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	 The study aims to fill the gap in limited scientific evidence on variations in resting 
serum Interleukin-6 (IL-6), Interleukin-10 (IL-10), and Tumor Necrosis Factor-alpha (TNF-a) 
levels, as well as their associations with respiratory patterns across different recreational sports 
and sedentary individuals, particularly in South Africa. This cross-sectional study involved 80 
male participants, comprising 20 from each of the three sport subgroups (swimming, soccer, 
and volleyball) and 20 from a sedentary group. Spirometry values for Forced Vital Capacity 
(FVC), Forced Expiratory Volume in one second (FEV1), Peak Expiratory Flow Rate (PEFR), 
Vital Capacity (VC), FEV1/FVC ratio, and Maximal Voluntary Ventilation (MVV) were measured 
according to American Thoracic Society guidelines. Fasting plasma levels of IL-6, IL-10, and 
TNF-a were assessed after a two-week break from training for the sports groups, and sedentary 
behavior was defined for the sedentary group. Significant differences in respiratory patterns 
were observed among the groups (p < 0.01), with recreational athletes exhibiting better lung 
function than the sedentary group. The cytokine expression levels for IL-10 and TNF-a in the 
swim, soccer, volleyball, and sedentary groups were significantly different (p < 0.01). The 
study confirms that an increase in anti-inflammatory cytokines, such as IL-10, is associated 
with improved spirometry values, while TNF-a cytokine expression is associated with reduced 
spirometry values. Swimming notably enhances lung function compared to soccer and volleyball. 
Long-term physical activity has been shown to reduce inflammation compared to sedentary 
lifestyles. Larger studies are needed to further explore the relationship between cytokine levels 
and lung function in recreational sports.

Keywords: Cytokines; Pulmonary function; Recreational athletes; Respiratory profiles;
Sedentary lifestyle.

	 Studies investigating the effect of physical 
activities on pulmonary patterns consistently 
support the role of different physical activities 
in influencing these patterns.1, 2  However, some 
studies have reported that pulmonary values 
between different sports disciplines are statistically 

insignificant for certain parameters, such as Forced 
Vital Capacity (FVC) and Forced Expiratory 
Volume in one second (FEV1), between aerobic 
and anaerobic athletes.3 When comparing various 
cohorts of football, hockey, volleyball, swimmers, 
basketball, and a control group of players, 
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significant differences in FVC, FEV1, and Maximal 
Voluntary Ventilation (MVV) were recorded 
in favor of all athletic groups,4  with swimmers 
consistently portraying the best pulmonary 
function.5  Therefore, it is generally assumed 
that athletes are more likely to demonstrate 
increased spirometry measures than their sedentary 
counterparts.6 The descriptive data concerning 
anthropometric and respiratory characteristics 
are documented.7 While respiratory patterns in 
individual sports have been extensively researched 
compared to sedentary groups, there is a notable 
scarcity in the study of multiple recreational sport 
groups within a single investigation.8  Further 
investigation is particularly required from a South 
African cohort in the context of recreational sport 
groups.9 Inconclusive findings and a lack of data for 
pulmonary patterns in South African recreational 
sport groups highlight the need to address this gap 
in the literature.
	 Regarding exercise and cytokine levels, 
studies have shown that exercise may alter cytokine 
levels,10 although the association between exercise 
and cytokine expression is complex and may vary 
across different sports branches.11  Interleukin 
6 (IL-6) and tumor necrosis factor-± (TNF-±) 
are primarily recognized as pro-inflammatory 
cytokines that play a crucial role in the acute 
inflammatory response.11 Their levels are typically 
elevated when acute moderate to extreme intensity 
exercise (>85"90% of maximal heart rate) is 
performed.11 However, IL-6 is known for its dual 
nature, acting as both a pro- and anti-inflammatory 
cytokine,12 which adds to the complexity of this 
particular cytokine. Both IL-6 and IL-10 are 
associated with the activation of anti-inflammatory 
cascades and may also inhibit TNF-±, a known 
mediator of tissue damage.11  Prolonged bouts 
of intense exercise are characterized by higher 
concentrations of IL-6, followed by increases in 
cytokine inhibitors, such as the anti-inflammatory 
cytokine IL-10. Chronic training, on the other hand, 
can reduce the release of IL-6 by skeletal muscle 
because exercise improves the energy performance 
of the myocytes.13

