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Introduction: Physical activity-associated immune response plays a crucial role in the aging process. This study aimed to determine
the impact of short-term moderate physical activity on cytokine levels, oxidative stress markers, and telomere length in lean/
overweight young subjects.

Methods: Fasting blood samples were collected from 368 participants at Qatar Biobank. Based on their homeostatic model
assessment of insulin resistance (HOMA-IR), participants were categorized as insulin sensitive (IS) or insulin resistant (IR).
Subsequently, they were divided into four groups: sedentary IS (n = 90), sedentary IR (n = 90), moderately active IS (n = 94), and
moderately active IR (n = 94). Moderate physical activity was defined as walking at least two days per week for more than 150
minutes, as determined by physical activity questionnaires. Serum samples were analyzed for circulating inflammatory cytokines (IL-
1B, IL-1RA, IL-6, IL-10, IL-22, MCP-1/CCL2, TNF-a), as well as antioxidant enzyme levels (SOD and catalase). Telomere lengths
were measured in the respective DNA samples.

Results: Moderately active IR participants exhibited significantly lower SOD activity, while catalase activity did not show significant
differences. Moderately active IS participants had higher IL-6 and IL-10 levels compared to sedentary IS participants, with no
significant differences observed in the IR counterparts. Telomere length did not significantly differ between the physically active and
sedentary groups.

Conclusion: This study highlights the potential anti-inflammatory and anti-oxidative stress effects of moderate physical activity in
individuals with insulin sensitivity and insulin resistance. However, no significant changes in telomere length were observed,
suggesting a complex relationship between physical activity and the aging process. Further research is needed to fully understand
the underlying mechanisms and optimize the balance between anti-inflammation and anti-oxidation through exercise and lifestyle
adjustments.
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Introduction

Exercise is recognized as a potent and effective strategy for protecting against inflammation. This beneficial effect can be
attributed to a range of factors, including reductions in visceral fat accumulation and the augmented production of anti-
inflammatory cytokines during physical activity.'” The interplay between exercise and the cytokines such as tumor
necrosis factor (TNF)-a, interleukin (IL)-1p, IL-6, IL-1 receptor antagonist, TNF receptors and IL-10 is complex and
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multifaceted.' * Indeed variations in cytokine levels can depend on the intensity of the exercise training and the
individual’s physical condition.””’

In addition to the impact on cytokines, exercise also influences the activity of antioxidant enzymes that play crucial
roles in managing oxidative stress within the body. Among these enzymes, superoxide dismutase (SOD) and catalase are
particularly important. Research has shown lower levels of these antioxidant enzymes in obese patients, indicating
impaired antioxidant defenses.® Regular physical activity, especially of moderate intensity, has been demonstrated to
increase the activity of SOD and catalase, potentially enhancing the body’s ability to counteract oxidative stress.”
However, the effects of regular physical activity on antioxidant enzyme activity remain ambiguous, and more in-depth
studies are needed.'*"

Another intriguing aspect of the relationship between exercise and health is the influence of physical activity on
telomeres, the protective structures located at the ends of chromosomes. Telomeres naturally undergo a process of
gradual shortening with aging. However, engaging in regular physical activity has been associated with a reduction in
disease risk and a potential preservation of telomere length.'® Studies conducted on US adults have reported significantly
longer telomeres in individuals who participate in regular exercise compared to sedentary individuals.'” Furthermore,
shortened telomeres have been linked to insulin resistance, which is believed to result from a combination of oxidative
stress and chronic inflammation.'® ' The question of whether leukocyte telomere length can serve as a predictive marker
for the development of type 2 diabetes remains an area of ongoing research.>??

Metabolic inflammation is related to the induction of various intracellular stresses, such as mitochondrial oxidative
stress,”* and the predominant mechanisms through which a healthy diet and moderate physical exercise could mitigate
telomere attrition include decreasing oxidative stress and inflammation.?> Several risk factors, including inflammation
and oxidative stress, have been associated with shorter telomere length.*® In light of these considerations, the objective of
our study is to comprehensively compare cytokine profiles, oxidative stress markers, and telomere lengths between
individuals who are physically active and those who lead sedentary lifestyles. To gain a deeper understanding, we further
divide the participants into insulin-resistant (IR) and insulin-sensitive (IS) groups. Our aim is to identify potential
differences in oxidative stress status, the impact on telomere length dynamics, and their implications for insulin
sensitivity in relation to physical activity. By exploring these relationships, this research aims to further uncover novel
therapeutic strategies, refine exercise prescriptions, and develop personalized interventions to harness the benefits of
exercise in combating inflammation, oxidative stress, and age-related cellular changes.

