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Abstract: The Mental Health (MH) of college students is increasingly becoming a public
health concern, with rising rates of depression, anxiety, and stress. This study aims to explore
the relationship between Biomechanical Factors (BF), Physical Activity (PA), and MH
outcomes in college students, addressing gaps in current research that frequently overlook the
biomechanical features of physical well-being. A cross-sectional observational design was
employed, involving 200 college students aged 18-24. SP underwent comprehensive
assessments, including postural analysis, movement pattern evaluation, and MH screening.
Physical activity levels and cognitive resilience were also measured to evaluate their roles in
mediating and moderating the relationships between BF and MH. Key findings revealed that
poor biomechanical alignment, such as forward head posture and movement asymmetry, were
significantly associated with higher levels of depression, anxiety, and stress. Correlation
analysis showed that forward head posture correlated positively with depression (r =0.52, p <
0.01) and anxiety (r = 0.47, p < 0.01). Movement asymmetry was also associated with MH
disturbances (depression: r = 0.45, p < 0.01). PA mediated the relationship between BF and
MH, with significant indirect effects via PA for forward head posture (0.18, p < 0.05).
Cognitive resilience emerged as a significant moderator, buffering the negative impact of
biomechanical inefficiencies on MH outcomes. Within-subject comparisons indicated
improvements in BF and MH scores over a one-month follow-up, with decreases in forward
head posture (—2.2 + 1.5 degrees, p < 0.05) and depression scores (—1.5+ 1.2, p < 0.01).

Keywords: biomechanical features; biomechanical alignment; physical activity; mental health;
posture and movement

1. Introduction

Mental Health (MH) issues among college students have become a significant
public health concern worldwide, with increasing rates of anxiety, depression, and
stress reported in this population [1,2]. College students face unique challenges,
including academic pressure, social adjustment, and the transition to independence,
which can lead to MH disturbances [3]. Physical Activity (PA) is widely recognized
for its positive impact on MH, promoting psychological well-being and cognitive
resilience [4]. However, less attention has been paid to the role of Biomechanical
Factors (BF), such as posture and movement patterns, in manipulating MH outcomes
[5,6]. Understanding these factors is crucial, as they may provide a more
comprehensive approach to enhancing MH in college students [7].

Biomechanics studies human movement, posture, and the forces acting upon the
body [8,9]. Poor biomechanical alignment, such as forward head posture and
movement asymmetries, has been associated with musculoskeletal discomfort and
may contribute to psychological distress [10]. Prolonged sedentary behavior, shared
among students due to long study and screen time hours, can lead to postural
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deviations and reduced PA levels [11]. This interplay between a sedentary lifestyle,

biomechanical inefficiencies, and MH underscores the need for a holistic

understanding of how these factors impact students’ well-being [12,13].

Current research has primarily emphasized the benefits of PA on MH,
highlighting its role in reducing symptoms of depression, anxiety, and stress [14-16].
Studies have shown that regular exercise can enhance cognitive function, mood
regulation, and overall psychological resilience [17-19]. However, these studies often
overlook the biomechanical features of PA, such as how posture and movement quality
may mediate or moderate the MH benefits of exercise [20]. Additionally, the literature
on the relationship between biomechanics and MH is limited, with most studies
focusing on clinical populations rather than college students [21]. This gap in research
highlights the need to explore BF as a potential contributor to MH outcomes in this
demographic [22-25].

The current study addresses these limitations by investigating the relationship
between BF, PA, and MH among college students [26-30]. Unlike previous research
focusing on exercise frequency and intensity, this study will incorporate
biomechanical assessments such as postural alignment, movement asymmetry, and
gait analysis [31-34]. Furthermore, the study will explore the role of cognitive
resilience as a potential moderator in the relationship between biomechanics and MH,
providing a nuanced understanding of how physical and psychological factors interact.

The objectives of this study are as follows:

a) To assess the association between BF (e.g., forward head posture, movement
asymmetry) and MH outcomes (depression, anxiety, and stress) in college
students.

b) To evaluate the mediating role of PA in the relationship between BF and MH.

c) To examine the moderating effect of cognitive resilience on the relationship
between BF and MH.

d) To identify temporal changes in BF, MH status, and cognitive resilience over a
1-month follow-up period.

e) To utilize predictive modeling to identify which biomechanical and lifestyle
factors significantly predict MH outcomes.

