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ABSTRACT This study evaluates the effects of aerobics training on physical health, emphasizing
the auxiliary role of sportswear design in cardiopulmonary function and exercise performance. An 8-
week controlled experiment was conducted with 20 female aerobics athletes to compare professional
gradient compression sportswear with conventional cotton sportswear. The results show that gradient
compression sportswear produced significant physiological and biomechanical improvements. Compared
with the control group, the experimental group achieved a 13.4% greater increase in maximal oxygen
uptake (VOsmax) (p < 0.001) and a 14.4% higher lactate threshold. Exercise economy was also improved,
with 10.6% lower energy consumption and a 33.3% reduction in muscle vibration energy (p < 0.001).
Subjective assessments indicated lower ratings of perceived exertion and higher thermal comfort in the
compression group (p < 0.001). These results confirm that gradient compression sportswear can serve as an
effective auxiliary engineering design for enhancing cardiopulmonary adaptation and athletic performance
during aerobics training, while also providing quantitative support for high-performance sportswear and
wearable monitoring applications.

INDEX TERMS aerobics training, compression sportswear, cardiopulmonary function, athletic perfor-
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I. INTRODUCTION

ITH a growing emphasis on health and wellness,
W aerobics has become a popular form of exercise due
to its ability to improve fitness, strength, and aesthetics [1-
3]. As a form of moderate-to-high intensity aerobic activity,
it effectively enhances cardiopulmonary function, muscle
strength, and body composition [4]. Studies have shown
that long-term aerobics training can significantly increase
maximal oxygen uptake (VOsmax) and reduce resting heart
rate, thereby lowering the risk of cardiovascular disease [5—
7]. However, the effectiveness of training is also influenced
by external factors, notably sportswear design [8—10]. Ap-
propriate sportswear can improve comfort, reduce injury
risk, and enhance athletic performance [11,12]. For instance,
fabrics with superior heat and moisture management proper-
ties can improve endurance by maintaining thermal balance
[13,14]. Advanced technologies like compression garments
are designed to provide biomechanical support, potentially
reducing muscle vibration and improving blood circulation
[15,16]. According to Poiseuille’s law, external pressure can
influence vessel radius, thereby affecting blood flow and
oxygen delivery. Similarly, reducing muscle vibration can
conserve energy, as muscle vibration energy is a form of
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non-productive work.

While the benefits of aerobics and advanced sportswear
are recognized individually, there is a lack of experimental
research quantifying the specific synergistic effects of pro-
fessional sportswear on aerobics performance. Most studies
are descriptive, focusing on material properties without in-
depth experimental verification in a sports-specific context.
To address this gap, this study conducts a controlled exper-
iment to systematically investigate the auxiliary effect of
gradient compression sportswear on the cardiopulmonary
function, exercise economy, and subjective experience of
aerobics athletes.

Il. MATERIALS AND METHODS

A. PARTICIPANTS

Characteristics of subjects: 20 female Aerobics athletes
(age 22 £ 3 years, BMI 20 + 1.5) were recruited, all of
whom were national level II athletes, without history of
cardiovascular disease, and had been trained for > 3 years.
This study has been approved by the Ethics Committee of
Zibo Vocational Institute. All participants provided informed
consent prior to the study.
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B. EXPERIMENTAL DESIGN

Grouping method: a randomized double-blind controlled
design was used, and the participants were divided into
two groups. The experimental group (n = 10) wear gradient
compression clothing (Brand: SKINS A400, 2XU Elite,
and CW-X Stabilyx; ankle pressure 20-25 mmHg, RET
= 6.2-6.8). By contrast, the control group (n = 10) wear
conventional cotton sportswear (breathable RET = 12.5,
non-compression design).

C. TRAINING AND TEST PLAN
Training cycle: 8 weeks, 4 times a week, 60 minutes each
time. The training content is standardized (including warm
up, high-intensity interval training, strength training, and
stretching).

Training intensity was maintained at 70%—85% of the
maximum heart rate (HRmax), monitored in real-time using
a Polar H10 heart rate monitor.

D. DATA COLLECTION AND ANALYSIS
Physiological and subjective data were collected at baseline
(week 0), midpoint (week 4), and post-test (week 8).

