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Abstract
Background 
and Study Aim

Recovery is essential for restoring homeostasis after high-intensity interval exercise (HIIE), 
especially in non-athletes. While static stretching remains popular, Pilates is also used as a mindful 
active recovery method, but its effects after HIIE require further clarification. This study aimed 
to examine the effects of Pilates-based recovery compared to conventional static cool-down on 
parasympathetic activation, delayed onset muscle soreness (DOMS), and mood disturbance.

Material and 
Methods

A quasi-experimental, pre-post control group design was conducted with 40 healthy, inactive 
female university students aged 20–25, randomly assigned to a Pilates group (n = 20) or a control 
group (n = 20). Following a single bout of HIIE (T0), participants were evaluated at 24 h (T1) and 48 
h (T2) post-intervention. Outcomes included DOMS (Visual Analogue Scale), heart rate recovery 
(HRR), and total mood disturbance (TMD; POMS-SF). Data were analyzed using paired sample 
t-tests and independent t-tests, with effect sizes calculated using Cohen’s d.

Results The Pilates group demonstrated significant within-group improvements from T0 to T2 in DOMS 
(p = 0.001, d = 3.04), HRR (p = 0.001, d = 288.10), and TMD (p = 0.021, d = 31.89). Between-group 
comparisons at T2 favored the Pilates group for all variables: DOMS (p = 0.001, d = 2.83), HRR (p = 
0.044, d = 47.94), and TMD (p = 0.005, d = 24.18).

Conclusions Pilates-based recovery significantly improves neuromuscular relaxation, autonomic reactivation, 
and affective state compared to passive recovery. These findings support Pilates as a superior 
strategy for post-exercise recovery in non-athletes.
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Introduction
High-intensity interval exercise (HIIE) is widely 

recognized for its effectiveness in improving 
cardiovascular fitness, metabolic health, and overall 
physical performance. However, the intense nature 
of such exercise also places significant physiological 
and psychological demands on the body, especially 
in individuals who are not regularly physically 
active. In this context, the recovery phase becomes 
a crucial component of the training process, as it 
influences both the rate of adaptation and the risk 
of overtraining or injury.

High-intensity interval exercise (HIIE) has been 
recognised as an effective method for increasing 
cardiorespiratory capacity, metabolic efficiency, 
and muscle strength and endurance in a relatively 
short period [1, 2]. However, in the acute phase of 

exercise, the high intensity can cause significant 
physiological stress, primarily mediated by the 
activation of the sympathetic nervous system (SNS) 
[4]. During HIIE sessions, there is an increase in the 
release of catecholamines, heart rate, blood pressure, 
cardiac output, and peripheral vasoconstriction [4, 
5]. This response plays an important role in meeting 
the body’s metabolic demands during exercise, 
but it can also lead to autonomic imbalances, 
neuromuscular disturbances, and increased post-
exercise psychological load [6].

In the post-traumatic stress phase, the body 
should ideally transition immediately to recovery 
by activating the parasympathetic nervous system 
(PNS) to restore homeostasis [7]. However, some 
evidence suggests that parasympathetic reactivation 
is often delayed, especially after high-intensity 
exercise such as HIIE [8, 9, 10]. This condition is 
characterised by a slow decrease in heart rate (heart 
rate recovery, HRR), increased subjective fatigue, 
and the onset of mood disorders such as anxiety, 
irritability, and mental fatigue [7, 8, 11]. Additionally, 
the musculoskeletal system also experiences 
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significant biomechanical stress, with delayed onset 
muscle soreness (DOMS) manifesting 24–72 hours 
after exercise due to microscopic muscle damage 
and inflammatory processes [8, 9].

Restoring autonomic balance is crucial for 
improving psychological health. Inadequate recovery 
may extend sympathetic dominance, which raises 
the risk of repeated injuries, hampers physiological 
adaptation, and decreases overall performance 
and mental well-being [4, 5]. Several studies have 
reported that active recovery is significantly more 
effective than passive recovery in lowering heart 
rate and body temperature after moderate-intensity 
exercise (p < 0.05), and it is more beneficial in 
supporting physiological recovery and preventing 
overreaching [10, 11, 12]. However, these studies 
still have limitations, including unclear descriptions 
of the form of active recovery interventions, 
limited observation of physiological indicators, and 
insufficient coverage of neuromuscular, hormonal, 
and psychological aspects [11, 12].