The paper is organized as follows: Section 2 presents the methodology, Section
3 presents the data analysis, and Section 4 concludes the paper.

2. Methodology

2.1. Participants

The study initially enrolled 253 college students (141 males and 112 females)
aged between 18.2 and 24.7 years from four universities in China. SP was recruited
using a stratified sampling method to ensure diverse representation across academic
disciplines, including science (31.7%), engineering (24.9%), humanities (28.3%), and
social sciences (15.1%). The inclusion criteria specified full-time students with no
history of severe MH disorders or physical disabilities that could interfere with
movement assessments. During the eligibility screening phase, SP underwent
evaluations of PA and MH status. This process involved self-reported health
guestionnaires and a clinical valuation conducted by a licensed healthcare professional.
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Of the 253 students initially enrolled, 27 were deemed ineligible. Specifically, 11 SP
reported MH conditions (e.g., diagnosed anxiety disorders) that could impact the
study’s focus, while 16 had physical impairments (e.g., musculoskeletal issues) that
would interfere with biomechanical assessments. This screening resulted in 226
students meeting the eligibility criteria. Subsequently, a more detailed assessment was
conducted to ensure a balanced representation of PA levels among SPs. Students were
classified into physically active and sedentary groups using the International Physical
Activity Questionnaire (IPAQ). During this phase, 18 SP were excluded due to
incomplete or inconsistent IPAQ responses, leading to a shortlist of 208 students for
the study. 8 SP (3 Males and 5 Females) withdrew throughout the study. Reasons for
withdrawal included academic pressures (4 SP) and personal health issues unrelated
to the study (4 SP). This left a final sample size of 200 students (119 Males and 81
Females) who completed the study.

Within the final sample, 97 students were categorized as PA, engaging in
moderate to vigorous PA for an average of 165.7 min per week, ranging from 151 to
233 min. The remaining 103 students were classified as sedentary, with PA levels
averaging 48.2 min per week, ranging from 21.5 to 57.9 min. The SP’s average Body
Mass Index (BMI) was 22.46 kg/m?, with values ranging from 18.34 to 27.84 kg/m?,
reflecting a diverse sample of typical college students. Data on sleep patterns,
academic workload, and extracurricular activities were also collected through detailed
questionnaires to account for other lifestyle factors potentially affecting
biomechanical and MH outcomes. Ethical approval for this study was attained from
the institutional review boards of all participating universities. Informed consent was
acquired from each SP, following a thorough briefing on the study’s objectives,
procedures, and any associated risks.

2.2. Study design

This study employed a cross-sectional observational design to explore the
relationship between BF, MH, and cognitive resilience among college students. The
cross-sectional approach was selected to capture a snapshot of how BF, such as posture,
movement patterns, and PA levels, correlate with MH status and cognitive resilience
in a diverse college population. The study’s observational nature allowed for the
assessment of naturally occurring variations in these factors without the imposition of
interventions, ensuring that findings are reflective of real-world conditions in the
student population. Data was collected over 3 months, with each SP undergoing a
comprehensive evaluation. The study included multiple stages: baseline assessments,
biomechanical analysis, MH evaluation, and cognitive resilience measurement.
Baseline assessments involved collecting demographic data, lifestyle factors (e.g.,
sleep patterns, academic workload), and PA levels through the International Physical
Activity Questionnaire (IPAQ). Following baseline assessments, a detailed
biomechanical analysis was conducted. This included posture assessments using a
digital postural analysis tool and movement pattern evaluations through 3D motion
capture technology to examine aspects like gait and range of motion. MH status was
assessed using the Depression, Anxiety, and Stress Scale (DASS-21), a validated
instrument for measuring the severity of core MH symptoms in a non-clinical
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population. Cognitive resilience was measured using the Cognitive Resilience Scale
(CRS), which evaluates the SP’s ability to cope with cognitive challenges and stressors.
Both assessments were administered in a controlled manner to minimize external
influences on SP’s responses.

