaining 

emotional and physiological balance.20 

Insufficient sleep can disrupt the ability to 

sense bodily signals, leading to emotional and 

physiological imbalances.21,22 Young women 

may exhibit significant differences in sleep 

quality due to hormonal changes and social 

environmental factors.23–25 A study evaluating 

3,778 young adults (aged 20.6 ± 0.86 years) 

reported that poor sleep quality was more 

prevalent among women than men (65.1% vs. 

49.8%).26 Therefore, this study seeks to 

examine the impact of sleep quality on 

interoception in young women. 

This study aims to examine the effects of 

sleep quality on balance, reaction time, and 

interoception in young women. We 

hypothesize that poor sleep quality will have a 

negative effect on dynamic balance, reaction 

time, and interoception in young women. The 

secondary aim of the study was to examine 

factors affecting sleep quality. 

Materials and Methods  

The type of the study 

The study was planned as a cross-sectional 

study and aimed to determine the effects of 

sleep quality on balance, reaction time, and 

interoception in young women. 

The samples of the research  
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Sample size calculations were performed 

using G*Power 3.19 (Heinrich Heine 

University, Düsseldorf, Germany). Based on 

findings from the reference study 27, the power 

analysis indicated that 80% power would be 

achieved at a 95% confidence level when at 

least 48 participants (24 participants per group) 

were included in the study. 

This study involved 49 female participants, 

24 of whom reported good sleep quality and 25 

reported poor sleep quality.  Data collection 

took place between September and December 

2024. 

The study included female participants aged 

18 to 35 years who volunteered and had no 

neurological or orthopedic health issues. Those 

with lower extremity fractures or surgeries 

within the past year were excluded. This age 

range was chosen because young adulthood is 

characterized by relatively stable 

neuromuscular function, hormonal profiles, 

and cognitive performance, with minimal 

decline compared to older groups 28. Selecting 

this range helped reduce variability from age-

related sensory, motor, or hormonal changes, 

creating a more homogeneous sample. 

Sociodemographic and health-related 

information of all participants were collected 

through a structured assessment form. The 

form collected information on personal and 

clinical data, including age, height, weight, 

dominant side, and history of surgeries or 

injuries. Participants’ weight and height were 

measured using the Pulsemed BYH01 device. 

Measurements were taken without shoes, with 

participants standing upright. 

Sleep quality was evaluated using the 

Pittsburgh Sleep Quality Index (PSQI), a 

commonly used self-report tool in research for 

assessing sleep quality.29,30 The PSQI was 

originally developed by Buysse et al. and 

adapted into Turkish by Ağargün et al.31,32 It 

assesses sleep quality and disturbances over 

the past month, consisting of 18 items divided 

into seven components: subjective sleep 

quality, sleep latency, sleep duration, habitual 

sleep efficiency, sleep disturbances, use of 

sleep medications, and daytime dysfunction. 

Each component is rated on a scale from 0 to 

3, with the total score ranging from 0 to 21. 

Scores above 5 indicate poor sleep quality. 

Participants with good sleep quality were 

placed in the control group, while those with 

poor sleep quality were assigned to the poor 

sleep quality group. 

Data collection tools  

Outcome measures included dynamic 

balance, reaction time, and interoception. To 

control for potential hormonal influences, 

participants were evaluated outside of their 

menstrual phase, based on self-reported cycle 

timing. 

Dynamic balance was assessed using the 

Modified Lower Quarter Y Balance Test 

(YBT). Leg length was measured bilaterally 

while the participants were in a supine 

position, from the anterior superior iliac spine 

to the medial malleolus. Participants were 

given a brief demonstration of the test by an 

experienced researcher, followed by six 

practice trials in each direction.10 After a two-

minute rest, three test trials were performed in 

the anterior, posteromedial, and posterolateral 

directions for each leg (dominant and non-

dominant). To determine the dominant lower 

extremity, the question "If you would shoot a 

ball on a target, which leg would you use to 

shoot the ball?" was asked 33. The highest score 

for each direction was recorded. The 

composite YBT score was calculated using the 

following formula: 

Composite Score = 

[Sum of Reach Distance in 3 Directions / 

(3 × Limb Length )] × 100 

If the participant moved their supporting 

leg, removed their hands from the iliac crest, or 

lost balance during the test, the trial was 

deemed invalid and repeated. 