Additionally, the exercise activities used are 
moderate in intensity and are performed in the 
chronic phase of recovery. Therefore, further 
research using a Pilates-based recovery approach is 
relevant to address this gap, especially concerning 
high-intensity post-workout recovery in the acute 
phase, considering that Pilates offers a structured, 
integrative, and potentially optimal method of 
physical and mental recovery. Although extensive 
research has been conducted on both active and 
passive recovery methods following exercise, 
empirical investigations focusing on the immediate 
effects of Pilates after high-intensity interval 
exercise (HIIE) remain limited, particularly within 
non-athlete populations.

Pilates has emerged as a more comprehensive 
and cohesive method for recovery [13, 14, 15]. Pilates 
combines diaphragmatic breathing techniques, core 
muscle activation, postural control, and mindful 
movement within a single exercise framework [16, 
17, 18]. From a physiological standpoint, Pilates can 
enhance vagus nerve activity, accelerate activation 
of the parasympathetic system, and improve heart 
rate recovery (HRR) responses [19]. Additionally, the 
meditative and relaxing components of Pilates are 
associated with reduced psychological stress and 
enhanced mood. In contrast to passive stretching, 
Pilates provides more dynamic neuromuscular 
stimulation, which is more effective in enhancing 
blood circulation, improving lymphatic drainage, 
and stabilising central nervous system components, 
all of which contribute to a faster recovery process 
[20, 21].

An analysis of previous research findings has 
shown that various recovery methods can positively 
influence physiological and psychological outcomes 
after exercise. The authors highlight that Pilates, due 
to its integrative approach combining physical and 

mental elements, may serve as an effective recovery 
strategy, particularly in the context of high-intensity 
exercise. They emphasise the potential of Pilates 
to promote faster parasympathetic reactivation, 
reduce muscle soreness, and improve emotional 
well-being. However, there remains a clear need for 
further research. This gap in evidence continues to 
limit a comprehensive understanding of Pilates-
based recovery, especially regarding its acute effects 
following high-intensity interval exercise among 
non-athlete populations.

Although the benefits of Pilates have been 
examined in the context of general fitness and long-
term rehabilitation, limited attention has been given 
to its potential role as an acute recovery strategy 
following high-intensity interval exercise (HIIE). In 
particular, few studies have simultaneously assessed 
multiple physiological indicators, such as heart rate 
recovery (HRR) for autonomic function, delayed 
onset muscle soreness (DOMS) for neuromuscular 
condition, and total mood disturbance (TMD) for 
psychological state, within a single Pilates-based 
recovery framework. Considering the structured and 
multidimensional characteristics of Pilates, it seems 
appropriate to explore its possible application in 
short-term recovery after submaximal exercise. 
Therefore, this study aimed to examine the effects 
of Pilates-based recovery compared to conventional 
static cool-down on parasympathetic activation, 
delayed onset muscle soreness (DOMS), and mood 
disturbance.

Materials and Methods
Participants
This study involved a total of 40 active female 

students from the Faculty of Sports and Health 
Sciences at Universitas Negeri Surabaya. The 
participants were selected using purposive 
sampling based on strict inclusion criteria to ensure 
the homogeneity of baseline characteristics. The 
inclusion criteria were as follows: age between 20 
and 25 years, good physical and mental health, no 
participation in a regular fitness programme in the 
past three months, no history of musculoskeletal 
injury, cardiovascular or psychiatric disorders, and 
willingness to participate in all stages of the study 
with signed informed consent.

The sample size was determined using a power 
calculation approach, considering a medium effect 
size (d = 0.5), a significance level of α = 0.05, and 
a statistical power of 0.80. Using G*Power software, 
it was calculated that at least 17 participants 
were needed per group. To account for potential 
dropouts or data loss, this number was increased to 
20 participants per group, resulting in a total of 40 
participants. Additionally, participants meeting the 
inclusion criteria were randomly assigned to two 
treatment groups. One group received a recovery 
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session using the Pilates method (Pilates group, n = 
20), while the other group underwent a conventional 
static cool-down procedure as a control (control 
group, n = 20). All 40 participants completed the 
protocol, with a 0% dropout rate.