SP was divided into two groups based on PA levels determined by IPAQ: the
physically active and sedentary. Biomechanical data, MH status, and cognitive
resilience scores were then compared between these groups to investigate the potential
influence of PA on the BF and their associated impact on MH outcomes. Additionally,
correlations between BF (e.g., posture alignment, movement efficiency) and MH
indicators were analyzed to identify specific biomechanical risk factors related to MH.
The study also included a follow-up component where SP was monitored over 1 month
to observe any changes in BF and MH status. Although the primary study design was
cross-sectional, this follow-up allowed for preliminary visions into the temporal
dynamics between PA, biomechanics, and MH.

2.3. Measurements

To comprehensively explore the relationship between BF, MH, and cognitive
resilience, the study utilized a multi-dimensional measurement approach,
encompassing biomechanical assessments, MH evaluations, and cognitive resilience
measurements.

A. Biomechanical assessments: Postural alignment and movement patterns were the
primary focus of biomechanical assessments. Postural analysis was conducted
using a digital postural analysis tool, which utilized a series of digital photographs
taken from anterior, lateral, and posterior views. These images were analyzed
using posture assessment software to identify deviations from the neutral
alignment, such as forward head posture, rounded shoulders, and pelvic tilt.
Additionally, movement patterns were evaluated using 3D motion capture
technology. Student Participants (SP) performed a series of functional movement
tasks, including walking, squatting, and reaching, which were recorded to assess
gait, joint angles, and range of motion. Data from these tasks provided insights
into the efficiency and quality of movements, with specific attention to
asymmetries, compensatory movements, and kinematic abnormalities. Muscle
activity was also measured using surface electromyography (SEMG) for key
muscle groups during these tasks to examine the neuromuscular control
associated with various movement patterns.

B. PA levels: SP’ PA levels were measured using the IPAQ, a widely recognized
self-report instrument that assesses the frequency and duration of vigorous,
moderate, and walking activities over the past 7 days. The data collected were
used to calculate the total PA score in MET minutes/week, which helped
categorize SP into PA and sedentary groups. In addition to self-reporting,
accelerometers were provided to a subset of SP (n = 50) to objectively monitor
PA over seven consecutive days, offering a cross-validation of the self-reported
data.

C. MH evaluations: MH status was assessed using the Depression, Anxiety, and
Stress Scale (DASS-21), a 21-item self-report questionnaire that evaluates
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symptoms of depression, anxiety, and stress. Each item was rated on a 4-point
severity scale, providing subscale scores for depression, anxiety, and stress, as
well as a total score. Higher scores indicated greater severity of symptoms. To
ensure reliability and validity, SP completed the DASS-21 in a quiet and
controlled environment, with the average completion time being approximately
5-7 min. The collected data allowed for a detailed analysis of MH status
concerning biomechanical and PA variables.

D. Cognitive resilience measurements: Cognitive resilience was measured using the
Cognitive Resilience Scale (CRS), a validated tool designed to assess individuals’
ability to adapt and maintain cognitive performance under stress. The CRS
includes questions that device cognitive flexibility, problem-solving skills, and
coping mechanisms in response to cognitive challenges. SP responded to a series
of items on a 5-point Likert scale, with higher scores reflecting greater cognitive
resilience. The CRS provided a quantitative measure of SP’s cognitive coping
abilities, which were then analyzed concerning their biomechanical profiles and
PA levels.

E. Additional lifestyle factors: To control for confounding variables, additional
lifestyle factors such as sleep quality, academic workload, and dietary habits were
measured using standardized questionnaires. Sleep quality was assessed with the
Pittsburgh Sleep Quality Index (PSQI), while academic workload was quantified
by the number of hours spent on academic activities weekly.