	 There is a lack of consistent scientific 
evidence demonstrating possible variations 
in resting serum levels of IL-6, IL-10, and 
TNF-± between different sports disciplines. 
However, some findings have indicated that 

differences in cytokine levels between individuals 
who exercise and a control group may not be 
statistically significant.14  Given the contrasting 
evidence reported in studies concerning respiratory 
inflammation and the limited sport-specific studies, 
further investigation is essential. Regarding 
exercise and cytokine levels, inconsistent findings 
and a lack of available data for recreational athletes 
in a South African cohort necessitate determining 
the optimal inflammatory profile influenced by 
recreational sport disciplines.15

	 Hence, the present study investigated 
respiratory profiles as well as cytokine profiles 
(IL-6, IL-10, TNF-±) in adult males participating 
in three different recreational sporting branches and 
compared them to a sedentary group. The ongoing 
global health challenges, exacerbated by the recent 
Coronavirus Disease 2019 (COVID-19) pandemic, 
have underscored the crucial importance of physical 
activity for maintaining respiratory function and 
modulating the immune system.16  Sedentary 
lifestyles have been identified as a significant risk 
factor for severe outcomes in respiratory illnesses, 
including SARS-CoV-2 infection.17  Therefore, 
understanding how different recreational physical 
activities influence lung health and inflammatory 
markers is increasingly relevant for public health 
strategies. Recent literature emphasizes the role of 
physical activity in reducing systemic inflammation 
and improving cardiorespiratory fitness, which 
are crucial for mitigating the severity of various 
diseases, including COVID-19.18-20 Thus, the study 
will contribute to this growing body of knowledge, 
particularly within a South African context.

Materials and Methods

Participants
	 The study was conducted between April 
2018 and March 2019. A recreational athlete 
for the purpose of this study was defined as a 
male athlete participating in active sport playing 
three times a week (60-minute duration per 
session).21 A cross-sectional study included 80 
male participants comprising recreational athletes 
from three subgroups: soccer (20), swimming 
(20), and volleyball (20), as well as a sedentary 
group of 20. The inclusion criteria for recreational 
athletes were participation in recreational soccer, 
volleyball, or swimming, with a training frequency 
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of three one-hour sessions per week. Adult males 
who are 18 years or older were required for the 
study. Smokers, former smokers, individuals 
using medication, or those with a medical history 
of respiratory diseases were excluded from the 
study. Participants were self-recruited by placing 
invitational notices at various sports clinics, 
physiotherapy clinics, and local gyms. Participants 
were informed of the study’s aim to motivate their 
interest in participating, and they were provided 
with the study protocol and informed consent.
Ethical approval
	 Regulatory, ethical, and institutional 
approval was obtained from the Biomedical 
Research Ethics Committee (BREC) of the 
University of KwaZulu-Natal (UKZN) (BE 
012/18), South Africa.
Design
Anthropometric characteristics measurements
	 Standardized anthropometric techniques 
were used to complete height (meters) and weight 
(kilograms) measurements. Full attention was 
given to ensure that the participant’s body was 
fully upright, and the participant was barefoot 
with minimal clothing. The subjects’ backs were 
in contact with the wall, with both heels placed 
side by side and touching the base of the wall for 
the height measurement. Weight was measured 
using a scale, and height was measured using a 
stadiometer. BMI calculations were completed (kg/
m²) using an average of three measurements.22 BMI 
was categorized as <18.5 (underweight), 18.5–24.9 
(normal), 25.0–29.9 (overweight), and e”30 (obese) 
kg/m2.23

Lung function measurements
	 The spirometry measurements were 
performed by a trained physiotherapist using the 
MIR SPIROLAB II spirometer (Mediotronics 
Physical Medicine, Johannesburg, South 
Africa). The American Thoracic Society (ATS) 
recommendations were followed.24 The test was 
performed in a seated position with the use of a nose 
clip. Subjects were required to perform a maximal 
inhalation, with sealed lips over the mouthpiece, 
followed by a rapid maximal exhalation. Subjects 
continued exhaling for a minimum of 6 seconds 
to facilitate Forced Expiratory Volume in one 
second (FEV1) and Forced Vital Capacity (FVC) 
measurements. Tests were performed in triplicate 