This research received approval from the 
Health Research Ethics Committee, Faculty of 
Sports Sciences, Universitas Negeri Surabaya, 
with registration number No. 006/UN27.II.1/
DL.01.02/2025. All research procedures followed the 
ethical principles established by the WHO (2011) and 
the CIOMS guidelines (2016), including social value, 
scientific validity, fair selection of participants, a 
balance of benefits and risks, privacy protection, 
and informed consent. All participants voluntarily 
provided written consent, and their identities were 
kept confidential. Participants also had the right to 
withdraw from the research at any time without any 
consequences.

Study Design
This study used a quasi-experimental approach 

with a pre-test and post-test control group design. It 
aimed to evaluate the effectiveness of a physiological 
recovery-based Pilates program as a method of 
active recovery after high-intensity exercise. Two 
intervention groups were compared: the group 
that underwent a Pilates-based recovery program 
and the control group that received a conventional 
cool-down procedure. Each group was assessed on 
several physiological and psychological variables at 
three predetermined time points.

Table 1 presents a research design structure 
designed to evaluate the effectiveness of Pilates as 
an active recovery method after a session of High-
Intensity Interval Exercise (HIIE), compared to 
a conventional static cooling down method. The 
study involved two intervention groups, namely 
the Pilates group and the control group, each of 
which underwent repeated measurements on three 
main variables: Visual Analogue Scale (VAS) to 
assess the level of delayed muscle soreness (DOMS), 
Heart Rate Recovery (HRR) as an indicator of 
cardiovascular and autonomic recovery, and Total 
Mood Disturbance (TMD) as a representation of 
post-exercise psychological status.

After completing the HIIE (T0) exercise 
session, all participants underwent a pretest with 
measurements of the three variables. Furthermore, 
each group underwent a recovery intervention 

according to their treatment. The Pilates group 
received a 20-minute Pilates exercise session 
focused on diaphragmatic breathing techniques, 
core muscle activation, and mindful movement. 
Meanwhile, the control group performed a 
conventional static cooling down for 10 minutes, 
consisting of static stretching of the upper and 
lower body. The effectiveness of the intervention 
was assessed at the next two time points, namely 24 
hours (T1) and 48 hours (T2) post-intervention, with 
repeated measurements on all three variables.

This study used three main instruments to 
evaluate physiological and psychological responses 
after high-intensity exercise, namely the Visual 
Analogue Scale (VAS) to assess delayed muscle 
pain (DOMS), the Polar H10 heart rate monitor to 
measure heart rate recovery (HRR), and the Profile 
of Mood States – Short Form (POMS-SF) to identify 
mood disturbances (total mood disturbance, TMD). 
The VAS used was a 10 cm line, shown to be valid 
(r > 0.70) and reliable (ICC > 0.80), with scores 
categorised as mild (0–3 cm), moderate (4–6 cm), 
and severe pain (7–10 cm). HRR was measured using 
a Polar H10, which has high validity compared to 
ECG (r > 0.95). A decrease of ≥12 bpm in HRR1 after 
the recovery intervention indicated rapid recovery 
and parasympathetic dominance. The POMS-SF 
consists of 37 items with six subscales, and the TMD 
score is obtained using the formula: 

TMD = (T + D + A + F + C) – V + 100

where T = Tension, D = Depression, A = Anger, F 
= Fatigue, C = Confusion, V = Vigour.

Intervention Procedure
After undergoing a high-intensity interval 

exercise (HIIE) session, participants immediately 
received a recovery intervention according to their 
assigned groups: Pilates or conventional static 
cool-down. The intervention was administered 
once, immediately following the HIIE session on the 
first day, and evaluations were conducted at three 
time points: T0 (immediately after HIIE), T1 (24 
hours post-intervention), and T2 (48 hours post-
intervention). Both interventions were conducted 
under controlled environmental conditions and 
guided by certified professional instructors. The aim 
was to compare the effectiveness of Pilates as an 
active recovery method with that of a conventional 
recovery method, focusing on its impact on 

Table 1. Research design structure

Group Pre-test (T0) 
After HIIE Intervention Post-test 1 (T1 – after 

24 hours)
Post-test 2 (T2 – after 
48 hours)

Pilates VAS, HRR, TMD Pilates 20 minutes VAS, HRR, TMD VAS, HRR, TMD

Control VAS, HRR, TMD 10-minute static cooling 
down VAS, HRR, TMD VAS, HRR, TMD

Note. VAS = Visual Analogue Scale; HRR = Heart Rate Recovery; TMD = Total Mood Disturbance; HIIE = 
High-Intensity Interval Exercise; DOMS = Delayed Onset Muscle Soreness.
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physiological (DOMS, HRR) and psychological 
(TMD) recovery.

