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ABSTRACT

Background: Balance, a vital component of human health, involves coordination between the vestibular, somatosensory, and
visual systems. University students are particularly susceptible to balance disturbances due to sedentary behavior, poor
lifestyle habits, and fluctuating BMI, all of which can affect both static and dynamic balance. Identifying the prevalence and
factors influencing balance disturbances in this population is essential to support targeted interventions that reduce health
risks associated with balance impairment.

Objective: To determine the prevalence of static and dynamic balance disturbances among university students, evaluate gender
differences, and examine the impact of BMI on balance stability.

Methods: A cross-sectional study was conducted with 394 university students, selected using Slovin’s formula for sample size
calculation. Data were collected through a semi-structured questionnaire encompassing demographics, anthropometric data,
and specific inclusion and exclusion criteria. Balance assessments included the Stork Test, Single Leg Stance (eyes open and
closed) for static balance, and the Y Balance Test and Timed Up and Go Test for dynamic balance. Data analysis was performed
using SPSS version 26.

Results: The study sample (n = 394) had a mean age of 21.58 + 1.64 years. BMI distribution indicated 12.5% underweight,
75.1% normal weight, and 12.4% overweight. Male participants demonstrated greater balance stability compared to females,
with mean Stork Test times of 4.79 £ 0.407 seconds for males and 4.96 + 0.198 seconds for females. Static balance impairments
were more prevalent than dynamic ones, and higher BMI was correlated with poorer balance. Participants with normal BMI
achieved higher reach distances (107.07 £ 12.56 cm) in the Y Balance Test compared to overweight individuals (86.05 + 15.23
cm).

Conclusion: A significant prevalence of balance disturbances was observed, with static impairments more common than
dynamic. Higher BMI, low physical activity levels, and sedentary habits were associated with poorer balance, whereas an active
lifestyle contributed to improved balance control.

Keywords: Balance disturbances, Body Mass Index, Dynamic balance, Physical activity, Postural stability, Static balance,
University students.
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INTRODUCTION

Balance, an integral aspect of human health, relies on the complex interaction of three primary systems: the vestibular, somatosensory,
and visual systems. The vestibular system, located within the inner ear and innervated by the vestibular branch of the vestibulocochlear
nerve, plays a vital role in spatial orientation and the detection of head movements across three dimensions, supporting equilibrium and
coordinated bodily movements (1). The semicircular canals within this system are sensitive to rotational movements, while the otolith
organs detect linear accelerations and gravitational forces, relaying critical information about head position to the brain(2, 3). The
somatosensory system contributes to balance by providing proprioceptive data on body positioning and movement through sensory
receptors in muscles, tendons, and joints. This system enables the brain to maintain a continuous awareness of body alignment, which
is fundamental for coordinated and balanced movement (4). Similarly, the visual system aids balance by processing visual cues, allowing
for constant adjustments in response to environmental shifts. Light signals, transmitted from the eyes through the optic nerve, are
interpreted by the visual cortex to facilitate spatial orientation(5, 6).

Balance can be divided into static and dynamic categories. Static balance refers to the ability to maintain an upright posture without
movement, whereas dynamic balance involves maintaining control of the body’s center of gravity during motion. In recent years, balance
disturbances have become increasingly common, especially among university students undergoing neurological, hormonal, and physical
changes, potentially elevating their risk of health complications(4). The lifestyle and habits prevalent among university students—often
marked by sedentary behavior, irregular eating patterns, and fluctuations in body mass index—can contribute to a decline in balance
stability(7, 8). Balance disorders also arise from various medical conditions and external factors. Inner ear dysfunctions, such as Benign
Paroxysmal Positional Vertigo (BPPV), Meniere’s disease, and vestibular neuritis, disrupt equilibrium by affecting the vestibular
system(1). Neurological disorders, including stroke and cerebellar ataxia, further impair balance due to damage within brain regions
responsible for motor coordination. Additionally, prolonged use of certain medications for conditions like anxiety, insomnia, muscle
spasms, and blood pressure management can lead to balance impairments over time(9).

Understanding these risk factors, such as physical inactivity, prolonged sedentary behavior, suboptimal footwear, and environmental
influences, is crucial for developing interventions to reduce the risk of balance-related injuries, especially in physically active
students(10, 11). Therefore, this study aims to investigate the prevalence of static and dynamic balance disturbances among university
students in Islamabad and to identify associated risk factors, contributing to informed strategies for enhancing student health and
safety(12, 13).