3. Analysis

Descriptive statistics (Table 1 and Figure 1) showed that the mean age of SP was
21.47 years (SD = 1.89), ranging from 18.22 to 24.65 years. The mean BMI was 22.46
kg/m? (SD = 2.37), ranging from 18.34 to 27.81 kg/m?. Sleep quality, measured by the
PSQI score, averaged 5.83 (SD = 1.27), with scores ranging from 3.02 to 8.97. The
average academic workload was 34.17 h per week (SD = 8.68), with a minimum of
20.13 and a maximum of 49.78 h. PA levels averaged 987.6 MET-minutes/week (SD
= 324.5), ranging from 211.3 to 2348.9 MET-minutes/week. The mean forward head
angle was 42.3 degrees (SD = 8.1), ranging from 28.5 to 58.2 degrees. Shoulder
position averaged 8.64 mm (SD = 3.17), with a minimum of 4.14 mm and a maximum
of 17.27 mm. Gait speed had a mean of 1.28 m/s (SD = 0.25), ranging from 0.84 to
1.93 m/s. The mean depression score (DASS-21) was 8.72 (SD = 4.13), ranging from
0.57 to 19.86. Anxiety scores averaged 6.87 (SD = 3.52), ranging from 0.43 to 15.92.
Stress scores averaged 9.34 (SD = 4.06), ranging from 1.11 to 20.77. Cognitive
resilience scores had a mean of 28.39 (SD = 7.48), ranging from 10.24 to 44.95.
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Descriptive Statistics: Mean and Standard Deviation
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Figure 1. Descriptive statistics.

Table 1. Descriptive statistics.

Variable Mean SD Min Max
Age (years) 21.47 1.89 18.22 24.65
BMI (kg/m?) 2246 237 1834 2781
Sleep Quality (PSQI Score) 5.83 1.27 3.02 8.97
Academic Workload (hours/week) 34.17 8.68 20.13 49.78
PA (MET-minutes/week) 987.6 324.5 2113 2348.9
Forward Head Angle (degrees) 42.3 8.1 285 58.2
Shoulder Position (mm) 8.64 3.17 414 17.27
Gait Speed (m/s) 1.28 0.25 0.84 1.93
Depression Score (DASS-21) 8.72 4.13 0.57 19.86
Anxiety Score (DASS-21) 6.87 3.52 0.43 15.92
Stress Score (DASS-21) 9.34 4.06 1.11 20.77
Cognitive Resilience Score (CRS) 28.39 7.48 10.24 44.95

Group comparisons (Figure 2 and Table 2) revealed significant differences
between physically active and sedentary SP. Physically active SP had a significantly
lower forward head angle (38.4 7.9 degrees) compared to sedentary SP (45.6 +8.2
degrees, p < 0.01). SP with low depression scores also had a lower forward head angle
(37.8 £7.3 degrees) compared to those with high depression scores (46.2 £8.7 degrees,
p < 0.01). Shoulder position was better in physically active individuals (7.2 2.8 mm)
than in sedentary individuals (9.8 £3.1 mm, p < 0.01) and was similarly lower in the
low depression group (7.1 2.7 mm) versus the high depression group (10.1 3.4 mm,
p < 0.01). Gait speed was higher among physically active SP (1.38 £ 0.21 m/s)
compared to sedentary SP (1.17 £0.26 m/s, p < 0.05) and higher in the low depression
group (1.42 +0.19 m/s) compared to the high depression group (1.12 £0.27 m/s, p <
0.05). Depression scores were significantly lower in physically active SP (6.2 +3.5)
than in sedentary SP (10.4 +4.2, p <0.01). Anxiety and stress scores followed a similar
pattern, with lower scores in physically active individuals (4.8 2.9 and 7.3 £3.2,
respectively) compared to sedentary individuals (8.1 3.6 and 11.2 +4.1, respectively,
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p < 0.01). Cognitive resilience scores were higher in the physically active group (31.7
+6.5) compared to the sedentary group (24.9 £7.1, p <0.01).

Table 2. Group comparisons.