Two recovery protocols were employed: a 
20-minute Pilates-based active recovery session 
for the experimental group and a 10-minute static 
stretching routine for the control group. The Pilates 
program included full-body exercises such as pelvic 
tilts, spine twists, bridges, modified Hundreds, 
roll-ups, and breathing-focused movements. 
These were performed in two sets of 10–12 
repetitions with tempo control and diaphragmatic 
breathing to support parasympathetic activation 
and neuromuscular recovery. In contrast, the 
control group followed a static stretching protocol 
targeting major muscle groups involved in HIIE, 
with each stretch held for 30 seconds across two 
sets. Both interventions were delivered under 
standardised conditions and supervised by trained 
personnel. 

Statistical Analysis
Data analysis was conducted using SPSS 

software version 26.0 (IBM Corp., Armonk, NY, 
USA). The analysis procedure included a normality 
test using the Shapiro–Wilk method (p > 0.05 for 
all variables), a homogeneity of variance test using 
Levene’s test, paired sample t-tests for within-
group comparisons, and independent sample 
t-tests for between-group comparisons at each 
time point (T0, T1, and T2). In addition to p-values, 
effect sizes were calculated using Cohen’s d and 
were accompanied by 95% confidence intervals 
to estimate the magnitude and precision of the 
observed differences. Statistical significance was 
set at p < 0.05 for all analyses.

Results
Table 2 presents the baseline demographic and 

physical activity characteristics of participants 
assigned to the Pilates and control groups. The 
mean age of participants in both groups was 
approximately 21 years, with no notable differences 
in anthropometric variables such as body weight, 
height, or BMI. Additionally, both groups reported 
similar levels of physical activity as measured by 
the International Physical Activity Questionnaire 
(IPAQ), expressed in MET-minutes per week.

Table 3 displays the within-group comparisons 
from post-HIIE (T0) to 48 hours after the intervention 
(T2), highlighting significant changes in recovery 
outcomes for both the Pilates and control groups. 
The data include p-values, effect sizes (Cohen’s d), 
and 95% confidence intervals, offering a detailed 
view of each group’s physiological and psychological 
response over time.

The results presented in Table 3 demonstrate 
a significant impact of the Pilates intervention on 
post-HIIE recovery, as reflected in three primary 
indicators: muscle soreness, heart rate recovery, 
and mood disturbance. A reduction in muscle 
soreness by 2.5 cm on the VAS scale (p = 0.001; d = 
3.04), accompanied by a narrow confidence interval, 
indicates that Pilates effectively promotes muscle 
tissue repair following eccentric contractions. Heart 
rate decreased markedly from 182 bpm to 79 bpm 
(p = 0.001; d = 288.10), suggesting a substantial 
enhancement in autonomic nervous system 
regulation and a rapid shift toward physiological 
recovery through active mechanisms.

Moreover, the Total Mood Disturbance (TMD) 

Table 2. Baseline Characteristics of Participants

Group Age (yr) Weight (kg) Height (cm) BMI (kg/m²) IPAQ (MET-min/week)

Pilates 21.3 ± 1.1 58.7 ± 4.9 162.8 ± 5.7 22.1 ± 1.3 2570 ± 410

Control 21.5 ± 1.2 59.2 ± 5.2 163.1 ± 5.4 22.2 ± 1.4 2610 ± 430
Note. Values are presented as mean ± standard deviation. BMI = Body Mass Index; IPAQ = International 
Physical Activity Questionnaire; MET = Metabolic Equivalent of Task.