Lower extremity reaction time was 

measured using the FitLight Trainer™ system, 

which consists of eight laser-equipped LED 

sensors. 18 The sensors were arranged on the 

floor in a semi-circular pattern with equal 

spacing (Figure 1). The distance from each 

sensor to the participant was adjusted to 

correspond to one step length. Participants 

stood upright and were instructed to deactivate 

the randomly illuminated sensors by moving 

their foot toward the light without making 
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physical contact with the sensor. They were 

free to use either foot to deactivate the lights, 

as no specific instructions were given 

regarding foot selection. 

 
Figure 1. Lower extremity reaction time 

measurement. 

The test consisted of 30 random light 

activations (hits). The placement of the 

FitLights remained consistent across all trials 

for all participants. A demonstration of the test 

was provided before the assessment. Each 

participant performed the test twice, and the 

best reaction time result was recorded for 

statistical analysis. 

Interoception was evaluated using the Body 

Awareness Questionnaire (BAQ), which is a 

questionnaire consisting of four subtitles 

(changes in body processes, sleep-wake cycle, 

prediction of disease onset, prediction of body 

reactions) and a total of 18 items, aiming to 

determine the level of sensitivity to normal or 

abnormal body composition.34 Participants 

rated each item on a 7-point Likert scale, with 

higher scores indicating greater body 

awareness. 35 

Statistical Analysis 

Statistical analyses were performed using 

the Statistical Package for the Social Sciences 

(SPSS) version 25.0 (SPSS Inc., Chicago, IL). 

Normal distrubition of the variables was 

assessed using the Shapiro-Wilk test along 

with skewness and kurtosis values. Continuous 

variables were presented as mean ± standard 

deviation, while categorical variables were 

reported as numbers and percentages. Group 

comparisons were conducted using the 

Independent Samples t-test for parametric data 

and the Mann-Whitney U test for non-

parametric data. Multiple regression analysis 

was used to evaluate predictive relationships. 

The statistical significance level was accepted 

as p<0.05. 

Ethics committee approval 

Ethical approval for the study was granted 

by the Van Yuzuncu Yil University Non-

Interventional Clinical Research Ethics 

Committee (Decision No.: 2024/05-14). 

Before the study began, informed consent and 

written permission were obtained from all 

participants. The study was conducted in 

accordance with the principles of the 

Declaration of Helsinki (World Medical 

Association, Ferney-Voltaire, France, 2013). 

Results 

The group with good sleep quality was 

designated as the control group. Descriptive 

characteristics of participants in both the poor 

sleep quality group and the control group are 

presented in Table 1. Two groups showed 

similarity in terms of age, weight, height, and 

BMI (p > 0.05). 

Table 1. Descriptive and clinic data of the participants 

Variables Control (n=24) 

Mean ± SD 

Poor Sleep Quality (n=25) 

Mean ± SD 

p 

Age (years) 21.88±1.51 22.41±0.93 0.069b 

Weight (kg) 56.16±9.31 59.75±8.88 0.870a 

Height (cm) 162.01±4.98 162.51±5.77 0.164a 

BMI (kg/m2) 21.42±3.59 22.61±3.11 0.596a 

aIndependent-Samples T Test; bMann Whitney-U Test 
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The results of dynamic balance, 

interoception (BAQ), and reaction time 

assessments are presented in Table 2. In 

dynamic balance tests, individuals with poor 

sleep quality demonstrated significantly lower 

balance performance on both the dominant (p 

= 0.042) and non-dominant sides (p = 0.007). 

Similarly, BAQ scores were significantly 

lower in individuals with poor sleep quality (p 

= 0.026). Regarding reaction times, individuals 

with poor sleep quality exhibited significantly 

longer reaction times compared to the control 

group (p = 0.0001). 

