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Abstract
The primary aim of this study was to address gaps in sprint interval training (SIT) literature by comparing

physiological and perceptual responses to three distinct SIT protocols in recreationally active adults, an area
where research predominantly focuses on competitive athletes. This investigation uniquely contributes to field-
based comparisons of SIT protocols in recreational populations, with implications for optimizing cardiovas-
cular and endurance training for broader demographics in sports science. Twenty-five recreationally active
university students completed three distinct sprint interval training (SIT) protocols involving varied sprint and
recovery durations. Metrics included both physiological and perceptual responses were evaluated. Repeated
measures ANOVA indicated no significant differences in speed and distance covered in the initial 10 seconds
among the different protocols (p>0.05). However, there were notable distinctions in RPE, average heart rate,
peak heart rate, squat jump variability and blood lactate levels (p<0.05). The results interpret that 8 x15-sec-
ond protocol offers physiological and perceptual advantages, including reduced cardiovascular strain and
perceived exertion, comparable sprint performance and lactate levels to longer protocols, which may improve
training adherence and sustainability. The results underscore that shorter SIT intervals with reduced cardio-
vascular strain may facilitate prolonged high-intensity output, offering practical implications for sport science
and athletic conditioning. By optimizing interval duration and recovery, athletes and recreational participants
alike may better achieve cardiovascular and endurance goals, contributing to individualized and adaptable

SIT programs that support diverse fitness levels and athletic performance demands.
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1 Introduction

Sprint Interval Training (SIT) has gained significant attention as a time-efficient and highly effective alterna-
tive to traditional moderate-intensity endurance training. As a specific form of High-Intensity Training (HIT),
SIT consists of short bursts of maximal effort, typically lasting no more than 30 seconds, interspersed with
recovery periods of 2—4 minutes at a lower intensity (Buchheit & Laursen, 2013; Sloth et al., 2013; Viana et
al., 2018). This training modality elicits rapid and substantial physiological adaptations, including enhanced

cardiovascular function, improved muscle structure, and increased metabolic rate (Astorino et al., 2012; Mac-
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Innis & Gibala, 2017). The efficiency of SIT lies in its ability to achieve these benefits with a significantly

reduced training volume compared to traditional endurance exercise (Gibala et al., 2006).

Most research on SIT has focused on elite athletes, whose superior endurance capacity, recovery efficien-
cy, and neuromuscular adaptations enable them to tolerate and benefit from high-intensity protocols (Gibala
et al., 2012; Vollaard & Metcalfe, 2017). However, such findings may not directly apply to recreational pop-
ulations, which exhibit greater variability in fitness levels, fatigue resistance, and recovery dynamics. It is
crucial to investigate how different SIT protocols influence both physiological and perceptual responses in
non-elite individuals, as these factors play a pivotal role in adherence and long-term training sustainability
(Naves et al., 2019). Identifying protocols that optimize performance benefits while minimizing cardiovas-
cular strain and perceived exertion can enhance the accessibility and practicality of SIT for a broader range

of participants.

Traditional SIT regimens typically involve 4—7 sprints lasting up to 30 seconds, with recovery periods up
to ten times the sprint duration (Gibala et al., 2012; Vollaard & Metcalfe, 2017). These protocols engage
both anaerobic and aerobic energy systems, demanding high levels of neuromuscular effort (Maclnnis &
Gibala, 2017). However, recent evidence suggests that shorter sprint intervals, such as 8x15-second sprints
with 2-minute recovery periods, may provide comparable cardiovascular and metabolic benefits while re-
ducing perceived exertion and cardiovascular strain (Townsend et al., 2013; Naves et al., 2019). This has
significant implications for the design of SIT programs tailored to recreational athletes, as reduced psycho-

logical strain can enhance adherence and long-term sustainability (Ikutomo et al., 2018; Wang et al., 2019).

The development of SIT protocols requires careful modulation of sprint duration, recovery intervals, and
intensity to optimize physiological adaptations, improve fatigue resistance, and maximize power output
(Gibala & McGee, 2008; Buchheit & Laursen, 2013; Frazdo et al., 2016). Despite extensive research, the
majority of studies have prioritized elite athletes, leaving a gap in understanding how SIT can be tailored to
individuals with varying fitness levels and recovery capacities (Yeo et al., 2010; Widiastuti et al., 2022; Ja-
cobs et al., 2013). Additionally, while the physiological benefits of SIT—such as increased skeletal muscle
oxidative capacity and cardiovascular efficiency—are well-documented, the psychological impacts, par-
ticularly perceptions of exertion and training enjoyment, remain underexplored (Burgomaster et al., 2008;
Gibala et al., 2000).