Materials and Methods

The Data Source and Study Participants

For this study, 368 serum and DNA samples were procured from Qatar Biobank (QBB) participants, accompanied by
relevant clinical traits, anthropometric measures, and physical activity questionnaires. Inclusion criteria included young
(20-30 years old), lean/overweight (BMI >20, <30 Kg/m2), and healthy (no chronic diseases) individuals. Exclusion
criteria included those younger than 20 years or over 30 years old, with BMIs less than 20 kg/m2 or greater than 30 kg/
m2, or participants with the following chronic diseases: diabetes, glaucoma, macular degeneration, blood clots, cardi-
ovascular disease, bariatric surgery, or cancer. Anthropometric measurements comprised body weight, height (sitting and
standing) using the Seca stadiometer, hip and waist circumferences as well as bioimpedance (Tanita). Data also included
assessment of muscle strength, grip strength measured in the participants’ right and left hands using a 28 hydraulic hand
dynamometer. For blood pressure, using the Omron 705 automated device, two diastolic and systolic blood pressure
measurements were obtained, and if these differed by 5 mmHg or more, a third measurement was made. Hematology and
blood biochemistry were analyzed by the laboratories of the Hamad Medical Centre Laboratory, Qatar.®’ Ethical
approvals for this study were obtained from both the Institutional Review Board of Qatar Biobank (QF-QBB-RES-
ACC-00066) and Qatar University (QU-IRB 1716-E/22). All participants provided informed consent. Based on their
Homeostatic Model Assessment of Insulin Resistance (HOMA-IR) index, participants were categorized as insulin
sensitive (IS) if HOMA-IR was <1.85, and insulin resistant (IR) if HOMA-IR was >1.85.%* To classify individual into
two groups (Sedentary and active), we have used results of physical activity questionnaire (self-reported activity)
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collected and performed by Qatar Biobank, in addition to results of fitness test such as Handgrip test together with the
aerobic performance test duration (which was not reported to the current data). The two strategies were used to obtain
accurate result regarding the fitness level of the individual, as the self-report questionnaire may not be sufficient to
determine the level of physical activity. According to scientific literature, CDC, ACSM and WHO suggest that
a physically active individual is the one who is engaged into physical activity for at least 150 minutes of moderate-
intensity aerobic activity, 75 minutes of vigorous-intensity aerobic activity, or an equivalent combination each week,
along with muscle-strengthening activities on two or more days per week.? >~

The participants, averaging 25 years of age, included males (n = 189) and females (n = 179) with an average BMI of
25.05. They were categorized into four groups as follows:

Insulin Sensitive Sedentary (ISS, n = 90): 44% male, 46% female, Insulin Sensitive Active (ISA, n = 94): 49% male,
45% female, Insulin Resistant Sedentary (IRS, n = 90): 44% male, 46% female and Insulin Resistant Active (IRA, n = 94):
52% male, 42% female.

Cytokines Profiling

The ProcartaPlex™ Human Mix & Match cytokine multiplex kit (MAN0024966, Invitrogen) was used to simultaneously
profile cytokines, including IL-1 beta, IL-1RA, IL-6, IL-10, IL-22, MCP-1/CCL2, and TNF-alpha using LUMINEX 200
in the sera of 368 samples, according to manufacturer’s instructions. Separate standard curves were used to validate the
assay for the detection and quantification of cytokines according to manufacturer’s instructions using Xponent software.

Antioxidant Enzymes Activity Measurements

Activities of superoxide dismutase and catalase were determined in the sera of 368 samples using the colorimetric
activity assays (EIACATC and EIASODC, respectively), according to manufacturer’s instructions (ThermoFisher
Scientific, Frederick, MD, USA). Absorbance was then read using cytation5 (BioTek, imaging reader, USA).