until the two highest recorded values varied by 
less than 3%. Measurements were completed 
under standard environmental conditions based 
on temperature (18–22°C), atmospheric pressure 
(760 mmHg), and a relative atmospheric humidity 
of 30%–60%.25 Measurements were taken in the 
morning, between 8 AM and 12 PM, to minimize 
diurnal variations in lung function.
Cytokine measurement
	 Groups of 10 participants were taken to 
the NSN LAB (Verulam, KwaZulu-Natal, South 
Africa) over a period of 8 sessions to collect the 
resting blood samples. To control circadian rhythm, 
all testing was performed in the morning hours at 
the NSN LAB using the Beckman Coulter Access 
Immuno-Assay System. ELISA kits were used 
for the determination of TNF-± (Immunotech, 
Beckman Coulter Company, Marseille, France, Cat 
no: IM1121), IL-6 (Immunotech, Beckman Coulter 
Company, Marseille, France, Cat no: A30945), and 
IL-10 (Invitrogen, USA, Cat no: BMS215INST) 
levels. Blood samples (6 mL) were obtained from 
the antecubital vein in the recreational athletic and 
sedentary groups by a medical doctor (registered 
with the Health Professional Council of South 
Africa) to ensure uniformity in blood collection. 
The samples were collected, and anonymous labels 
(e.g., SW1 for the first swimming participant, S1 
for the first soccer participant, and V1 for the first 
volleyball participant) were placed on each tube. 
The samples were then analyzed immediately. The 
cytokine levels in the samples were determined 
according to the manufacturer’s instructions for 
the Beckman Coulter South Africa kit.
Statistics
	 IBM Statistical Package for Social 
Sciences (IBM-SPSS v.27, Chicago, IL, USA) was 
utilized to analyze the data. Mean and standard 
deviations were used to present continuous data. 
The Kolmogorov-Smirnov test was used to assess 
the normality of the data. Pearson correlation 
analysis was used to assess the strength of the 
relationship between cytokine and respiratory 
profiles. An ANOVA analysis was conducted to 
compare spirometry values among the swim, 
soccer, and volleyball groups. Independent t-tests 
were conducted to compare each sport discipline 
with the sedentary group. The value of p<0.05 was 
considered statistically significant.
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Fig. 1. Spirometry values (FVC-Forced Vital Capacity, FEV1-Forced Expiratory Volume (FEV1), PEFR-Peak 
Expiratory Flow Rate, VC-Vital Capacity, FEV1/FVC ratio-Forced Expiratory Volume-Forced Vital Capacity 

Ratio, and MVV- Maximal Voluntary Ventilation) among sedentary, swim, soccer, and volleyball groups 

Results

Anthropometric characteristics
	 Onl ine Resource 1  presents  the 
anthropometric characteristics of swimmers, soccer 
players, volleyball players, and the sedentary 
group. In the swim group, the findings were as 
follows: a mean height of 1.72 ± 0.05 m, a weight 
of 53.72 ± 3.97 kg, and a BMI of 18.23 ± 0.86 kg/
m². The soccer group had a mean height of 1.82 ± 
0.01 m, a weight of 68.52 ± 2.96 kg, and a BMI of 
20.73 ± 0.85 kg/m². The volleyball group measures 
reflect a mean height of 1.75 ± 0.05 m, a weight of 
62.32 ± 2.25 kg, and a BMI of 20.37 ± 0.85 kg/m². 
The sedentary group had a mean height of 1.68 ± 
0.03 m, a weight of 82.20 ± 2.53 kg, and a BMI of 
28.89 ± 1.35 kg/m².
Respiratory patterns in the swim, soccer, 
volleyball, and sedentary groups
	 The data is presented as mean spirometry 
values across the swim, soccer, volleyball, and 
sedentary groups (Figure 1). The mean Forced Vital 