This study aims to address these gaps by systematically comparing the physiological and perceptual re-
sponses to three distinct SIT protocols that vary in sprint duration and recovery intervals in a recreationally
active population. By evaluating key indicators such as blood lactate concentration, heart rate, perceived
exertion, and sprint performance, this research seeks to identify protocols that balance training effectiveness
with psychological comfort. Unlike prior studies that broadly assess SIT’s effects, this investigation specif-
ically examines how variations in protocol structure influence both perceived exertion and cardiovascular
strain—two critical factors for long-term adherence in non-elite populations (Burgomaster et al., 2008;
Gibala et al., 2006; Naves et al., 2019).
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Furthermore, this study builds upon emerging evidence suggesting that shorter sprint durations (e.g., 8x15
seconds) may reduce perceived exertion without compromising performance (Smith-Ryan et al., 2017). The
focus on optimizing protocol structure ensures that these findings are directly applicable to coaches and
sports practitioners seeking individualized, adaptable SIT regimens. By integrating both physiological and
psychological factors, this research makes a novel contribution to the existing SIT literature, offering evi-
dence-based strategies for sustainable, high-intensity training programs. Given the growing recognition that
training adherence is influenced not only by physiological effectiveness but also by perceived exertion and
recovery dynamics, optimizing SIT protocols is essential for making high-intensity training more accessible

to diverse fitness levels (Naves et al., 2019; Smith-Ryan et al., 2017).

2 Literature Review

Sprint Interval Training (SIT) has emerged as a highly efficient alternative to traditional high-volume en-
durance training, offering comparable physiological benefits with significantly reduced time commitments.
SIT involves brief, high-intensity efforts interspersed with recovery periods, targeting both aerobic and
anaerobic energy systems to maximize training efficiency (Buchheit & Laursen, 2013; Vollaard & Metcal-
fe, 2017). Extensive research has demonstrated that SIT improves cardiovascular function, skeletal muscle
oxidative capacity, and metabolic health, achieving results similar to traditional endurance training despite
a lower total training volume (Astorino et al., 2012; Gibala et al., 2006). Additionally, SIT has been shown
to stimulate mitochondrial biogenesis, a key adaptation that enhances energy metabolism and endurance
performance (Maclnnis & Gibala, 2017).

Despite these benefits, the effectiveness of SIT depends heavily on specific interval structures, including
sprint duration, intensity, and recovery length (Ito, 2019; Jacobs et al., 2013; Ojo, 2020). Variations in these
parameters can significantly influence physiological adaptations and training outcomes, highlighting the
need for refined SIT protocols that optimize both performance and adherence across different populations.
While SIT has been widely studied in elite athletes, its application to recreationally active individuals re-
mains underexplored, necessitating further investigation into how protocol modifications impact this demo-

graphic.
2.1 SIT in Recreational and Competitive Athletes

Recent studies have demonstrated the broad applicability of SIT across both recreational and competitive
populations. Research by Mallol et al. (2020) and Santos et al. (2023) reported significant improvements in
cardiovascular markers and endurance performance among middle-aged and recreationally active individu-
als, reinforcing SIT’s effectiveness beyond elite athletes. Similarly, Yu et al. (2024) highlighted that interval
adjustments can optimize cardiorespiratory efficiency, striking a balance between anaerobic and aerobic
demands. These findings align with evidence suggesting that even low-volume SIT protocols can elicit sub-

stantial gains in VO2 max and power output (Maclnnis & Gibala, 2017; Fennell & Hopker, 2021).

However, while these studies underscore SIT’s potential, several critical concerns remain. First, research

on SIT’s broad applicability often overlooks individual variability in fitness levels, recovery capacity, and
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psychological responses (Naves et al., 2019; Smith-Ryan et al., 2017). Recreational participants may re-
quire protocols with lower cardiovascular strain and perceived exertion to ensure sustained adherence over
time. Second, while VO2 max and power output improvements are frequently reported, long-term sustain-
ability remains uncertain, as excessive SIT exposure may lead to overtraining or injury if not properly man-
aged (Buchheit & Laursen, 2013). Lastly, the mechanisms by which different interval structures influence
various populations remain unclear, particularly regarding neuromuscular fatigue and recovery dynamics
(Jacobs et al., 2013; Maclnnis & Gibala, 2017).