Parameter Physically Active Sedentary (Mean value Low Depression High Depression p-value (Depression
(Mean £SD) +SD) P Score (Mean £SD) Score (Mean £SD) Group)

Forward Head 38.4 £7.9 45.6 8.2 <001  37.873 46.2 +8.7 <0.01

Angle (degrees)

(Srz‘r’#)'der Position 75 478 9.8+3.1 <001 7127 10.1 +3.4 <0.01

Gait Speed (m/s) 1.38 £0.21 1.17 £0.26 <0.05 1.42 £0.19 1.12 £0.27 <0.05

Depression Score

(DASS-21) 6.2 £3.5 10.4 4.2 <0.01 - - -

Anxiety Score

(DASS-21) 4829 8.1 +3.6 <0.01 - - -

gtlr)ess Score (DASS- 73 43 112 +4.1 <001 - - -

Cognitive Resilience

Score (CRS) 31.7£6.5 249 +£7.1 <0.01 - - -

Group Comparisons: Physically Active vs Sedentary

| I [ Physically Active
Cognitive Resilience Score (CRS) | [ Sedentary

Stress Score (DASS5-21) ;I
Anxiety Score [DASS—Zl}l§J

Depression Score (DASS-21) b s

Parameters

Gait Speed (mfs}gl

Shoulder Position (mm) |:|

Forward Head Angle (degrees)

0 10 20 30 0
Mean Values

Figure 2. Group comparison results.

Correlation coefficients (Table 3 and Figure 3) indicated significant
relationships between BF and MH. Forward Head Posture had a positive correlation
with depression (r = 0.52, p<0.01), anxiety (r = 0.47, p < 0.01), and stress (r = 0.49, p
< 0.01). Movement Asymmetry was positively correlated with depression (r =0.45, p
< 0.01), anxiety (r =0.38, p <0.05), and stress (r = 0.42, p < 0.01). Shoulder Position
showed a positive correlation with depression (r = 0.39, p < 0.05), anxiety (r = 0.35,
p < 0.05), and stress (r = 0.36, p < 0.05). Gait Speed was negatively correlated with
depression (r = -0.41, p < 0.01), anxiety (r =—0.37, p < 0.05), and stress (r = —0.40,
p <0.01).
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Table 3. BF and MH: Correlation coefficients.

BF

Depression Score (r) Anxiety Score (r)  Stress Score (r)

p-value p-value p-value
(Depression)  (Anxiety)  (Stress)

Forward Head Posture (degrees)
Movement Asymmetry (%)
Shoulder Position (mm)

Gait Speed (m/s)

0.52 0.47 0.49 <0.01 <0.01 <0.01
0.45 0.38 0.42 <0.01 <0.05 <0.01
0.39 0.35 0.36 <0.05 <0.05 <0.05
—0.41 —-0.37 —0.40 <0.01 <0.05 <0.01

Biomechanical Factors and Mental Health: Correlation Coefficients

[ Depression Score (r)
‘ [ Anxiety Score (r)
Gait Speed (m/s) | [ Stress Score (r)

Shoulder Position (mm) | |

Movement Asymmetry (%) | ‘

Biomechanical Variables

Forward Head Posture (degrees) | |

-0.4 -0.2 0.0 0.2 0.4
Correlation Coefficients (r)

Figure 3. Correlation coefficients of BF and MH.

Multiple regression analyses (Table 4 and Figure 4) identified significant
predictors for MH outcomes. For Depression, forward head posture had a positive beta
coefficient of 0.35 (p < 0.01), indicating a strong direct relationship with higher
depression scores. Movement asymmetry (beta = 0.29, p < 0.05) and shoulder position
(beta = 0.22, p < 0.05) were also positively associated with depression. Gait speed
showed a negative association (beta = —0.26, p < 0.05), suggesting that higher gait
speed is linked to lower depression levels. Sleep quality was a strong predictor (beta
=0.41, p < 0.01), with poorer sleep quality related to increased depression. PA had a
negative beta coefficient of -0.38 (p < 0.01), indicating that higher PA is associated
with lower depression. For Anxiety, forward head posture was a significant predictor
with a beta coefficient of 0.32 (p < 0.01). Movement asymmetry (beta = 0.24, p < 0.05)
and shoulder position (beta = 0.19, p < 0.05) were also positively associated with
higher anxiety levels. Gait speed had a negative effect (beta = —0.23, p < 0.05),
indicating that increased gait speed is linked to reduced anxiety. Poor sleep quality
(beta = 0.37, p < 0.01) and lower PA levels (beta = —0.34, p < 0.01) were strong
predictors of higher anxiety. For Stress, forward head posture showed a beta
coefficient of 0.33 (p < 0.01), indicating a positive relationship with higher stress
levels. Movement asymmetry (beta = 0.27, p < 0.05) and shoulder position (beta =
0.21, p < 0.05) were also significant positive predictors. Gait speed was negatively
associated with stress (beta = —0.25, p < 0.05). Sleep quality (beta = 0.39, p < 0.01)
and PA (beta = —0.36, p < 0.01) were strong predictors, indicating that poorer sleep
and lower PA levels are associated with higher stress.
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Table 4. Multiple regression analyses—predictive modeling for MH outcomes.