Capacity (FVC) for the swim group was 5.51 L, 
Forced Expiratory Volume in one second (FEV1) 
was 5.21 L, Peak Expiratory Flow Rate (PEFR) 
was 10.51 L/min, VC was 5.23 L, FEV1/FVC ratio 
was 94.75%, and Maximal Voluntary Ventilation.
	 (MVV) was 170.65 L/min. For the soccer 
group, the mean FVC was 4.99 L, FEV1 was 4.59 
L, PEFR was 9.85 L/min, Vital Capacity (VC) 
was 4.95 L, FEV1/FVC ratio was 91.56%, and 
MVV was 164.52 L/min. The volleyball group 
showed mean values of 5.10 L for FVC, 4.82 L 
for FEV1, 9.29 L/min for PEFR, 5.11 L for VC, 
91.24% for FEV1/FVC ratio, and 160.12 L/min for 
MVV. In contrast, the sedentary group presented 
with a mean FVC of 3.73 L, FEV1 of 3.23 L, 
PEFR of 9.13 L/min, VC of 4.11 L, FEV1/FVC 
ratio of 86.79%, and MVV of 115.81 L/min. The 
analysis of variance (ANOVA) revealed that the 
respiratory patterns among the three recreational 
sport groups (swimming, soccer, volleyball) were 
significantly different (p < 0.05). Specifically, there 
was a statistically significant difference between 
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groups for FVC (F(2,57) = 10.02, p<0.05), FEV1 
(F(2,57)=11.55, p<0.05), PEFR (F(2,57)=20.33, 
p<0.05), VC (F(2,57)=14.84, p<0.05), FEV1/
FVC ratio (F(2,57)=4.29, p<0.05), and MVV 
(F(2,57)=113.18, p<0.05) (Online Resource 2). 
Comparisons between individual recreational 
sport groups and the sedentary group revealed 
further significant differences (Online Resource 
3-5). The swim group showed significantly higher 
FEV1/FVC ratio (t29.767 =6.94, p<0.05) and 
MVV (t22.026 =25.82, p<0.05) compared to the 
sedentary group. The soccer group also exhibited 
significantly greater PEFR (t21.131 =3.27, p<0.05), 
FEV1/FVC ratio (t28.525 =4.742, p<0.05), and 
MVV (t21.148 =23.19, p<0.05) than the sedentary 
group. For the volleyball group, FEV1 (t23.76 
=10.70, p<0.05) and MVV (t20.55 =21.25, p<0.05) 
were significantly higher than in the sedentary 
group.
Cytokine Profile of the Groups
	 The results show that the swim group 
recorded mean cytokine levels of IL-6 (2.16 pg/
mL), IL-10 (2.07 pg/mL), and TNF-± (2.41 pg/
mL). For the soccer group, the mean levels were 
IL-6 (2.25 pg/mL), IL-10 (3.01 pg/mL), and TNF-
± (1.87 pg/mL). The volleyball group exhibited 

mean levels of IL-6 (2.00 pg/mL), IL-10 (2.31 
pg/mL), and TNF-± (2.11 pg/mL). In contrast, 
the sedentary group demonstrated substantially 
higher mean cytokine levels: IL-6 (10.72 pg/mL), 
IL-10 (9.91 pg/mL), and TNF-± (11.04 pg/mL) 
(Figure 2). The correlation between IL-6, IL-10, 
and TNF-± and spirometry values among the 
athlete groups shows that the correlations between 
IL-6 and pulmonary values were not significant 
(p > 0.05) for all three recreational sport groups 
(swimming, soccer, volleyball) and the sedentary 
group (Online Resource 6). The data show that no 
significant correlations were reported between IL-
10 and spirometry values in recreational athletes 
(p > 0.05). However, a significant correlation (p < 
0.05) was found for FVC, PEFR, and the FEV1/
FVC ratio in the sedentary group (Online Resource 
7). Additionally, no correlation was found between 
TNF-± and the spirometry values (p > 0.05) in the 
swim, soccer, and sedentary groups. However, 
TNF-± correlated negatively with FEV1 (r=”0.47, 
p<0.05), VC (r=”0.54, p<0.05), and the FEV1/FVC 
ratio (r=”0.58, p<0.01) in the volleyball players 
(Online Resource 8).
	 Further, when cytokine values between 
the swim and sedentary groups were compared, 

Fig. 2. Distribution of cytokine profile (IL-6, Interleukin 6; IL-10, Interleukin 10, and TNF-á) for the swim, 
soccer, volleyball, and sedentary groups.
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significant differences (p<0.05) were observed 
for IL-6 (t22.65 = -49.35), 8.55 lower; IL-10 (t20.03  
=”30.34), 7.83 lower; and TNF-± (t

19.42
  =”24.31), 

8.62 lower values were observed (Online Resource 
9). The cytokine values comparison (p<0.05) 
between the soccer and sedentary groups shows 
that IL-6 (t

22.67
 =”48.85), IL-10 (t

19.74
 =”27.04), and 

TNF-± (t
19.05

 =”25.98), values were significantly 
lower (8.47, 6.96 and 9.17, respectively) in the 
soccer group compared to the sedentary group 
(Online Resource 10). The cytokine values between 
the volleyball and sedentary groups were found to 
be significantly different (p<0.05), with IL-6 (t