Table 2. Comparison of dynamic balance, reaction time, and interoception (BAQ) by groups. 

Variables Control 

(n=24) 

Mean ± SD 

(95% CI) 

Poor Sleep Quality 

(n=25) 

Mean ± SD 

(95% CI) 

Mean 

Difference  

(95% CI) 

p* 

Dynamic balance (%LL)     

Dominant YBT 88.94±5.60 

(86.63-91.25) 

85.29±6.60 

(82.51-88.08) 

3.65 

(0.13 to 7.16) 
0.042 

Non-dominant YBT 88.37±5.83 

(85.96-90.78) 

83.58±5.92 

(81.09-86.08) 

4.78 

(1.40 to 8.15) 
0.007 

Reaction time (sec) 34.40±1.64 

(33.72-35.08) 

37.75±2.12 

(36.85-38.64) 

-3.34 

(-4.43 to -2.25) 
0.0001 

BAQ score 98,52±11.52 

(93.76-103.27) 

90.33±13.38 

(84.68-95.98) 

8.18 

(1.01 to 15.35) 
0.026 

%LL: percentage of leg length; YBT: Y balance test; BAQ: Body Awareness Questionnaire; *: Independent-Samples T Test; Statistically significant 

differences were given in bold. 

The determinants of sleep quality were 

examined using Multiple Linear Regression 

analysis (Table 3). According to the results of 

this analysis, reaction time was a significant 

predictor of sleep quality (β = 0.445, p = 

0.003). This finding indicates that a one-unit 

increase in reaction time is associated with a 

44.5% higher risk of impaired sleep quality. 

However, the effects of interoception (BAQ) 

and dynamic balance parameters on sleep 

quality were not statistically significant (p > 

0.05). 

Table 3. Multiple linear regression results for factors affecting sleep quality 

Variables B Std. Error β t p 

Constant -4.342 9.251  -0.469 0.641 

Dominant YBT 0.088 0.104 0.193 0.845 0.403 

Non-dominant YBT -0.147 0.107 -0.322 -1.370 0.178 

Reaction time 0.507 0.159 0.445 3.183 0.003 

BAQ score -0.028 0.030 -0.127 -0.934 0.355 

Dependent Variable: Quality of Sleep 

R: 0.613       R2: 0.376        F: 6.616      p: 0.0001 
YBT: Y balance test; BAQ: Body Awareness Questionnaire; Statistically significant differences were given in bold. 

Discussion 

This study evaluated the effects of sleep 

quality on balance, reaction time, and 

interoception in young women. Our findings 

revealed that individuals with poor sleep 

quality exhibited worse dynamic balance and 

interoception, as well as prolonged reaction 

times. Furthermore, it was observed that each 

unit increase in reaction time significantly 

elevated the risk of impaired sleep quality. 

Marwanasari et al. reported a strong 

association between sleep quality and dynamic 

balance.8 Similarly, Serrano-Checa et al. found 

that poor sleep quality was associated with 

slower walking speed and reduced functional 

mobility, attributing these findings to impaired 

dynamic balance.9 However, the sample of the 

studies consists of elderly individuals. It is 

well-established that the non-dominant lower 

limb has lower muscle strength compared to 

the dominant limb.36 Castor et al. reported that 

in the presence of sleep deprivation, the muscle 

strength of the non-dominant limb was 

insufficient to maintain dynamic balance. 