Predictor Variable Beta Coe_fficient p-value _ Beta _Coefficient p-valye Beta Coefficient p-value
(Depression) (Depression)  (Anxiety) (Anxiety)  (Stress) (Stress)
Forward Head Posture (degrees) 0.35 <0.01 0.32 <0.01 0.33 <0.01
Movement Asymmetry (%) 0.29 <0.05 0.24 <0.05 0.27 <0.05
Shoulder Position (mm) 0.22 <0.05 0.19 <0.05 0.21 <0.05
Gait Speed (m/s) —-0.26 <0.05 —-0.23 <0.05 —0.25 <0.05
Sleep Quality (PSQI Score) 0.41 <0.01 0.37 <0.01 0.39 <0.01
PA (MET-minutes/week) —0.38 <0.01 -0.34 <0.01 —-0.36 <0.01

Multiple Regression Analyses - Predictive Modeling for Mental Health Outcomes

Physical Activity (MET-minutes/week)

Sleep Quality (PSQI Score)

Gait Speed (m/s)

Shoulder Position (mm})

Predictor Variables

Movement Asymmetry (%)

Forward Head Posture {degrees)

[ Depression
EE Anxiety
3 Stress

—

0.4

=02 -0.1 0.0 0.1

Beta Coefficients

-0.3

0.2

0.3 0.4

Figure 4. Multiple regression analyses—Predictive modeling for MH outcomes.

Mediation analysis (Table 5 and Figure 5) showed that PA significantly
mediated the relationship between BF and depression. For Forward Head Posture, the
direct effect on depression was 0.30 (p < 0.01), and the indirect effect via PA was 0.18
(p < 0.05), resulting in a total effect of 0.48, with a significant Sobel test. For
Movement Asymmetry, the direct effect was 0.25 (p < 0.05), and the indirect effect
via PA was 0.14 (p < 0.05), yielding a total effect of 0.39 and a significant Sobel test.
For the Shoulder Position, the direct effect was 0.19 (p < 0.05), and the indirect effect
was 0.11 (p < 0.05), with a total effect of 0.30, also showing significance in the Sobel

test.

Table 5. Mediation analysis: PA as a mediator.

- DifectEffot  IniectEfect 1oy g ZYAIUE Ot G Signicanc
Effect) (Sobel Test)
Forward Head Posture (degrees) 0.30 0.18 0.48 <0.01 <0.05 Significant
Movement Asymmetry (%) 0.25 0.14 0.39 <0.05 <0.05 Significant
Shoulder Position (mm) 0.19 0.11 0.30 <0.05 <0.05 Significant
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Mediation Analysis: Physical Activity as a Mediator

[ Direct Effect
I Indirect Effect
[ Total Effect

Shoulder Position (mm) ‘

Movement Asymmetry (%) |

Biomechanical Factors

Forward Head Posture (degrees)

0.0 0.1 0.2 0.3 0.4 0.5
Effect Size

Figure 5. Mediation analysis: PA as a mediator.

Moderation analysis (Table 6 and Figure 6) showed that cognitive resilience
significantly moderated the relationship between BFs and depression. For Forward
Head Posture, the interaction term was —0.22 (p < 0.05), with an effect on depression
of 0.45 in low cognitive resilience and 0.23 in high cognitive resilience. For Movement
Asymmetry, the interaction term was —0.18 (p < 0.05), affecting depression of 0.38 in
low cognitive resilience and 0.20 in high cognitive resilience. For Shoulder Position,
the interaction term was —0.15 (p < 0.05), with an effect on depression of 0.33 in low
cognitive resilience and 0.18 in high cognitive resilience.