37.81
 

=”39.69), IL-10 (t
19.65

 =”29.73), and TNF-± (t
19.86

 
=”25.00) values, all being lower (8.75, 7.64 and 
8.92, respectively) in the volleyball group (Online 
Resource 11). The ANOVA results for the three 
recreational sport groups regarding cytokine levels 
showed that there was no statistically significant 
difference in IL-6 values among the swim, soccer, 
and volleyball groups (F(2,57) = 2.176, p = 0.123). 
However, there was a statistically significant 
difference between groups for IL-10 values 
(F(2,57)=154.017, p<0.05) and for TNF-± values 
(F(2,57)=51.466, p<0.05) (Online Resource 12).

Discussion

	 This study aimed to determine the 
respiratory and cytokine profiles in three recreational 
sport groups (swimming, soccer, and volleyball) 
and a sedentary group of adult males in South 
Africa. Significant inter-group variations were 
observed in height, weight, and Body Mass Index 
(BMI). All athletic groups maintained healthy mean 
BMI values, with swimmers exhibiting notably 
lower weight and BMI compared to other athletic 
cohorts. The soccer group displayed higher weights 
and BMIs than the swim and volleyball groups, 
while volleyball players showed increased heights 
relative to soccer players. The sedentary group 
presented with the highest weight and BMI, falling 
into the overweight category (Online Resource 1).
	 Furthermore, it examined the correlation 
between individual cytokine levels (IL-6, IL-10, 
and TNF-±) and respiratory patterns (FVC, FEV1, 
PEFR, VC, FEV1/FVC, and MVV) within these 
groups. The findings offer valuable insights into the 
physiological adaptations associated with various 
types of regular recreational physical activity and 

highlight the detrimental effects of a sedentary 
lifestyle on these parameters.
	 The results  clearly indicate that 
recreational athletes, regardless of their specific 
sport, demonstrate superior lung function compared 
to their sedentary counterparts (Figure 1). This 
aligns with a vast body of literature asserting 
the positive impact of physical activity on 
respiratory health.1, 6 The significant differences 
observed in FEV1, FVC, and MVV between 
the active and sedentary groups underscore the 
importance of regular exercise for maintaining 
and improving pulmonary capacity. Recent 
studies continue to reinforce this, showing that 
consistent physical activity is associated with 
better lung function and reduced risk of respiratory 
impairments.1 The high MVV values observed in 
all three recreational sport groups, particularly 
when compared to the sedentary group, are 
consistent with the understanding that athletes 
develop greater respiratory muscle endurance and 
efficiency through consistent training, allowing 
them to operate at higher proportions of their 
maximal ventilatory capacity.16  This enhanced 
ventilatory capacity is crucial, especially in light 
of the global challenges posed by respiratory 
illnesses like COVID-19, where robust lung 
function can serve as a protective factor against 
severe outcomes.17, 19