Table 3. Within-Group Changes, Effect Sizes, and Confidence Intervals for Recovery Outcomes (Post-HIIE 
to 48h Post-Intervention)

Variable Group T0 (Post-HIIE) 
Mean ± SD

T2 (48h Post) 
Mean ± SD

p-value 
(paired 
t-test)

Effect Size 
(Cohen’s d)

95% CI of the 
Mean Difference

Muscle Soreness 
(VAS, cm)

Pilates 6.111 ± 0.411 3.611 ± 0.713 0.001 3.04 [2.02, 3.49]

Control 6.333 ± 0.522 5.521 ± 0.623 0.083 1.42 [–0.11, 1.68]

Heart Rate 
Recovery (bpm)

Pilates 182.333 ± 0.412 79.222 ± 0.311 0.001 288.10 [101.2, 106.8]

Control 183.112 ± 0.516 96.333 ± 0.444 0.048 211.88 [83.9, 90.1]

Total Mood 
Disturbance 
(points)

Pilates 26.113 ± 0.531 9.222 ± 0.514 0.021 31.89 [14.22, 20.11]

Control 26.012 ± 0.344 19.233 ± 0.222 0.0311 22.47 [5.63, 8.44]

Note. VAS = Visual Analogue Scale; HRR = Heart Rate Recovery; TMD = Total Mood Disturbance; CI = 
Confidence Interval; SD = Standard Deviation.
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score in the Pilates group declined sharply from 26.11 
to 9.22 points (p = 0.021; d = 31.89), highlighting the 
role of Pilates in restoring psychological balance 
following high-intensity training. Compared to 
the control group, the changes observed in the 
Pilates group were not only more pronounced but 
also statistically and clinically consistent. In the 
context of training programs, this approach offers 
a holistic recovery strategy that simultaneously 
addresses both physiological and psycho-emotional 
dimensions. Table 3 supports the recommendation 
that coaches and fitness professionals integrate 
Pilates into structured post-HIIE recovery protocols 
to reduce delayed onset muscle soreness (DOMS), 
accelerate heart rate recovery (HRR), and maintain 
mood stability, thereby optimizing readiness for 
subsequent training sessions.

Table 4 presents the between-group comparisons 
of physiological recovery outcomes at three time 
points: immediately after HIIE (T0), 24 hours (T1), 
and 48 hours (T2) post-intervention. The table 
includes mean values, p-values, effect sizes (Cohen’s 
d), and 95% confidence intervals, allowing for 
detailed evaluation of the effectiveness of Pilates-
based recovery versus conventional static recovery 
methods.

The comparative analysis in Table 4 revealed 
significant differences in recovery between the 
Pilates and control groups within 48 hours post-
HIIE. Muscle soreness decreased substantially 
more in the Pilates group, with large effect sizes 
at both T1 (d = 2.85) and T2 (d = 2.83), and mean 
differences ranging from –1.97 to –2.35 cm. These 
findings confirm the superior efficacy of Pilates in 
accelerating muscle recovery and alleviating post-

exercise discomfort. From a coaching perspective, 
this supports the inclusion of Pilates in recovery 
protocols to reduce delayed onset muscle soreness 
(DOMS) and ensure training continuity.

Regarding autonomic recovery, participants in 
the Pilates group experienced significantly faster 
heart rate restoration. At T2, the mean difference 
reached –17.36 bpm, with an exceptionally 
large effect size (d = 47.94), indicating enhanced 
parasympathetic reactivation. Additionally, Total 
Mood Disturbance (TMD) scores declined more 
sharply in the Pilates group, with a difference of 
nearly 10 points at 48 hours post-intervention (p 
= 0.005; d = 24.18). These outcomes suggest that 
Pilates supports both physical and psychological 
recovery. As shown in Table 4, the Pilates group 
demonstrated significantly better results across all 
key indicators (VAS, HRR, and TMD), making it a 
promising holistic strategy for post-HIIE recovery.