Dynamic stability of the non-dominant limb 

has been reported to be more affected by sleep 

deprivation. 37 These findings align with our 

results. Tanwar et al. highlighted that the Y 

Balance Test is a reliable method for detecting 

dynamic balance impairments in individuals 
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with sleep deprivation.10 In our study, 

participants with poor sleep quality 

demonstrated significantly lower performance 

in dynamic balance tests, consistent with the 

adverse effects of sleep deprivation on motor 

skills and balance control. The literature also 

indicates that sleep deprivation negatively 

impacts the vestibular system, leading to 

reduced postural stability and impaired muscle 

control.11,38 

Previous studies have predominantly used 

Psychomotor Vigilance Tests (PVT) to assess 

reaction time.17 These tests provide an 

objective evaluation of changes in alertness 

resulting from sleep deprivation, extended 

wakefulness, circadian misalignment, and 

task-induced fatigue. PVT is typically 

administered over a 10-minute period. A 2011 

study examined the validity and sensitivity of 

the brief version of PVT (PVT-B).13 The 

results indicated that the 3-minute PVT-B 

yielded faster reaction times, more false starts, 

and fewer lapses compared to the full PVT. In 

our study, reaction times were assessed using 

the Fit Light System, which recorded the time 

taken to complete 30 hits. Stavrou et al. 

employed a similar "sum of hits (rep/30 sec)" 

method in their study, which examined the 

effects of sleep quality on perceptual cognitive 

abilities in adolescent and adult athletes after 

intense exercise.18 Unlike PVT tests, our 

measurements were conducted while 

participants were standing and maintaining 

their balance on their extremities. Fit Light 

offers a shorter and more flexible assessment 

compared to traditional PVT tests, as it does 

not require a monitor. Recent studies have 

utilized Fit Light technology for evaluating 

upper extremity reaction times.39,40 However, 

research in this area remains limited. A study 

assessing lower extremity reaction times 

reported that perceptual abilities requiring 

sustained attention, alertness, and motor 

coordination were adversely affected by sleep 

deprivation.18 Similarly, our findings 

demonstrated that participants with poor sleep 

quality had significantly prolonged reaction 

times. The delay in reaction times highlights 

the profound impact of sleep quality on 

cognitive functions. Additionally, our results 

showed that reaction time is a significant 

predictor of sleep quality, with each unit 

increase in reaction time substantially 

increasing the risk of impaired sleep quality. 

Interoception, which involves the signaling 

and perception of internal bodily changes, is 

closely associated with individual differences, 

emotional style, and susceptibility to 

emotional disorders. Subjective scales are 

often used to assess interoceptive awareness. 

Previous studies have reported that sleep 

disturbances can impair perceptual and 

interpretive dimensions of body awareness, as 

well as interoceptive abilities.21,41 These 

studies used tools such as the Porges Body 

Perception Questionnaire and the 

Multidimensional Assessment of Interoceptive 

Awareness Version 2. In our study, the Body 

Awareness Questionnaire was used. One study 

reported a statistically significant association 

between women's body perception and 

subjective sleep evaluations 42, which supports 

our findings. In our study, BAQ scores were 

significantly lower in the poor sleep quality 

group, likely due to impaired sensory 

processing and reduced body perception 

capacity resulting from poor sleep quality. 

The strengths of this study include relating 

sleep quality to multiple physiological 

parameters such as dynamic balance, reaction 

time, and interoception.  

Limitation of the study 

The inclusion of only young female 

participants constitutes a limitation, as it 

precludes any comparisons across age or 

gender and consequently limits the 

generalizability of the findings. Future 

research involving more demographically 

diverse samples would offer broader and more 

representative insights into the effects of sleep 

quality. Additionally, psychological variables 

such as depression, anxiety, and daily stress—

which may influence both reaction time and 

interoceptive awareness—were not assessed 

and may be beneficial to consider in future 

research. 

Conclusion 

In conclusion, our study demonstrated that 

sleep quality significantly affects dynamic 

balance, reaction time, and interoception in 



Buke M, Şekeröz S, Akar Z.  ADYÜ Sağlık Bilimleri Derg. 2025;11(3):250-257. 

256 
 

young women. Individuals with poor sleep 

quality exhibited lower dynamic balance 

performance and interoceptive awareness, as 

well as significantly prolonged reaction times. 

Furthermore, the increase in reaction time was 

found to be a substantial predictor of impaired 

sleep quality. Our findings emphasize the 

critical role of sleep quality in motor skills, 

postural control, and sensory perception, 

underscoring the importance of improving 

sleep patterns for both individual health and 

performance. 
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