	 Beyond the general benefit of activity, our 
study found significant differences in respiratory 
patterns  among  the recreational sport groups 
themselves. Swimmers, in particular, consistently 
exhibited superior lung volumes and respiratory 
capacities compared to both recreational soccer 
and volleyball players. This finding is in strong 
agreement with numerous previously published 
studies.5 The unique aquatic environment plays a 
significant role in these adaptations. The hydrostatic 
pressure of water provides external resistance to 
breathing, particularly during exhalation, which 
serves as a natural training mechanism for the 
respiratory muscles, leading to increased strength 
and endurance. This continuous resistance training 
can enhance lung elasticity and promote more 
effective breathing patterns.26  Furthermore, the 
horizontal supine position often adopted during 
swimming promotes thoracic breathing and 
can reduce “physiological dead space,” thereby 
improving lung diffusion capacity.27 The cooler 
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water temperatures (21–28°C) also contribute by 
improving respiratory patterns, reducing breaths 
per minute, and lowering pulse rates, optimizing 
cardiorespiratory efficiency.28  This specialized 
training environment explains why swimmers, 
despite not always having the highest height or 
overall body mass, consistently exhibit superior 
pulmonary function.
	 While soccer players in our study also 
showed better lung function than the sedentary 
group, their spirometry values were generally 
lower than those of swimmers. This is consistent 
with findings that highlight the specific adaptations 
unique to water-based activities.29 Soccer involves 
intermittent, high-intensity movements that 
primarily challenge the aerobic and anaerobic 
systems. Regular running and sprinting in soccer 
training have a positive impact on lung function 
by improving pulmonary capacity.30  Similarly, 
volleyball players demonstrated improved 
respiratory function compared to sedentary 
individuals, attributed to the frequent short 
bursts of high-intensity exercise followed by 
low-intensity periods, which demand significant 
aerobic and anaerobic energy systems.31 However, 
the cumulative and constant resistance provided 
by water in swimming appears to confer a distinct 
advantage in developing maximal lung volumes 
and capacities. This sport-specific adaptation of 
the respiratory system underscores that while any 
physical activity is beneficial, certain activities, 
such as swimming, may offer more pronounced 
pulmonary benefits —a crucial consideration 
for public health recommendations aimed at 
optimizing lung health.
	 A significant finding of this study is 
that all three recreational sport groups exhibited 
substantially lower resting levels of IL-6, IL-10, 
and TNF-± compared to the sedentary group 
(Figure 2). This supports the well-established 
notion that long-term physical activity, even at 
a recreational level, promotes a lower systemic 
inflammatory state.32  Regular exercise induces 
an anti-inflammatory environment by reducing 
pro-inflammatory cytokine production and 
enhancing anti-inflammatory responses.33  This 
is critically important, as chronic low-grade 
systemic inflammation is a hallmark of many non-
communicable diseases (NCDs) and can exacerbate 
outcomes in infectious diseases, as seen with 

COVID-19.34, 35 The high levels of IL-6, IL-10, and 
TNF-± observed in our sedentary group (Figure 
2), which fall above normal ranges,36  further 
reinforce the link between sedentary behavior 
and elevated systemic inflammation.37, 38  This 
chronic inflammatory state in sedentary individuals 
can contribute to an increased risk of NCDs 
and potentially poorer immune responses.39, 

40 Interestingly, while all active groups exhibited 
lower inflammatory markers than the sedentary 
group, notable differences were observed in 
cytokine profiles among the various recreational 
sports disciplines. Specifically, IL-10 and TNF-
± levels were statistically significantly lower 
among the swim, soccer, and volleyball groups 
(Online Resource 8). The volleyball group 
showed the lowest IL-6 level, followed by the 
swim and soccer groups. Our finding that the 
swim group did not have the lowest absolute 
IL-6 levels contrasts with some previous studies, 
where water-based activities were associated 
with minimal inflammatory responses.41  This 
discrepancy might be attributed to various 
factors, including differences in exercise intensity, 
duration, training protocols, or measurement timing 
relative to the last training session. Swimming, 
being predominantly concentric and low-impact, 
generally induces less muscle damage and, 
consequently, a lower inflammatory response 
compared to eccentric activities common in land-
based sports.41 However, IL-6 responses can also 
be influenced by the number of muscle groups 
activated during exercise.42 Soccer and volleyball, 
involving both upper and lower limb movements, 
might theoretically elicit a broader IL-6 response 
due to greater muscle activation, which aligns 
with our soccer findings but not entirely with 
our volleyball results. The complex interplay of 
exercise mode, intensity, and duration on cytokine 
kinetics requires further nuanced investigation.43