Discussion
The primary aim of this study was to examine 

the effects of a Pilates-based recovery intervention 
compared to conventional static cool-down on 
physiological and psychological recovery following 
high-intensity interval exercise (HIIE) in healthy 
young women. The focus was placed on three main 
recovery indicators: delayed onset muscle soreness 
(DOMS), heart rate recovery (HRR), and total mood 
disturbance (TMD). The results showed that the 
Pilates intervention significantly outperformed 
the control condition in all measured outcomes. 
Participants in the Pilates group experienced 
greater reductions in muscle soreness, faster 

Table 4. Between-Group Differences in Physiological Recovery Outcomes (Post-HIIE to 48h Post-
Intervention)

Variable Timepoint Pilates Group 
(n = 20)

Control Group 
(n = 20) p-value Effect Size 

(Cohen’s d)
95% CI of the 
Mean Difference

Muscle Soreness 
(VAS, cm)

T0 (post-HIIE) 6.111 ± 0.411 6.333 ± 0.522 0.580 0.46 [–0.53, 0.09]

T1 (24h post-
intervention) 4.222 ± 0.801 5.811 ± 0.111 0.021 2.85 [–1.97, –1.21]

T2 (48h post-
intervention) 3.611 ± 0.713 5.521 ± 0.623 0.001 2.83 [–2.35, –1.47]

Heart Rate 
Recovery (bpm)

T0 (post-HIIE) 182.333 ± 0.412 183.112 ± 0.516 0.520 1.63 [–1.09, –0.47]

T1 (24h post-
intervention) 90.122 ± 0.432 101.231 ± 0.415 0.040 26.00 [–11.39, –10.83]

T2 (48h post-
intervention) 79.222 ± 0.311 96.333 ± 0.444 0.044 47.94 [–17.36, –16.86]

Total Mood 
Disturbance 
(points)

T0 (post-HIIE) 26.113 ± 0.531 26.012 ± 0.344 0.488 0.22 [–0.20, 0.40]

T1 (24h post-
intervention) 17.333 ± 0.622 20.812 ± 0.811 0.042 4.93 [–3.96, –3.00]

T2 (48h post-
intervention) 9.222 ± 0.514 19.233 ± 0.222 0.005 24.18 [–10.27, –9.75]

Note. VAS = Visual Analogue Scale; HRR = Heart Rate Recovery; TMD = Total Mood Disturbance; CI = 
Confidence Interval; SD = Standard Deviation; bpm = beats per minute.
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autonomic recovery as reflected by HRR, and more 
substantial improvements in mood states. These 
differences became particularly evident at 24 and 48 
hours post-intervention, indicating both short-term 
and sustained benefits of the Pilates-based recovery 
approach. The effect sizes across all variables 
were large, and the observed differences were not 
only statistically significant but also clinically 
meaningful.

In this context, it should be noted that previous 
investigations have primarily emphasized passive 
recovery techniques such as static stretching or 
relaxation exercises [22, 23, 24]. Despite emerging 
interest, the scientific understanding of Pilates’ role 
in autonomic regulation, hormonal stabilization, 
and psychological recovery remains limited 
[25]. What distinguishes the present study is its 
integrative design, which simultaneously examines 
neuromuscular (DOMS), cardiovascular (HRR), 
and psychological (TMD) recovery within 48 hours 
post-intervention, using conventional cool-down 
methods as a comparator.

The findings demonstrate that Pilates is more 
effective than traditional cool-downs in enhancing 
both physiological and psychological aspects of 
recovery. These results are consistent with earlier 
studies [27], which indicate that mindful movement 
and controlled breathing can accelerate heart rate 
recovery and positively influence mood. Additional 
evidence from the literature [26, 28] suggests 
that low-impact modalities such as Pilates can 
support neuromuscular repair while enhancing 
parasympathetic reactivation during acute recovery. 
Taken together, these results underscore the value 
of holistic recovery strategies in optimizing post-
exercise regeneration [29, 30].

The observed reduction in DOMS within the 
Pilates group (p = 0.001) reflects more efficient 
muscle regeneration following high-intensity 
exertion. This improvement is likely attributed 
to increased circulation and lymphatic drainage 
facilitated by dynamic, low-impact movement, 
which supports oxygen delivery and metabolite 
clearance [29, 30]. Controlled activation of the 
core musculature may also enhance vagal tone 
while suppressing sympathetic activity, promoting 
a shift toward parasympathetic dominance [29]. 
This neurophysiological response contributes 
to hypothalamic–pituitary–adrenal (HPA) axis 
downregulation and reduces the release of cortisol 
and catecholamines, both of which are associated 
with physical and emotional fatigue [31].