1) Cardiopulmonary function
(1) Maximum oxygen uptake (VOymax):

Test method: The Bruce treadmill incremental load
scheme was adopted, and oxygen was measured by a gas
metabolism analyzer (cosmod K5).

Formula application:

peak oxygen uptake(L/min)
weight(kg)

(2) Blood lactate threshold (LT):

Test method: Earlobe blood samples are collected on a
power bicycle with an increasing load of 25W/3 min, and
a Biosen C-Line analyzer is used to detect blood lactate
concentration.

Judgment criteria: Personalized lactate thresholds were
determined using the Dmax method (maximal distance from
the lactate curve to a line connecting the first and last data
points) and Log-Log transformation. This approach accounts
for individual variability in aerobic and anaerobic metabolic
responses.

VOQ max —

E. EVALUATION OF SPORTS ECONOMY
(1) Energy consumption (E):

Test plan: A 30-min aerobics is performed under a fixed
load (70% VOsmax), and energy consumption is calculated
through indirect calorimetry.

Formula application:

_ VO3 x5 (kcal/L) x 30 (min)

E
weight (kg)

(uint : kecal/kg).

(2) Muscle vibration energy

Test equipment: An inertial sensor (Noraxon IMU) is
attached to the quadriceps and gastrocnemius muscles to
record vertical acceleration (sampling frequency 1,000 Hz).

The formula application is as follows:

1 n

2

Evp, = 5 E m;a;,
i=1

where m,; denotes the muscle mass, and a; refers to
acceleration.

F. SUBJECTIVE PERCEPTION ASSESSMENT
(1) Subjective Fatigue Scale (RPE): Borg 6-20 scale is used,
and scoring is immediately conducted after training.

(2) Thermal Comfort Rating: This test is carried out on
a 5-point scale (from 1 = Extremely Uncomfortable to 5 =
Extremely Comfortable).

G. STATISTICAL ANALYSIS

An Analysis of Variance (ANOVA) was used to compare
the performance between different brands of compression
wear, while independent t-tests were used to compare the
final results between the experimental and control groups.
The significance level was set at p < 0.05.

lll. RESULTS AND DISCUSSION

A. BASELINE EQUIVALENCE AND DYNAMIC CHANGES
OVER TIME

At the start of the intervention (Week 0), baseline measure-
ments confirmed that there were no statistically significant
differences between the experimental and control groups
across all key physiological and performance metrics (p >
0.05 for all variables), as detailed in Table 1. This establishes
the homogeneity of the two groups prior to the study.
An initial ANOVA confirmed no significant performance
variations among the different brands of compression wear
(p > 0.05 for all key metrics), justifying the aggregation
of their data to form the experimental group for primary
analysis.

TABLE 1. Baseline Characteristics of Participants (Week 0, Mean + SD)

Metric Experimental Control p-value
Group (n = 10)  Group (n = 10)

VOomax (mL/kg/min) 452 + 3.1 448 + 35 0.79

Lactate Threshold 65.4 £ 4.2 66.1 £ 3.9 0.70

(% VO2max)

Energy Consumption (kcal/kg) 48 £ 05 49 + 04 0.56

B. CARDIOPULMONARY FUNCTION

The experimental group exhibited a markedly greater en-
hancement in cardiopulmonary capacity. As illustrated in
Figure 1, the average improvement in Maximal Oxygen
Uptake (VOgmax) for the experimental group was 13.4%,
which was significantly higher than the 6.2% gain observed
in the control group (p < 0.001). Similarly, the Lactate
Threshold (LT) saw an average increase of 14.4% in the
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experimental group, a significantly greater improvement
than the 5.6% increase in the control group (p < 0.001).
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FIGURE 1. Cardiopulmonary Function Improvement

The significant improvement in VOgmax and LT pro-
vides strong evidence for the auxiliary role of compres-
sion sportswear in enhancing cardiovascular performance.
The primary mechanism is likely improved hemodynamics
[17,18]. The gradient pressure exerted by the garments,
which is highest at the ankle and decreases proximally,
is thought to enhance venous return to the heart. This
increases cardiac preload and stroke volume, leading to a
more efficient cardiac output (Q) and ultimately a higher
capacity for oxygen transport and utilization (VO;max).
The elevation of the lactate threshold suggests that this
enhanced oxygen delivery delays the onset of anaerobic
metabolism, allowing athletes to maintain higher intensity
exercise for longer periods before significant fatigue sets in
These findings are consistent with studies in other endurance
sports, such as running and cycling, which also report
the benefits of compression wear on circulatory efficiency
[19,20].