2.2 Skeletal Muscle Adaptations and Neuromuscular Fatigue

SIT has been shown to induce substantial skeletal muscle adaptations, including increased mitochondrial
biogenesis and improved muscle fiber composition, which enhance endurance and power output (MacInnis
& Gibala, 2017). For example, Burgomaster et al. (2008) found significant improvements in muscle oxida-
tive capacity after only six SIT sessions, illustrating the rapid adaptive potential of this training modality.
Additionally, Hall et al. (2023) emphasized SIT’s role in enhancing muscle resilience and fatigue resistance,
particularly in recreational athletes. However, inconsistencies remain regarding the optimal balance of in-
tensity, sprint duration, and recovery intervals, which must be tailored to different populations to maximize

benefits.
2.3 Psychological and Perceptual Responses to SIT

While most research focuses on physiological adaptations, psychological and perceptual responses to SIT
have gained increasing attention in recent years. Shorter sprint durations and reduced recovery intervals
have been shown to lower perceived exertion without compromising performance, suggesting that proto-
col modifications can influence psychological comfort (Townsend et al., 2013; Naves et al., 2019). These
findings align with studies emphasizing the importance of training enjoyment and psychological factors in

determining long-term adherence to high-intensity exercise (Farias-Junior et al., 2019; Frazao et al., 2016).

For example, Benitez-Flore et al. (2021) found that outdoor SIT protocols with variable sprint durations
enhanced participant engagement and enjoyment, whereas Mao et al. (2022) demonstrated that resis-
tance-based SIT reduced perceived exertion more effectively than cycling-based SIT. These studies suggest
that training modality and protocol structure significantly influence psychological responses, affecting both
adherence and overall effectiveness. Despite their varied approaches, these studies collectively underscore
the adaptability of SIT to diverse populations. Hu et al. (2022) and Metcalfe and Vollaard (2024) extended
this understanding by demonstrating that perceptually regulated SIT protocols, where individuals adjust ef-

fort based on subjective experiences, not only foster adherence but also minimize discomfort.
2.4 Research Gaps and Future Directions in Sprint Interval Training (SIT)

Despite the well-documented physiological and psychological benefits of Sprint Interval Training (SIT),
critical gaps remain in understanding how variations in protocol structure influence training adherence
and effectiveness across different populations. The interaction between sprint duration, recovery intervals,

and their combined effects on physiological and perceptual responses remains inconclusive. Studies have
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demonstrated that modifying recovery durations can significantly impact physiological markers and subjec-
tive exertion levels, emphasizing the need for tailored SIT regimens (Ikutomo et al., 2018; Farias-Junior et
al., 2019; Wang et al., 2019). However, the ideal balance between training intensity and recovery length to

maximize both performance gains and adherence is yet to be determined.

Current research also highlights the neuromuscular and physiological benefits of SIT in team sports,
reinforcing the importance of sport-specific protocol adaptations (Lee et al., 2017; Thurlow, 2024). How-
ever, evidence remains fragmented regarding the optimal sprint-recovery configurations that enhance
both physiological performance and perceptual comfort. For instance, while shorter recovery periods may
sustain cardiovascular workload, they may also increase discomfort, potentially reducing long-term adher-
ence (Farias-Junior et al., 2019; Naves et al., 2019; O’Connor, 2017). Given these inconsistencies, a more
systematic approach is required to refine SIT protocols that balance physical benefits with psychological

tolerability for diverse populations.

This study directly addresses these research gaps by systematically comparing physiological and percep-
tual responsesto three distinct SIT protocols, each standardized by total sprint and recovery durations but
varying in sprint intensity and recovery length. Key physiological and performance indicators—includ-
ing blood lactate levels, heart rate (average and peak), rate of perceived exertion (RPE), sprint performance
metrics, and neuromuscular fatigue assessed through squat jump tests—will be analyzed using repeat-

ed-measures ANOVA and non-parametric tests to detect protocol-specific differences.

By examining 4x30 seconds, 6x20 seconds, and 8x15 seconds protocols, this study aims to determine
how sprint duration and recovery intervals influence physiological stress and perceived exertion. The find-
ings will contribute to the development of evidence-based SIT regimens that optimize both training effec-
tiveness and adherence, ensuring time-efficient, individualized protocols suitable for recreational and athlet-

ic populations alike.