Table 6. Moderation analysis-cognitive resilience as a moderator.

Interaction Term Effect on Depression  Effect on Depression .
. p-value . . i Moderation
BF (BF* Cognitive . (Low Cognitive (High Cognitive L
- (Interaction) . - Significance
Resilience) Resilience) Resilience)
Forward Head Posture (degrees) -0.22 <0.05 0.45 0.23 Significant
Movement Asymmetry (%) —0.18 <0.05 0.38 0.20 Significant
Shoulder Position (mm) —-0.15 <0.05 0.33 0.18 Significant
Moderation Analysis: Cognitive Resilience as a Moderator
3 Low Cognitive Resilience
[ High Cognitive Resilience
3 Interaction Term
Shoulder Position (mm)
_§ Movement Asymmetry (%)
:
Forward Head Posture (degrees)
02 01 0.0 01 02 03 0.4

Effect Size

Figure 6. Moderation analysis-cognitive resilience as a moderator.

Exploratory Factor Analysis (Table 7) identified three factors explaining the
relationship between BF and MH outcomes. Factor 1: Postural Efficiency had high
loadings on BF, specifically forward head posture (0.78) and shoulder position (0.72),
explaining 32.4% of the variance. Factor 2: Movement Quality was defined by

10
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loadings on movement asymmetry (0.69) and gait speed (—0.65), accounting for 28.7%
of the variance. Together, these two factors explained a cumulative variance of 61.1%,
highlighting key biomechanical constructs related to postural and movement
efficiency. Factor 3: MH Disturbance was characterized by high loadings on MH
outcomes, including depression (0.82), anxiety (0.75), and stress scores (0.79),
explaining an additional 29.5% of the variance. This factor represents the MH domain
and, combined with the BF, explains a cumulative variance of 90.6%. These findings
suggest that distinct biomechanical constructs such as postural efficiency and
movement quality are associated with MH disturbance, indicating a complex interplay
between physical and psychological domains.

Table 7. Exploratory factor analysis for biomechanical and MH constructs.

Factor

Cumulative

Loadings on MH Outcomes . Variance
Expl %
xplained (%) Explained (%)

Loadings on Biomechanical Variance
Parameters

Factor 1: Postural Efficiency

Factor 2: Movement Quality

Factor 3: MH Disturbance

Forward Head Posture (0.78),

. 324 324
Shoulder Position (0.72)
Movement Asymmetry
28.7 61.1
(0.69), Gait Speed (—0.65)
Depression Score (0.82), Anxiety Score 295 906

(0.75), Stress Score (0.79)

Analysis of temporal changes (Table 8 and Figure 7) over the 1-month follow-
up period showed significant improvements in BF and MH status. Forward Head
Posture decreased from 42.3 £8.1 degrees at baseline to 40.1 +7.8 degrees, with a
mean change of —2.2 & 1.5 degrees (p < 0.05). Movement Asymmetry reduced from
12.5 +4.3% to 10.9 = 4.1%, showing a mean change of —1.6 + 1.3% (p < 0.05). For
MH outcomes, Depression Scores significantly decreased from 8.7 £4.1t0 7.2 £3.8,
with a mean change of —1.5 = 1.2 (p < 0.01). Anxiety Scores dropped from 6.9 £3.5
to 5.8 = 3.2, with a mean change of —1.1 + 1.0 (p < 0.05). Stress Scores also showed a
significant decrease from 9.3 £ 4.0 to 8.1 £ 3.7, with a mean change of —1.2 £ 1.1 (p
< 0.05). Cognitive Resilience Scores improved, increasing from 28.4 £7.5t0 30.1 +
7.2, with a mean change of 1.7 £1.4 (p < 0.01).

Table 8. Temporal changes over one-month follow-up.

