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Abstract

Background & purpose: Evidence suggests that high-intensity endurance exercise may cause respiratory
system impairment and increase the release of airway epithelial integrity biomarkers. However, the effects
of different types of endurance exercise on these biomarkers remain unclear. Therefore, the present study
compared the influence of endurance exercise type (continuous vs. interval) on airway epithelial integrity
by assessing serum levels of club cell protein 16 (CC16), surfactant protein D (SP-D), and the CC16/SP-
D ratio in healthy, physically active adult men. Methods: Twenty healthy and physically active adult men

(age: 22 * 4 years) were randomly assigned to either a continuous endurance (CE; n = 10) or interval Scan this QR code to see the
endurance (IE; n = 10) exercise group. Participants in both groups completed a single session of treadmill article at journal page or visit
running at 85-90% of maximal heart rate (MHR). The CE group performed 20 minutes of continuous jahssp.azaruniv.ac.ir
running, whereas the IE group completed an interval protocol consisting of five 4-minute bouts with 1-

minute rest periods between sets. Paired samples t-test and analysis of covariance (ANCOVA) were used 1. Department of
to analyze within-group and between-group changes, respectively. Results: The findings showed that Physical Education
serum levels of CC16 and the CC16/SP-D ratio significantly increased after both continuous and interval and Sport Science,

endurance exercise (P < 0.05). However, there was no significant difference in serum SP-D levels after

the intervention compared with baseline values (P < 0.05). Between-group comparisons also University of Tabriz,

demonstrated no significant differences between the two exercise protocols for CC16, SP-D, or the Tabriz, Iran.
CC16/SP-D ratio (P < 0.05). Conclusion: A single session of continuous or interval endurance exercise
increases the release of CC16 and elevates the CC16/SP-D ratio, but does not significantly affect SP-D
release. Furthermore, the type of endurance exercise has no differential effect on the release of airway *(corresponding author)
epithelial integrity biomarkers. (saeid.nikoukheslat@gmail.com)
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Extended abstract

Background

Prolonged, high-intensity endurance exercise can stress the respiratory system and lead to airway epithelial damage, contributing to
exercise-induced bronchoconstriction (EIB) even in individuals without clinical asthma. This process is associated with increased
ventilation, airway dehydration, and epithelial shear stress. Biomarkers such as CC16 and SP-D reflect airway epithelial integrity, with
CC16 consistently increasing after acute endurance exercise, while findings for SP-D and the CC16/SP-D ratio remain inconsistent.
Although sufficient evidence indicates that serum CC16 levels increase immediately after acute endurance exercise, further research is
required to determine whether the type of exercise influences the magnitude of CC16 release into the bloodstream. Moreover, few
studies have examined the effects of endurance exercise on serum SP-D concentrations and the CC16/SP-D ratio, and conclusive
evidence is still lacking. Therefore, the aim of the present study was to compare the effects of continuous and interval endurance
exercise on markers of airway epithelial integrity (CC16, SP-D, and the CC16/SP-D ratio) in healthy, physically active adult men.

Methodology

This applied, quasi-experimental study was conducted on healthy adult men aged 18-30 years who regularly engaged in physical
activity one to three times per week. Inclusion criteria were a body mass index (BMI) of 18-25 kg/m?, no history of pulmonary or
cardiovascular disease, no smoking in the previous six months, and no use of B,-agonists, anti-inflammatory drugs, or dietary
supplements in the month preceding the study. Baseline data were collected using medical history, physical activity, and smoking
questionnaires. A total of 20 eligible participants were randomly assigned to either a continuous endurance exercise group (CE, n =
10) or an interval endurance exercise group (IE, n = 10).

Anthropometric measurements were performed before the intervention by the same investigator to minimize measurement error.
Participants then completed a single treadmill running session. The treadmill incline was set at 0%, and the initial speed was 9 km-h™1,
with subsequent adjustments based on the prescribed exercise intensity. The CE group performed 20 minutes of continuous running at
85-90% of MHR. The IE group completed five 4-minute running bouts at the same intensity, separated by 1-minute active recovery
periods consisting of walking at 2 km-h™., Exercise sessions were conducted in the morning under direct supervision. A standardized
10-minute warm-up and cool-down was implemented. Laboratory temperature and relative humidity were controlled throughout the
sessions.

Venous blood samples (5 mL) were collected from the antecubital vein before exercise and one hour post-exercise. Serum
concentrations of CC16 and SP-D were measured using commercially available ELISA kits, with all samples analyzed in duplicate on
the same assay plate.

Statistical analysis

Statistical analyses included independent t-tests for between-group comparisons, paired t-tests for within-group changes, and analysis
of covariance (ANCOVA) for the main outcome variables. All analyses were performed using SPSS software (version 22), with
statistical significance set at P < 0.05.

Results

Within-group comparisons showed that serum CC16 concentrations significantly increased after the intervention compared with
baseline in both the CE group (P = 0.008) and the IE group (P = 0.005), whereas no significant changes were observed in serum SP-D
concentrations in either the CE group (P = 0.064) or the IE group (P = 0.073). However, both continuous endurance exercise (P =
0.006) and interval endurance exercise (P = 0.001) resulted in a significant increase in the CC16/SP-D ratio compared with baseline.
Furthermore, between-group comparisons revealed no significant differences between the two groups after the intervention in CC16
(P =0.533), SP-D (P = 0.520), or the CC16/SP-D ratio (P = 0.367).

Discussion

The present study compared the acute effects of high-intensity continuous and interval endurance exercise on airway epithelial integrity
biomarkers (CC16, SP-D, and the CC16/SP-D ratio) in healthy, physically active adult men. Both exercise protocols significantly
increased serum CC16 levels and the CC16/SP-D ratio one hour post-exercise, while no significant changes were observed in serum
SP-D concentrations. No differences were found between continuous and interval exercise regarding their effects on these biomarkers.
These findings align with previous systematic reviews and meta-analyses showing that acute endurance exercise elevates CC16 and
the CC16/SP-D ratio, but not SP-D, likely due to differences in molecular weight and the relative susceptibility of airway regions to
dehydration and mechanical stress during high-intensity exercise.

The results suggest that exercise intensity may play a more critical role than exercise type in affecting airway epithelial integrity in
healthy adults. Continuous and interval endurance running at 85-90% MHR produced similar changes in biomarkers, contrasting with
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previous studies using lower intensities. Limitations include the exclusive participation of men and the collection of serum samples
only one hour post-exercise. Future research should explore sex differences, multiple time points, and longer-term responses to clarify
the mechanisms underlying exercise-induced airway epithelial changes and to better assess the potential long-term effects of endurance
exercise on respiratory health.

Conclusion

In the present study, the acute effects of high-intensity continuous and interval endurance exercise on serum concentrations of CC16,
SP-D, and the CC16/SP-D ratio were compared in healthy, physically active adult men. The results demonstrated that both continuous
and interval endurance exercise increased serum CC16 levels and the CC16/SP-D ratio following the intervention. However, neither
exercise protocol had a significant effect on serum SP-D concentrations. In addition, no differences were observed between continuous
and interval endurance exercise with respect to their effects on airway epithelial integrity biomarkers in healthy, physically active adult
men. Further studies are required to confirm these findings, clarify the underlying mechanisms, and examine the long-term effects of
exercise on respiratory system health.
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