C. EXERCISE ECONOMY

The use of compression sportswear led to a significant
improvement in exercise economy. As shown in Figure 2,
the energy consumption during the standardized aerobics
routine was 4.2 kcal/kg for the experimental group, 10.6%
lower than the 4.7 kcal/kg consumed by the control group
(p < 0.001). Furthermore, muscle vibration energy, a mea-
sure of non-productive energy expenditure, was drastically
reduced to an average of 12.2 J in the experimental group,
a 33.3% reduction compared to the 18.3 J recorded for the
control group (p < 0.001).
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FIGURE 2. Comparison of exercise economy indicators between the
experimental and control groups

The observed improvements in exercise economy are at-
tributable to biomechanical factors. The primary contributor
is the reduction of soft tissue oscillation. During dynamic
movements like jumping and landing in aerobics, muscles
vibrate, which dissipates energy that does not contribute
to the movement itself. By compressing the muscles, the
sportswear acts as an external stabilizer, damping these
vibrations and thus conserving metabolic energy [20,21].
This allows a greater proportion of the energy produced
by the muscles to be converted into productive mechanical
work, making movement more efficient. The lower overall
energy consumption is a direct reflection of this improved
mechanical efficiency.

D. SUBJECTIVE ASSESSMENT

The subjective feedback from participants correlated
strongly with the objective physiological data. As shown in
Figure 3, the average Rating of Perceived Exertion (RPE)
on the Borg 6-20 scale was significantly lower for the
experimental group (12.2, corresponding to "Fairly light")
compared to the control group (14.5, corresponding to
"Somewhat hard") (p < 0.001). In terms of thermal comfort,
the experimental group reported a significantly higher aver-
age score of 4.3 out of 5 ("Comfortable"), while the control
group reported an average of 2.7 ("Slightly uncomfortable")
(p < 0.001).

Value

RPE Thermal Comfort

W Experimental ® Control

FIGURE 3. Subjective Assessment

The lower perceived exertion in the experimental group
is a logical consequence of their improved physiological
efficiency. Because their bodies were working more eco-
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nomically and with better oxygen supply, the same abso-
lute workload felt subjectively easier. The superior thermal
comfort is directly linked to the material science of the
sportswear. The synthetic fabrics used in compression gar-
ments have significantly better moisture-wicking properties
and lower water vapor resistance (lower RET value) than
the cotton worn by the control group. This allows for more
efficient sweat evaporation, which is the body’s primary
mechanism for cooling, thus preventing heat accumulation
and maintaining a more comfortable microclimate next to
the skin.

While this study provides valuable insights, its limitations
must be acknowledged. The sample consisted exclusively of
young, female, well-trained athletes, which may limit the
generalizability of the findings to male athletes, older adults,
or novice exercisers. Additionally, the 8-week duration,
while sufficient to observe significant changes, does not
capture potential long-term adaptation effects.

Future research should aim to validate these findings in
more diverse populations. Investigating the effects of com-
pression wear over longer periods (e.g., 6 months or more)
would also be beneficial. Furthermore, with the advent of
smart, there is an opportunity to explore dynamic compres-
sion garments that can adjust pressure levels in real-time
based on an athlete’s physiological feedback, potentially
offering a personalized and even more effective intervention.

IV. CONCLUSION

This study successfully quantified the significant auxiliary
effects of gradient compression sportswear on aerobics
training. The experimental results demonstrate that, com-
pared to conventional sportswear, compression garments
lead to marked improvements in cardiopulmonary func-
tion (higher VOomax and LT), enhanced exercise economy
(lower energy consumption and muscle vibration), and a
more positive subjective experience (lower RPE and greater
comfort). These findings confirm that scientifically designed
sportswear is not merely a passive accessory but an active
tool that can optimize physiological responses and enhance
athletic performance. This research provides a solid empir-
ical basis for athletes, coaches, and apparel designers to
leverage advanced sportswear technology for more effective
and efficient health and fitness outcomes.
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