METHODS

This study employed a descriptive cross-sectional survey design to evaluate balance disturbances among undergraduate university
students. The target population consisted of students from multiple universities in Islamabad, including Ibadat International University,
Foundation University, Shifa Tameer-e-Millat University, National University of Health Sciences, Margalla Institute of Health Science,
and Capital University of Science & Technology. The study was conducted over a six-month period, from March to August 2024,
following the approval of the research synopsis(14). A non-probability convenience sampling technique was applied, with a sample size
calculated using Slovin’s formula. Based on an estimated population size of 30,000 students and a margin of error set at 0.05, a sample
size of 394 was determined. Participants met specific inclusion criteria: they were undergraduate students aged 18—25 of both genders,
physically healthy, capable of walking and standing independently, without scoliosis or other anatomical or physical limitations (11).
Individuals with musculoskeletal impairments, cardiopulmonary disorders, neurological impairments, or physical asymmetries such as
asymmetric toes, leg length discrepancies, or persistent lower extremity pain were excluded. Additionally, participants who had
undergone surgical procedures in the lower extremities within the previous six months were excluded from the study (15).

Data collection was conducted through a semi-structured questionnaire designed to gather both qualitative and quantitative data. The
questionnaire included sections on demographic information and questions based on the inclusion and exclusion criteria. Balance
assessment was conducted using the Stork Test, Single Leg Standing, Y Balance Test, and Timed Up & Go Test, which are reliable
measures for assessing static and dynamic balance. Additionally, the International Physical Activity Questionnaire (IPAQ) was used to
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assess the physical activity levels of the participants, offering a comprehensive evaluation of their activity patterns, which could
influence balance and coordination.

RESULTS

A sample size of 394 university students was utilized, determined through Slovin's formula to represent a population of approximately
30,000 students. The age distribution among participants ranged primarily between 18 and 25 years, with the most common ages being
22 and 23 (each at 17.8%), followed by 20 (16.5%) and 21 (14.7%). The mean age of participants was 21.39 years (SD = 1.823). Gender
distribution was evenly balanced at 50% male and 50% female. The BMI categories showed a predominance of normal-weight
individuals (64.7%), with the remainder categorized as overweight (16.8%), underweight (16.5%), obese (1.8%), and extremely obese
(0.3%).

Table 1: Mean and Standard Deviation of Age of Participants

Statistics

Age of participants

N 394
Mean 21.39
Std. Deviation 1.823

BMI Category Distribution of Participants
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Age Distribution of Participants
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Balance test results revealed an overall average stork test duration of 4.88 seconds (SD = 0.33), with 87.6% of participants demonstrating
poor balance. For the single-leg stance test with eyes open, the average time was 48.98 seconds (SD = 8.13), and for the eyes-closed
condition, the average time was 8.23 seconds (SD = 5.37). Performance in the Y Balance Test showed an average absolute reach distance
0f 96.56 cm (SD = 19.56). In the Time Up and Go (TUG) test, participants took an average of 7.10 seconds (SD = 1.35) to complete the
task.

Table 2: Single Leg Stance Test Results Eye Open by BMI

BMI category * single leg stance eye opened (sec) Cross tabulation

Single leg stance eye opened (sec)

BMI Category 0-10 11-20 21-30 31-40 41-50 51-60 Total Count
sec sec sec sec sec sec

Underweight (<18.5) 1 5 13 19 12 15 65

Normal (<24.9) 13 43 80 73 36 10 255

Overweight (<29.5) 3 15 24 18 4 2 66

Obese (<34.9) 0 1 2 2 1 1 7

Extremely Obese 0 0 1 0 0 0 1

(=35)

When examining performance based on BMI, individuals in the normal BMI category performed better across most balance assessments.
Those underweight generally managed between 10 and 50 seconds on the single-leg stance test with eyes open, while those in the normal
BMI category showed a broader range of 0—60 seconds. Overweight participants typically performed up to 30 seconds, with decreased
performance as BMI increased, particularly among obese and extremely obese categories, which displayed limited balance stability.
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Table 3: Y Balance Test Results by BMI

BMI category * y balance (absolute reach distance) (cm) Cross tabulation

Reach Underweight (<=18.5) Normal Overweight Obese Extremely Obese Total
Distance (cm) (<=24.9) (<=29.5) (<=34.9) (>=35)

48-57 1 1 1 0 0 3
58-67 3 7 3 0 0 13
68-77 9 22 4 1 0 36
78-87 9 22 6 1 0 38
88-97 7 33 7 1 0 48
98-107 7 21 7 | 0 36
108-117 6 20 6 0 0 32
118-127 4 5 3 0 0 12
128-137 2 5 1 0 0 8
138-149 1 3 1 0 0 5
150-159 0 0 0 0 1 1

Data from the Y Balance Test indicated that underweight and normal-weight participants reached greater distances compared to their
overweight and obese counterparts, with the latter showing reduced reach, reflecting the impact of increased BMI on balance and
mobility. The TUG test results further supported these findings, where participants with normal BMI typically completed the task in 6—
7 seconds, with slower completion times seen in higher BMI categories. Gender comparisons indicated that while males generally
performed better in the single-leg stance with eyes open, females demonstrated slightly poorer performance in the stork test. Activity
level analysis revealed that 38.1% of males were highly active compared to 18.8% of females, while inactivity was higher among females
(62.4%) than males (45.7%).

