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Abstract

Background

Overtraining syndrome (OTS) is characterized by hypothalamic—pituitary—adrenal (HPA) axis
dysregulation and chronic cortisol elevation, affecting up to 35-60% of competitive athletes [3,4]. While
high-intensity interval training (HIIT) enhances cardiorespiratory fitness [10,12], and Pilates improves
neuromuscular control and stress modulation [16-18], integrated interventions targeting
neuroendocrine-metabolic optimization remain underexplored.

Trial registration

The study was retrospectively registered with the ISRCTN Registry on 31 July 2026 under registration
number ISRCTN10727055.

Objective

To investigate the effects of a 16-week combined Pilates and HIIT program on serum cortisol,
cardiorespiratory fitness, muscular endurance, metabolic markers, and perceived stress in competitive
athletes.

Methods

Eighty competitive athletes (mean age 25.39 + 0.69 years) participated in a prospective controlled
interventional study conducted in Chennai, India, between January and May 2024.

Results

Post-intervention analysis showed significant reductions in cortisol (-34.3%, p < 0.001) and
improvements in VO,max (+11.8%, p = 0.001), push-ups (+25.3%, p < 0.001), and crunches (+119%, p <
0.001). Fasting glucose decreased (-5.2%, p = 0.004), and HDL cholesterol increased (+8.3%, p < 0.001).
Cortisol demonstrated a strong inverse correlation with PSS scores (r = -0.68, p < 0.001).

Conclusions

Combined Pilates-HIIT training significantly improved neuroendocrine regulation, fitness performance,
and selected metabolic parameters. These findings support integrated training approaches for
performance optimization and stress regulation in competitive athletes.

Introduction

Athletic training requires a balance between physiological overload and adequate recovery [9]. Disruption
of this balance may result in overtraining syndrome (OTS), characterized by persistent fatigue,
performance decline, and HPA axis dysregulation [3, 4, 8]. Chronic elevation of cortisol, the principal
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glucocorticoid hormone [5, 7], is associated with metabolic dysfunction, immunosuppression, and
impaired muscle recovery [6, 26].

Exercise plays a critical role in health resilience and neuroendocrine regulation [1, 2, 27]. High-intensity
interval training (HIIT) improves VO,max, mitochondrial density, and insulin sensitivity [10, 28], and
enhances vascular function [14]. However, repeated high-intensity exposure may acutely elevate cortisol
[15, 29], potentially contributing to maladaptation when recovery is insufficient.

In contrast, Pilates emphasizes controlled breathing, core stabilization, and mindful movement [16, 17].
Evidence suggests Pilates improves balance, flexibility, and mental health outcomes [18-20, 24], and
movement-based mindfulness approaches may reduce stress-related physiological markers [21, 22].

Although both modalities independently provide physiological and psychological benefits, limited
evidence exists regarding their combined neuroendocrine and metabolic effects. Therefore, this study
aimed to evaluate the impact of integrated Pilates and HIIT training on stress biomarkers,
cardiorespiratory fitness, metabolic health, and perceived stress in competitive athletes.

Materials and Methods
Study Design

Eighty competitive athletes (mean age 25.39 + 0.69 years) participated in a controlled interventional
study conducted in Chennai, India.Participants

Eighty recreational sports players aged 18-25 years were enrolled in the study. Participants were
required to be willing to provide written informed consent and able to participate in the 16-week exercise
program. Exclusion criteria included endocrine disorders, medication affecting cortisol or metabolism,
psychiatric illness, smoking, and musculoskeletal injury.

Participants were assigned to an intervention group and an active control group according to the
predefined recruitment source rather than through formal random allocation.

Intervention

Participants were assigned to an intervention group and an active control group according to the
predefined recruitment source rather than through formal random allocation. The intervention group
received a supervised 16-week combined Pilates and high-intensity interval training (HIIT) program
consisting of five sessions per week, including three HIIT sessions and two Pilates sessions. HIIT was
performed on a treadmill at 85-90% of maximum heart rate using interval training. Pilates consisted of
mat-based exercises focusing on core stabilization, breathing control, flexibility, balance, posture, and
muscular endurance.
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Participants in the active control group continued their structured conventional exercise program with a
similar frequency and duration but did not receive the combined Pilates-HIIT intervention. Instrumental
music was used during the intervention sessions to enhance exercise adherence and
psychophysiological engagement.

Outcome Measures

Assessments were conducted at baseline and after completion of the 16-week intervention.

Primary Outcomes:

1. Serum cortisol (morning fasting ELISA) [6]
2. VO,max (ACSM submaximal treadmill estimation)
3. Push-up and crunch endurance tests

Secondary Outcomes:

1. Fasting glucose
2. Insulin

3. HOMA-IR

1. Lipid profile
2. Perceived Stress Scale (PSS-10)

Statistical Analysis

Data were analyzed using SPSS v22. Continuous variables are presented as mean = SEM. Paired t-tests
assessed pre—post changes. Pearson correlation examined relationships between cortisol and PSS.
Significance was set at p < 0.05.