Measurement of DNA Telomere Length

PureLink®™ Genomic DNA Kits (Invitrogen, Life Technologies, Carlsbad, CA, USA) were used for isolation of genomic DNA
from the clotted blood at the bottom of the serum tubes from 368 samples described in Table 1, according to manufacturer’s
instructions. The concentration and the quality of DNA were measured using the Nanodrop. Absolute Human Telomere
Length Quantification qPCR Assay Kit (ScienCell, Carlsbad, CA, USA) was used to measure the average telomere length in
extracted DNA samples according to manufacturer’s instructions. The kit includes a telomere primer set that amplifies
telomere sequences, a single copy reference region for data normalization and a reference genomic DNA sample with known
telomere length as a reference for calculating the telomere length of target samples. Briefly, two qPCR reactions were prepared
for each genomic DNA sample: one with telomere (TL) and one with single copy reference (SCR) primer stock solutions.
gPCR reactions were prepared by adding genomic DNA template (5 ng/uL) to primer stock solution (TL or SCR) and
GoldNStart TagGreen qPCR master mix. gPCR was run using an initial denaturation of 95 °C for 10 min, followed by 32
cycles of denaturation at 95 °C for 20s, annealing at 52 °C for 20s and extension at 72 °C for 45s using StepOne™ Real-Time
PCR System (ThermoFisher). For quantification of TL, ACq (TL) was quantified by assessing the cycle number difference of
TL between two genomic DNA samples (sample of interest and the reference genomic DNA sample with known telomere
length). For SCR, ACq (SCR) was assessed by quantifying the cycle number difference of SCR between two genomic DNA
samples (sample of interest and the reference genomic DNA sample with known telomere length). AACq was calculated as
ACq (TL)-ACq (SCR). Fold change was assessed as 2-AACq.>

Statistical Analysis

All analyses were performed using R Studio (v 4.0.3) software (R Foundation for statistical computing, Vienna, Austria).
Nominal variables are displayed as numbers with percentages and the differences were determined using Chi-square test.
Numeric (continuous) data are presented as mean (standard deviation) and were compared using Student’s f-test/Mann—
Whitney U-test and 1-way ANOVA. Shapiro Wilk test was used to examine the normality of distribution and skewed data
were log-transformed. Linear regression analysis evaluating the association between ISA vs ISS, IRA vs IRS, and active
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Table | General Characteristics of Study Participants

ISS (n=90) ISA (n=94) P value IRS (n=90) IRA (94) P value All (n=368) P value
Gender
Male 44 (48.9%) 49 (52.1%) 44 (48.9%) 52 (55.3%) 189 (51.4%) 0.789
Female 46 (51.1%) 45 (47.9%) 46 (51.1%) 42 (44.7%) 179 (48.6%)
Vital Signs
Age 25.79 (2.81) 25.95 (2.91) 0.658 25.42 (3.18) 25.57 (2.99) 0.782 25.68 (2.97) 0.719
BMI 24.44 (2.62) 24.7 (2.67) 0.531 25.55 (2.59) 25.5 (2.64) 0.972 25.05 (2.66) 0.008
Average systolic BP (mmHg) 103.49 (8.9) 106.15 (9.58) 0.078 108.16 (9.77) 109.85 (10.02) 0.188 106.93 (9.83) 0.000
Average diastolic BP 61.66 (7.7) 62.04 (7.43) 0.75 64.43 (7.8) 64.04 (8.12) 0.846 63.04 (7.83) 0.027
Pulse rate (beats/min) 71.11 (8.94) 70.63 (10.42) 0.65 74.41 (11.32) 73.28 (10.24) 0.555 72.35 (10.34) 0.071
Physical tests
Weight (kg) 67.36 (11.38) 68.35 (10.71) 0.493 71.42 (11.46) 71.9 (10.28) 0.548 69.77 (11.08) 0.010
Handgrip (left) 31.89 (13.01) 33.07 (13) 0.466 33.27 (14.48) 35.29 (12.66) 0.2 33.4 (13.29) 0.263
Handgrip (right) 32.68 (12.83) 33.77 (13.27) 0.575 34.04 (14.08) 35.81 (12.29) 0.262 34.09 (13.12) 0.345
Blood sugar
Glucose (mmol/L) 4.47 (0.4) 4.56 (0.38) 0.285 4.81 (0.47) 4.75 (0.54) 0.214 4.65 (0.47) 0.000
HbAlc (%) 5.06 (0.29) 5.13 (0.31) 0.143 5.14 (0.34) 5.18 (0.34) 0511 5.13 (0.32) 0.072
Insulin (uU/mL) 6.46 (1.9) 6.26 (1.79) 0.711 13.99 (6.41) 15.88 (7.97) 0.19 10.66 (6.83) 0.000
C-Peptide (ng/mL) 1.56 (0.54) 1.5 (0.42) 0.8l 2.54 (0.9) 2.67 (0.97) 0.422 2.07 (0.92) 0.000
Hemogram
Hemoglobin. g.dI 13.68 (1.79) 13.99 (1.68) 0.215 13.82 (1.78) 1422 (1.63) 0.119 13.93 (1.72) 0.174
White Blood Cell Count (x1073/ul) 0.52 (0.16) 0.53 (0.14) 0.796 0.58 (0.16) 0.53 (0.14) 0.034 0.54 (0.15) 0.051
Lipid profile
HDL Cholesterol (mmol/L) 1.53 (0.39) 1.51 (0.39) 0.815 1.39 (0.36) 1.4 (0.41) 0.865 1.46 (0.39) 0.023
LDL Cholesterol (mmol/L) 2.58 (0.88) 2.82 (0.86) 0.067 2.69 (0.82) 2.76 (0.78) 0.602 2.72 (0.84) 0.263
Triglycerides (mmol/L) 0.94 (0.6) 0.91 (0.46) 0.616 1.14 (0.56) 1.16 (0.63) 0.83 1.04 (0.57) 0.000
Cytokines & others
TL 3.02 (1.38) 3.04 (1.8) 0.485 3.28 (1.65) 3.02 (1.34) 0413 3.09 (1.55) 0.591
SOD 0.73 (1.24) 0.48 (0.4) 0.421 0.59 (0.59) 0.39 (0.35) 0.004 0.54 (0.74) 0.009
Catalase 25.63 (4.41) 25.21 (5.24) 0.466 249 (4.11) 25.02 (4.36) 0.824 25.19 (4.55) 0.340
IL-1B (?) 0.57 (0.62) 0.43 (0.38) 0915 0.33 (0.32) 0.21 (0.13) 0.742 0.41 (0.42) 0.819
IL-6 (pg/mL) 11.61 (20.13) 13.4 (22.74) 0.007 12.94 (19.63) 13.24 (29.43) 0.s8lI1 12.78 (23.21) 0.053
IL-10 (pg/mL) 0.64 (0.8) 4.37 (12.41) 0.079 1.29 (2.08) 0.83 (1.16) 0.498 1.66 (5.94) 0.232
IL-22 (pg/mL) 119.2 (120.32) 621.52 (1496.21) 0.624 281.78 (262.9) 349.68 (685.37) 0.469 332.45 (768.57) 0.566
MCP-1/CCL2 (pg/mL) 141.18 (124.35) 137.07 (115.48) 0.745 141.17 (113.74) 133.71 (121.5) 0.474 138.24 (118.39) 0.906
TNF-a (pg/mL) 2.62 (2.49) 2.19 (1.26) 0.594 2.34 (2.25) 2.88 (4.22) 0.738 2.5 (2.72) 0.930
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vs sedentary participants with correction for confounders’ age, BMI, gender, and fasting time. Means difference of each
analysts between active and sedentary at each level of HOMA-IR was calculated using R Emmeans package while
correcting for confounders: age, BMI, gender, and fasting time. Nominal p-values were corrected for multiple testing
using the false discovery rate (FDR) method. The analysis incorporated the interaction between the HOMA-IR category
and physical activity groups; the estimate represents the offset in the intercept from the sedentary baseline to active
individuals.