Time up and go result by BMI
w0 Ccategory

80

. 50 57
L)
5] S

Qo 20 1

E 20 E 4 1 1
= > b T
= 23 2122 3I 1 31 49 42 11 1

O —_— B

3 4 5 6 7 8 9 10 1 12

Time up and go

= underweight <=18.% normal <=24 .9 overweight <=29.% obese <=34.9 extremely obese

Figure 3: Time Up & Go Test Result by BMI Category
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Further analysis revealed that lifestyle factors, such as daily physical activity and environmental conditions, play a significant role in
balance outcomes among university students. Students with higher physical activity levels demonstrated better performance across
balance assessments, supporting the notion that active lifestyles contribute positively to stability and coordination. Conversely, sedentary
behavior, more common among females in this sample, correlated with poorer balance test results, suggesting a possible association
between reduced physical activity and balance disturbances. Environmental factors, including prolonged hours spent in academic
settings with limited physical movement, may further exacerbate balance instability, highlighting the need for targeted interventions that
promote regular physical activity and ergonomic adjustments in academic environments.

DISCUSSION

This study investigated the prevalence of static and dynamic balance disturbances among university students, examining influential
factors such as gender and BMI. Utilizing a sample of 394 students equally divided between genders, this research employed the Stork
Test, Single Leg Stance (eyes open and closed) for static balance, and the Y Balance Test alongside the Timed Up and Go (TUG) test
for dynamic balance assessments. The findings revealed significant balance disturbances, with notable variations between static and
dynamic balance performances among participants(14). Gender differences emerged as a meaningful factor, with males showing better
static balance stability in the Stork Test compared to females, who generally exhibited lower scores. This aligns with previous research
by Mocanu et al., which attributes improved balance in males to muscle mass distribution differences (7-9, 12). Male participants
averaged 4.79 seconds in the Stork Test, while females averaged 4.96 seconds, confirming minor but consistent gender-based disparities
in balance performance. Additionally, males generally outperformed females in the Y Balance Test with a mean reach distance of 107.07
cm compared to 86.05 cm, suggesting that gender-specific physiological and anatomical factors might impact dynamic stability(16, 17).

BMI also emerged as a significant determinant in balance performance. Participants categorized as underweight demonstrated stable
performance across both static and dynamic tests, possibly due to a lower fat percentage and relatively higher muscle mass. In contrast,
those in overweight and obese categories exhibited decreased balance stability, consistent with findings from Barira et al., who reported
shorter reach distances among overweight and obese individuals. This study’s results further support the inverse relationship between
BMI and balance performance, where increasing BMI correlated with lower reach distances in the Y Balance Test and prolonged times
in the TUG test, reflecting compromised dynamic balance and mobility(18, 19). Comparisons with other studies underscore the
reliability and potential limitations of the current study’s findings. For instance, a previous study conducted with 252 participants
reported average ages around 19.8 years, slightly younger than this study’s average of 21.39 years, which may contribute to observed
variations in balance performance. Unlike previous study, which only used the Single Leg Stance Test (eyes closed) for static balance,
this study included additional static tests, potentially providing a more comprehensive view of balance capabilities. While these
methodological differences add depth, they may also limit direct comparability with studies using single methods or younger cohorts(15,
20).

The current study’s strengths lie in its diverse balance assessment methods and equal gender representation, which enhances its relevance
and depth. However, limitations include its reliance on a convenience sample, potentially limiting the generalizability of the results to
other student populations. Further, environmental and lifestyle factors, such as daily physical activity levels, were not fully controlled
or analyzed, which may influence balance outcomes in this demographic. Although previous studies suggest that factors like academic
demands and physical inactivity play a role in balance stability, these aspects warrant more precise investigation in future studies.
Moreover, while gender and BMI were identified as critical factors, the complexity of balance disturbances suggests that additional
variables, including nutrition, sleep patterns, and mental health status, could provide further insight(21, 22). This study highlights the
prevalence of balance disturbances among university students and underscores the role of BMI and gender in shaping balance stability.
It suggests that targeted interventions addressing modifiable factors, such as physical activity and lifestyle changes, may help improve
balance outcomes, particularly in populations with higher BMI. The findings contribute to a growing body of evidence on balance
disturbances among young adults and underscore the need for multidimensional approaches in understanding and addressing balance
issues in this demographic.
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CONCLUSION

This study concluded that balance disturbances are notably prevalent among undergraduate university students, with static balance
impairments occurring more frequently than dynamic ones. The findings underscore the influence of higher BMI and lower physical
activity levels as primary risk factors affecting balance stability. These results highlight the importance of targeted interventions aimed
at promoting regular physical activity and healthy weight management to enhance balance, ultimately reducing health risks and
supporting better physical well-being in this population.
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