Results

Baseline participant characteristics are presented in Table 1.

Participant Characteristics

Mean age was 25.39 + 0.69 years; 80% were male. All participants completed the intervention.
Primary Outcomes
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Significant improvements were observed:
1. Cortisol: 140.83 + 13.44 10 92.50 + 2.14 ng/mL (p < 0.001)
The reduction in serum cortisol levels is illustrated in Fig. 1.
1. VO,max: 41.87 + 0.22 to 46.82 + 0.19 mL/kg/min (p = 0.001)
Improvements in cardiorespiratory fitness are presented in Fig. 2.
1. Push-ups: +25.3% (p < 0.001)
Changes in muscular endurance (push-ups) are shown in Fig. 3
1. Crunches: +119% (p < 0.001)
Abdominal endurance improvements are presented in Fig. 4.
Neuroendocrine and performance outcomes are summarized in Table 2.
Secondary Outcomes

1. Fasting glucose decreased significantly (p = 0.004)

2. HDL cholesterol increased (p <0.001)

3. LDL and triglycerides showed no significant change

4. Strong inverse correlation between cortisol and PSS (r=-0.68, p < 0.001)

Correlation analysis between cortisol and perceived stress is detailed in Table 4.

Metabolic parameters are presented in Table 3.

Discussion

The present study demonstrates that combined Pilates and HIIT training significantly improved
neuroendocrine regulation, cardiorespiratory fitness, muscular endurance, and selected metabolic
parameters in competitive athletes.

The reduction in cortisol suggests improved HPA axis regulation [7, 26]. HlIT-induced mitochondrial and
cardiovascular adaptations likely contributed to improvements in VO,max [10, 28], while Pilates-
mediated neuromuscular stabilization and mindfulness components may have supported stress
modulation [18, 21, 22].

These findings align with the broader concept of exercise as medicine [27] and highlight the importance
of balancing training load and recovery to prevent overtraining syndrome [3, 9].

Limitations
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1. The study was conducted over a 16-week intervention period, which may limit assessment of
longer-term effects.

2. Potential dietary confounding

3. Body composition not assessed using gold-standard techniques

Future randomized controlled trials comparing isolated and combined modalities are warranted.

Conclusions

A 16-week combined Pilates-HIIT intervention was associated with improvements in cortisol levels,
cardiorespiratory fitness, muscular endurance, and selected metabolic markers among sports players.
These findings suggest that an integrated Pilates-HIIT training approach may be beneficial for physical
performance and stress-related outcome
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Tables

Table 1. Baseline Characteristics of Participants (n = 80)

Variable

Age (years)

Sex

Height (cm)

Training duration (years) —

Body mass (kg)

Mean = SD

25.39+0.69

Competitive athletes (mixed)

Data are presented as mean + standard deviation (SD).

% p-
Change value

-34.3% <
0.001

Table 2
Neuroendocrine and Performance Outcomes Before and After 16-Week Intervention
Variable Pre-Intervention (Mean Post-Intervention
+ SD) (Mean * SD)
Serum Cortisol - —
(Hg/dL)
VO,max — -

(mL-kg=""min-")

Push-ups —
(repetitions)

Curl-ups (repetitions)  —

+11.8% 0.001

+25.3% <
0.001

+119% <
0.001

Values expressed as mean + SD. Statistical analysis performed using paired t-test.

Table 3

Metabolic Parameters Before and After Intervention

Variable

Fasting Glucose (mg/dL)
HDL Cholesterol (mg/dL)
Insulin (uIU/mL)

HOMA-IR

Pre (Mean+SD) Post(Mean*SD) % Change p-value

- -5.2%

— +8.3%

0.004
<0.001

Statistical significance set at p < 0.05.
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Table 4
Correlation Between Cortisol and Perceived

Stress
Variables Pearson'sr p-value
Cortisol vs PSS-10  -0.68 <0.001

Pearson correlation analysis performed between serum cortisol and perceived stress scores.
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Changes in serum cortisol levels (Mean + SEM) following 16 weeks of combined Pilates and HIIT
training. Significant reduction observed post-intervention (p < 0.001).
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Figure 2

Changes in VO,max (Mean + SEM) following 16 weeks of combined Pilates and HIIT training. Significant
improvement observed post-intervention (p = 0.001).
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Figure 3

Changes in push-up performance (Mean + SEM) following 16 weeks of combined Pilates and HIIT
training. Significant improvement observed post-intervention (p < 0.001).
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Figure 4

Changes in crunch performance (Mean * SEM) following 16 weeks of combined Pilates and HIIT
training. Significant improvement observed post-intervention (p < 0.001).
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