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Objective: High-intensity interval training (HIIT) is an efficient method for improving
aerohic capacity and body composition in professional athletes, but it can induce transient
inflammatory responses. Psychological resilience is associated with better stress responses
and a lower risk of overtraining. This semi-experimental study investigated the association
between baseline psychological resilience and changes in inflammatory markers (IL-6, CRP,
TNF-a) at 24 and 48 hours following an 8-week HIIT program in professional endurance
athletes. The study had two main objectives: (1) to compare the trajectories of inflammatory
markers between high- and low-resilience groups; and (2) to examine the independent
predictive contribution of resilience after adjusting for confounding variables.

Methods: In this randomized experimental study, 40 male professional athletes (age: 25.2 £
3.2 years; VOlmax: 58.4 + 5.1 mL-kg[''min[") were classified into high-resilience (n = 20)
and low-resilience (n = 20) groups based on the Connor-Davidson Resilience Scale (CD-
RISC). Both groups completed an 8-week HIIT program (three sessions per week), consisting
of 6-8 bouts of 30-s efforts at 90-100% of maximal heart rate, interspersed with 60-120 s of
active recovery. Blood samples were collected at baseline and at 24 and 48 h following the
final training session, and serum levels of IL-6, CRP, and TNF-a were measured using
ELISA. Heart rate variability (HRV) and sleep quality (PSQI) were also assessed. Data were
analyzed using repeated-measures ANOVA, Pearson correlation, and hierarchical regression
analyses.

Results: The high-resilience group exhibited significant reductions in IL-6 (P = 0.001), CRP
(P =0.002), and TNF-a (P = 0.014), whereas the low-resilience group showed increases
accounting for 28% of the variance in IL-6 and 22% in CRP. Improvements in HRV indices
and sleep quality were more pronounced in the high-resilience group.

Conclusion: Higher psychological resilience was independently associated with attenuated
delayed inflammatory responses after HIIT and may contribute to faster recovery. Future
studies are recommended to explore resilience-enhancing interventions (such as mindfulness-
based or cognitive-behavioral approaches).
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Extended Abstract

Introduction

High-intensity interval training (HIIT) is a
time-efficient exercise ~ modality that
effectively improves aerobic capacity,
muscular power, insulin sensitivity, and lipid
profiles in professional athletes. Compared to
moderate-intensity continuous training, HIIT
has been associated with  greater
improvements in VO[] maxand visceral fat
reduction. However, the acute metabolic and
mechanical stress of HIIT can trigger
transient inflammatory responses, including
elevations in muscle-derived interleukin-6
(IL-6), C-reactive protein (CRP), and tumor
necrosis factor-alpha (TNF-a). These
responses typically resolve within 48 hours
but may contribute to fatigue and
overtraining risk under repeated high-load
conditions.

Psychological resilience—a
multidimensional trait involving adaptive
coping, emotional regulation, and health-
promoting behaviors—has been linked to
lower baseline inflammation and better stress
recovery in various populations. In athletes,
higher resilience is associated with improved
parasympathetic tone (higher HRV), lower
morning cortisol, and reduced overtraining
risk. However, limited evidence exists on its
role in modulating acute inflammatory
responses to HIIT in professional athletes.
This study aimed to: (1) compare post-HIIT
inflammatory marker trajectories (24 and 48
hours) between high- and low-resilience
groups; and (2) examine the independent
contribution of resilience to inflammatory
changes after adjusting for relevant
confounders (e.g., VOImax, HRV).
Materials and Methods: This randomized
controlled semi-experimental study (pre-post
design with active control) involved 40

professional male endurance athletes (aged
20-30 years, VO[] mx@a >55 mL/kg/min, >5
years competitive experience) recruited from
accredited sports centers in Tehran (2024—
2025). Written informed consent was
obtained (Helsinki Declaration). Exclusion
criteria included recent use of anti-
inflammatory agents, caffeine supplements,
or pre-existing chronic conditions.
Participants were stratified by baseline
Connor-Davidson Resilience Scale (CD-
RISC-25; Persian version) scores into high-
resilience (>75; n=20) and low-resilience
(<65; n=20) groups, balanced for age and
VO[]l maxvia block randomization. Both
groups completed an identical supervised 8-
week HIT protocol (3 sessions/week):
warm-up, repeated high-intensity intervals
(progressing from 90% to 100% effort) with
active recovery, and cool-down. Heart rate
was monitored continuously.

Fasted venous blood samples were collected
at baseline and at 24 and 48 hours after the
final HIIT session. Serum levels of IL-6,
CRP, and TNF-a were measured using
validated ELISA assays. Covariates included
sleep quality (PSQI), mood (POMS), BMI,
and cardiorespiratory fitness (VO[] nx).
Data were analyzed using repeated-measures
ANOVA (with Bonferroni correction),
ANCOVA (adjusting for VO[] maand HRV),
Pearson correlations, and hierarchical
multiple regression. Significance was set at
P<0.05 (FDR-corrected).

Results: Groups were comparable at baseline
except for resilience score, HRV, and sleep
quality (all favoring the high-resilience
group; P<0.01). Significant time x group
interactions were observed for all
inflammatory markers. The low-resilience
group showed elevations at 24 hours (k=6



+12.8%, CRP +10.0%, TNF-o +9.1%)
followed by partial recovery, whereas the
high-resilience group exhibited attenuation or
reductions by 48 hours (IL-6 —18.7%, CRP
—14.2%, TNF-o —11.4%; all interaction
P<0.05, moderate-to-large effect sizes).
Resilience scores were negatively correlated
with 48-hour inflammatory changes (r=—0.42
to —0.56; P<0.01). In hierarchical regression,
resilience independently explained
substantial additional variance in 48-hour
changes after controlling for age, BMI, and
VO maxiL-6 (AR?>=0.28), CRP (AR>=0.25),
TNF-a (AR?*=0.20; all P<0.01). Group
differences remained significant after further
adjustment for HRV and sleep quality.
Conclusion: Higher psychological resilience
is independently associated with attenuated
acute and delayed inflammatory responses to
HIIT in professional endurance athletes.
These findings suggest resilience may
support  faster recovery and lower
overtraining risk through physiological and
behavioral pathways. Future studies should
explore resilience-enhancing interventions
(e.g., mindfulness or cognitive-behavioral
approaches) within HIT programs, include
female athletes, and incorporate
neuroimaging and longer-term follow-up.
Keywords: Psychological resilience, High-
intensity interval training (HIIT), Interleukin-
6 (IL-6), C-reactive protein (CRP), Tumor

necrosis factor-alpha (TNF-a), Heart rate
variability (HRV), Professional athletes,
Acute inflammation
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