One-Month Follow-up (Mean +

Parameter Baseline (Mean +SD) SD) Change (Mean £SD)  p-value (Change)
Forward Head Posture (degrees)  42.3 £8.1 40.1 +7.8 -22+1.5 <0.05
Movement Asymmetry (%) 125%43 109 +4.1 -1.6£13 <0.05
Depression Score (DASS-21) 8.7+41 7.2+3.8 -1.5+12 <0.01
Anxiety Score (DASS-21) 6.9 +35 5.8 +3.2 -1.1+1.0 <0.05
Stress Score (DASS-21) 9.3+4.0 8.1 +3.7 -12+1.1 <0.05
Cognitive Resilience Score (CRS) 28.4 +7.5 30.1+7.2 1.7+14 <0.01
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Temporal Changes over One-Month Follow-up
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Figure 7. Temporal changes over one-month follow-up.

Within-subject comparisons using paired t-tests (Table 9 and Figure 8) further
confirmed these significant changes. Forward Head Posture decreased from 42.3 8.1
degrees at baseline to 40.1 +=7.8 degrees (t = 2.65, p < 0.01), with an effect size
(Cohen’s d) of 0.48. Movement Asymmetry reduced from 12.5 +4.3% t0 10.9 +£4.1%
(t=2.42, p <0.05), with an effect size of 0.42. For MH outcomes, Depression Scores
significantly decreased from 8.7 £4.1t0 7.2 £3.8 (t = 3.14, p < 0.01), with an effect
size of 0.52. Anxiety Scores also showed a significant reduction from 6.9 +3.5t0 5.8
+3.2 (t=2.23, p < 0.05), with an effect size of 0.39. Stress Scores decreased from 9.3
+4.0t0 8.1 £3.7 (t = 2.45, p < 0.05), with an effect size of 0.41. Cognitive Resilience
Scores significantly increased from 28.4 7.5 to 30.1 7.2 (t = 3.67, p < 0.01), with
a large effect size of 0.59.

Table 9. Within-subject comparisons: Paired t-tests.

Parameter

Baseline (Mean =SD)  Follow-up (Mean £SD) t-value p-value Effect Size (Cohen’s d)

Forward Head Posture (degrees)
Movement Asymmetry (%)
Depression Score (DASS-21)
Anxiety Score (DASS-21)

Stress Score (DASS-21)
Cognitive Resilience Score (CRS)

423 8.1 40.1 +7.8 2.65 <0.01 0.48
125 +4.3 109 +4.1 242 <0.05 0.42
8.7%4.1 7.2+38 3.14 <0.01 0.52
6.9 +35 58+3.2 2.23 <0.05 0.39
9.3+4.0 8.1+3.7 2.45 <0.05 0.41
284 %75 30.1 +7.2 3.67 <0.01 0.59
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Within-Subject Comparisons: Paired t-tests
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Figure 8. Within-subject comparisons: Paired t-tests.

4. Conclusion and future work

This study comprehensively studies the interplay between BF, PA, and MH in
college students. The findings reveal that biomechanical inefficiencies, such as
forward head posture and movement asymmetry, are significantly associated with
increased levels of depression, anxiety, and stress. These associations underscore the
importance of considering biomechanical health as a key component of MH in this
population. Additionally, PA was identified as a significant mediator in the
relationship between biomechanics and MH, indicating that promoting PA can
mitigate the negative impact of poor biomechanical alignment on psychological
outcomes. Cogpnitive resilience was found to moderate the effects of BF on MH,
suggesting that students with higher cognitive resilience are better equipped to cope
with the psychological strain associated with biomechanical inefficiencies. This
highlights the potential value of interventions to enhance cognitive resilience
alongside biomechanical corrections to support MH in college students. The study also
demonstrated temporal improvements in BF and MH outcomes over the one-month
follow-up period, indicating that positive changes in posture and movement patterns
can contribute to psychological well-being. These findings advocate for a holistic
approach to MH interventions in the college student population. Integrating
biomechanical assessments with approaches to promote PA and cognitive resilience
makes it possible to develop more effective programs that address the multifaceted
nature of MH.

Future research should focus on longitudinal studies to further explore
biomechanical and PA interventions’ causal relationships and long-term effects on
MH outcomes.
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