Pilates’ emphasis on diaphragmatic breathing 
further contributes to autonomic regulation by 
improving baroreflex sensitivity and facilitating 
heart rate recovery (HRR) restoration [17, 18]. At 
the same time, rhythmic and flowing movement 
patterns stimulate the release of endorphins and 
anti-inflammatory cytokines such as interleukin-10 

(IL-10), which act as natural analgesics and mood 
enhancers [32]. Unlike passive cool-down routines, 
Pilates integrates muscular, respiratory, and 
neuroendocrine systems into a unified recovery 
process [33, 34], making it particularly beneficial for 
non-athletic individuals who are more susceptible 
to post-exercise stress [35, 36]. This adaptability 
increases its relevance for designing recovery-
focused fitness programs across diverse populations.

From the perspective of autonomic recovery, 
participants in the Pilates group demonstrated 
significantly greater improvements in heart rate 
recovery (HRR), indicating more rapid reactivation 
of parasympathetic pathways [35]. The slow, 
deliberate execution of Pilates movements, 
combined with focused breathwork, effectively 
enhances vagal activity and restores systemic 
equilibrium [21]. Physiologically, this shift 
supports the downregulation of motor cortex and 
hypothalamic activity, reducing stimulation of the 
hypothalamic–pituitary–adrenal (HPA) axis and 
subsequently decreasing stress hormone output [29]. 
These changes help create a hormonal environment 
more conducive to efficient recovery and emotional 
stabilization.

In contrast, traditional cool-down methods such 
as light walking or static stretching appear to offer 
only limited support for systemic recovery [37]. While 
these routines may assist in temperature regulation 
and peripheral circulation, they are insufficient 
for stimulating parasympathetic activation or 
producing meaningful endocrine modulation [21]. 
The lack of integrated neuromuscular and cognitive 
engagement in passive recovery strategies may 
restrict their effectiveness in optimizing post-
exercise recovery [10, 38]. As a result, physiological 
mechanisms related to soreness reduction, 
autonomic recovery, and mood normalization 
remain suboptimal with such approaches.

The significant improvement in total mood 
disturbance (TMD) observed among Pilates 
participants (p = 0.021) highlights the modality’s 
potential to promote both emotional and physical 
recovery [30, 39]. This effect may be attributed 
to parasympathetic activation through vagal 
stimulation, regulation of neuroendocrine function, 
and modulation of the hypothalamic–pituitary–
adrenal (HPA) axis. By combining breath control, 
mindfulness, and coordinated movement, Pilates 
helps reduce sympathetic arousal and suppresses 
the release of cortisol and adrenaline – hormones 
closely associated with anxiety, irritability, and 
mood disturbance [20, 40]. This multifaceted 
regulation contributes to greater emotional stability 
following strenuous exercise [30, 39].

Furthermore, Pilates appears to enhance 
mood through increased production of serotonin 
and gamma-aminobutyric acid (GABA), key 
neurotransmitters that support emotional balance 
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and central nervous system recovery [20, 41]. In this 
way, Pilates serves as a neurovegetative modulator 
that facilitates the normalization of affective and 
cognitive processes following exertion [17, 18]. 
By contrast, conventional cool-downs typically 
lack the cognitive and respiratory components 
necessary to initiate these neurochemical 
responses [42]. Although such methods help the 
body transition into rest, their inability to activate 
relevant neuroendocrine pathways may limit their 
effectiveness in supporting psychological recovery 
[42].

These findings suggest that psychological 
recovery through passive strategies may be 
inherently limited, particularly with respect to 
neurohormonal regulation. The comparison 
highlights Pilates’ capacity to deliver a more 
integrated and multidimensional recovery 
experience, encompassing both biomechanical 
repair and neurophysiological recalibration [31, 43]. 
This positions Pilates as a valuable tool for fitness 
professionals and athletic coaches aiming to enhance 
recovery programs, especially for individuals with 
increased sensitivity to physiological stress [18]. 
When appropriately applied, Pilates may support 
smoother transitions between high-intensity 
exertion and subsequent training phases.

Nevertheless, some findings diverge from studies 
that advocate conventional cool-downs as effective 
for improving heart rate recovery (HRR) in trained 
athletes [22, 44]. However, those studies reported 
little benefit in terms of reducing delayed onset 
muscle soreness (DOMS) or enhancing mood, likely 
due to differences in participant characteristics, 
recovery protocols, and training backgrounds. Unlike 
the current study, which examined non-athletic 
participants undergoing acute high-intensity 
exertion, previous studies focused on well-trained 
individuals with higher baseline recovery capacity. 
This contextual distinction likely accounts for the 
variation in outcomes.