	 The lower pro-inflammatory IL-10 
expressions in the recreational sport groups 
compared to the sedentary group in our study 
is a counter-intuitive finding initially, as IL-10 
is generally considered an anti-inflammatory 
cytokine, and exercise is expected to increase 
its production.11  However, the highly elevated 
IL-10 in the sedentary group warrants closer 
examination. This could be a compensatory 
response in the sedentary group to chronically 
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elevated pro-inflammatory cytokines, such as 
IL-6 and TNF-± (Figure 2). In a state of chronic 
low-grade inflammation, the body may upregulate 
anti-inflammatory cytokines, such as IL-10, 
to try to dampen the inflammatory processes. 
Previous research on older sedentary men, for 
instance, has shown higher IL-10 levels, which 
may be linked to age-related inflammaging or a 
compensatory mechanism.32 The self-recruitment 
of participants in our sedentary group could 
have introduced a selection bias, potentially 
including individuals with underlying low-grade 
inflammatory conditions that manifest as higher 
baseline cytokine levels, including a compensatory 
rise in IL-10. Dietary habits also significantly 
influence inflammatory profiles, and differences 
in dietary intake could confound the interpretation 
of cytokine levels across cohorts.44 This complex 
interaction between pro- and anti-inflammatory 
cytokines in chronic sedentary states requires 
further detailed investigation, perhaps through 
longitudinal studies that track dietary intake and 
inflammatory markers over time.
	 The lack of a statistically significant 
association between IL-6 expression and respiratory 
patterns across all groups (Online Resource 5) is 
a notable finding. While some studies report an 
inverse relationship between higher IL-6 levels 
and reduced FEV1 and FVC in respiratory 
inflammation,45  other studies, consistent with 
ours, have found no such correlation in healthy 
populations or specific disease states.46  This 
suggests that while IL-6 is a key inflammatory 
marker, its direct correlation with baseline 
spirometry values in generally healthy (even if 
sedentary) young adult males might be limited, 
or its influence becomes more pronounced in 
overt respiratory diseases or acute inflammatory 
conditions.
	 Interestingly, while IL-10 showed no 
significant correlations with spirometry in the 
recreational athletes, it did correlate significantly 
with FVC, PEFR, and FEV1/FVC ratio in the 
sedentary group (Online Resource 6). This 
might suggest that in a sedentary population 
experiencing chronic low-grade inflammation, the 
body’s compensatory anti-inflammatory response 
(reflected by IL-10) might play a more discernible 
role in modulating lung function, potentially 
attempting to mitigate the negative effects of 

inflammation on respiratory parameters. Studies 
have indeed highlighted a potential role for IL-10 
in modulating inflammatory responses and lung 
function, particularly in contexts of disease or 
chronic stress.47 For active individuals with already 
low baseline inflammation, the subtle variations 
in IL-10 might not translate into significant 
correlations with robust lung function parameters.
	 Conversely, TNF-± showed negative 
correlations with FEV1, VC, and FEV1/FVC 
ratio in the volleyball group (Online Resource 
4), indicating that higher TNF-± levels were 
associated with lower lung function in this specific 
sport group. This finding aligns with previously 
published work linking elevated pro-inflammatory 
TNF-± with reduced spirometric values.48 While 
the exact mechanism specific to volleyball players 
requires further investigation, this could imply 
that the intermittent high-intensity nature of 
volleyball might, in some cases, lead to transient 
inflammatory responses involving TNF-± that 
could subtly impact lung mechanics. However, 
the lack of a similar correlation in the swim and 
soccer groups, or the sedentary group, suggests 
that this relationship might be context-dependent, 
possibly influenced by factors such as muscle 
damage patterns, recovery kinetics, or individual 
variability within the volleyball cohort. Prior 
studies on TNF-± and FEV1 have also yielded 
inconsistent results, underscoring the complexity 
of these relationships.49, 50

Conclusion

	 This study provides compelling evidence 
that consistent recreational physical activity 
positively influences both respiratory patterns and 
cytokine profiles in young adult males. The findings 
reinforce that anthropometric characteristics and 
respiratory patterns are largely sport-specific, with 
swimming demonstrating superior pulmonary 
adaptations compared to land-based sports like 
soccer and volleyball. More broadly, all recreational 
sport groups exhibited significantly healthier 
respiratory parameters and markedly lower resting 
inflammatory markers (IL-6, IL-10, and TNF-±) 
compared to the sedentary group. This underscores 
the profound benefit of even recreational-level 
physical activity in maintaining optimal lung 
health and fostering an anti-inflammatory state, 
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both of which are crucial for overall well-being 
and resilience against disease.
	 While direct correlations between 
specific cytokines and spirometry values were 
not always consistent across all active groups, the 
significant inverse relationship between TNF-± 
and lung function in the volleyball group, and the 
positive correlations of IL-10 with spirometry in 
the sedentary group, warrant further exploration. 
These findings suggest nuanced interactions 
between inflammation and respiratory mechanics 
that may differ based on activity level and specific 
sport demands. From a public health perspective, 
the message remains clear: a physically active 
lifestyle, even though accessible recreational 
sports, is a powerful intervention against the 
rising burden of non-communicable diseases and 
contributes to enhanced respiratory and immune 
health, which has become even more pertinent 
in the era of widespread respiratory infections 
like COVID-19. Continued research with larger, 
more diverse samples and longitudinal designs 
will further elucidate these complex physiological 
relationships.
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