3 Discussion

This study examined the physiological and perceptual responses to three distinct sprint interval training
(SIT) protocols among recreationally active individuals. The findings provide insights into optimizing SIT
regimens by balancing training effectiveness with psychological comfort, addressing key gaps in SIT re-

search for non-elite populations.
3.1 Physiological Responses

The analysis revealed no significant differences in sprint performance metrics (first 10-second distance
covered and mean sprint speed) across protocols, suggesting that reducing sprint duration does not compro-
mise peak sprint performance (Gibala et al., 2012; Tschakert et al., 2015; Vollaard & Metcalfe, 2017). How-
ever, lactate accumulation varied significantly at the immediate post-exercise and 10-minute recovery time
points, with the 8x15-s protocol producing lower lactate levels than the 4x30-s and 6x20-s protocols. This

suggests faster metabolic clearance and improved recovery, aligning with findings from Buchheit & Laurs-
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en (2013) and Naves et al. (2019). Faster lactate clearance may enhance intracellular pH buffering capacity
and delay fatigue onset (Smilios et al., 2018; Tomlin & Wenger, 2001; Wan & Guo, 2015).

Heart rate (HR) data further distinguished the protocols. The 8%15-s protocol resulted in significantly
lower peak HR, indicating reduced cardiovascular strain (Maclnnis & Gibala, 2017). However, it exhibited
a higher average HR, suggesting sustained cardiovascular demand, which could contribute to aerobic ad-
aptations (Townsend et al., 2013; Tschakert et al., 2013; Vollaard & Metcalfe, 2017). These findings align
with previous research indicating that shorter sprints maintain training intensity while mitigating excessive
physiological stress (Hazell et al., 2010; Gilen & Gibala, 2018; Ikutomo et al., 2018; Yin et al., 2023).

3.2 Perceptual Responses

The Rate of Perceived Exertion (RPE) was significantly lower in the 8x15-s protocol compared to the
4x30-s protocol, indicating reduced psychological strain. These results align with Smith-Ryan et al. (2017)
and Naves et al. (2019), who found that shorter intervals improve perceived exertion and training enjoy-
ment. Lower RPE values may result from reduced neuromuscular fatigue and lower cardiovascular load,
making shorter protocols more sustainable and appealing (Townsend et al., 2013). Since perceived exertion
strongly influences training adherence, optimizing interval duration can enhance long-term compliance with
SIT (Burgomaster et al., 2008).

3.3 Neuromuscular Fatigue

Post-session squat jump tests indicated variations in neuromuscular fatigue, with the 6x20-s protocol
showing the least fatigue accumulation, suggesting an optimal balance between sprint duration and recov-
ery (Frazdo et al., 2016; Jacobs et al., 2013). While the 8x15-s protocol reduced cardiovascular strain, it
was less effective in mitigating neuromuscular fatigue, highlighting the trade-off between metabolic and

neuromuscular recovery in SIT protocols.

3.4 Practical Implications

For beginners or individuals prioritizing adherence: The 8x15-s protocol provides a more manageable

psychological and physiological workload, ensuring sustained participation.

For athletes focusing on power and endurance: The 6x20-s protocol offers an optimal balance between fa-

tigue resistance and anaerobic energy utilization.

For cardiovascular adaptations and efficient recovery: Shorter sprints with adequate but controlled recov-

ery periods can enhance aerobic conditioning without excessive physiological strain.

For neuromuscular fatigue management: Monitoring squat jump recovery trends can guide adjustments in

SIT intensity and recovery, ensuring training adaptations without excessive fatigue accumulation.
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3.5 Comparison to Existing Literature, limitations and Future Directions

Unlike studies focusing on elite athletes, this research provides evidence for SIT’s effectiveness in recre-
ational populations, addressing differences in fitness levels, recovery profiles, and neuromuscular efficien-
cy (Maclnnis & Gibala, 2017; Gibala et al., 2012). While previous research suggests that lactate clearance
rates remain consistent across protocols (Townsend et al., 2013), our findings indicate that shorter sprint
durations may enhance recovery, possibly due to reduced metabolic stress. Despite its strengths, this study
has limitations. The sample size, while sufficient for detecting protocol-specific effects, limits generalizabil-
ity. Additionally, excluding participants with prior SIT experience ensured uniformity but prevented anal-
ysis of adaptation effects in trained individuals.Future research should explore the effects of age, sex, and

fitness level on SIT outcomes to refine population-specific training recommendations.

4 Conclusion

This study demonstrates that SIT protocols can be optimized for recreational populations by adjusting
sprint duration and recovery intervals. The 8x15-s protocol offers an effective balance between performance
outcomes and psychological tolerability, making it a promising time-efficient training option for non-elite
athletes. By integrating physiological and perceptual factors, this research contributes to the development

of individualized, high-intensity training regimens that enhance adherence and long-term fitness outcomes.
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