Among moderately active individuals (IPAQ = 
2,570–2,610 MET-min/week), such as those in this 
study, recovery outcomes are strongly influenced 
by underdeveloped autonomic and cardiovascular 
adaptations [45, 46]. Research indicates that 
populations with limited physiological conditioning 
are more responsive to comprehensive, integrative 
recovery interventions [36]. Pilates, through 
its emphasis on breathing, vagal stimulation, 
and coordinated physical effort, promotes 
parasympathetic reactivation, cortisol suppression, 
and normalization of the hypothalamic–pituitary–
adrenal (HPA) axis [47]. This synergy supports 
faster recovery in both physiological and affective 
domains [48].

In contrast, trained athletes, who often exhibit 
high baseline parasympathetic tone, may not 
benefit substantially from basic recovery protocols. 

Their established autonomic efficiency reduces 
the potential for noticeable changes in delayed 
onset muscle soreness (DOMS) or mood following 
light activity [22, 38]. These findings reinforce the 
need for recovery methods to be tailored to an 
individual’s physiological capacity, fitness level, and 
training status. For coaches, this insight highlights 
the importance of personalized recovery planning 
in athletic programming.

The present study positions Pilates as a versatile 
recovery strategy that supports physical, autonomic, 
and emotional restoration following high-intensity 
exercise [20, 21, 29]. The combination of mindful 
movement, controlled breathing, and somatic 
awareness contributes to favorable neuroendocrine 
and central nervous system conditions, reinforcing 
its integrative role in post-exercise recovery.

Previous studies investigating post-exercise 
recovery have largely focused on either passive 
methods such as static stretching [22, 23], or 
on general active modalities without specific 
integration of physiological, autonomic, and 
psychological dimensions [10, 38]. While some 
research has explored the effects of yoga or aquatic 
recovery on individual aspects of recovery [26, 
44], few have adopted a multidomain framework 
targeting neuromuscular, cardiovascular, and mood-
related parameters simultaneously. The present 
study offers a novel contribution by systematically 
evaluating a Pilates-based recovery protocol 
across three distinct domains—muscle soreness 
(DOMS), heart rate recovery (HRR), and total mood 
disturbance (TMD)—within the acute 48-hour post-
HIIE phase. This integrative design, combined with 
a focus on non-athletic participants, distinguishes 
the current research from earlier work and provides 
new insights into the potential of Pilates as a holistic 
recovery strategy.

Study Limitations
Despite the promising findings, the 

generalizability of the results should be interpreted 
with caution. The sample consisted exclusively 
of young, physically active women, which limits 
the applicability of the conclusions to broader 
populations. In addition, the study assessed a 
limited range of physiological markers, omitting 
objective biomarkers that could provide deeper 
insight into systemic recovery processes. Future 
research should include more diverse populations 
in terms of age, sex, and fitness level, and 
incorporate biomarkers such as interleukin-6 (IL-
6), creatine kinase (CK), and cortisol to enhance the 
understanding of physiological responses. Adopting 
a neurophysiological perspective may also clarify 
the mechanisms underlying psychological recovery. 
Moreover, future investigations could explore 
the effectiveness of Pilates as an active recovery 
strategy among competitive and elite athletes, and 
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compare its effects with other modalities such as 
yoga or aquatic recovery, using longitudinal designs 
to assess long-term adaptation.

Conclusions
This study demonstrates that a Pilates-based 

recovery intervention is more effective than 
conventional static cool-down in facilitating 
physiological and psychological recovery following 
high-intensity interval exercise. Within 48 hours 
post-intervention, participants in the Pilates group 
exhibited significantly greater reductions in delayed 
onset muscle soreness (DOMS), improved heart rate 
recovery (HRR), and lower total mood disturbance 
(TMD) scores. These findings suggest that Pilates 
promotes post-exercise recovery by enhancing 

parasympathetic activation, improving peripheral 
circulation, and supporting neuroendocrine 
regulation related to stress and emotional balance. 
Given these effects, Pilates may serve as a feasible 
and integrative recovery strategy for non-athletic 
populations, contributing to systemic recovery 
across multiple domains.
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