Results

General Characteristics of Study Population

Overall, 368 lean/overweight (BMI >20, <30 Kg/m2), young (20-30 years old) individuals were included in this study.
The participants were grouped into ISA, ISS, IRA and IRS based on their HOMA-IR and physical activity status.
Significant differences were observed among the four groups. BMI showed a significant difference between the ISS and
IRS groups (p-value: 0.008), with higher BMI observed in the IRS group. Moreover, average systolic blood pressure
displayed a significant difference between the ISS and IRS groups (p value < 0.001), with higher values in the IRS group.
Average diastolic blood pressure also exhibited a significant difference between the ISS and IRS groups (p-value =
0.027), again with higher values in the IRS group. These findings suggest potential variations in cardiovascular health
and body composition between the two groups. Regarding measured cytokines, IL-6 levels showed a significant
difference between the ISS and ISA groups (p-value: 0.007), with higher levels found in the ISA group. Similarly, IL-
10 levels exhibited a non-significant trend of difference between the ISS and ISA groups (p-value: 0.079), with higher
levels in the ISA group as well. However, no significant differences were found in IL-22, MCP-1/CCL2, and TNF-a
levels among the four groups. Furthermore, white blood cell count demonstrated a significant difference between the ISS
and IRS groups (p value = 0.003), with higher counts in the IRS group. Similarly, triglyceride levels showed a significant
difference between the ISS and IRS groups (p-value = <0.001), with higher levels observed in the IRS group. Other
factors, such as waist size and hip size, also displayed significant differences among the groups. Basic subject’s
characteristics are summarized in Table 1.

Differences in the Levels of Cytokines, Oxidative Stress Markers and Telomere Length
Between ISA Vs ISS and IRA Vs IRS

A linear model was used to evaluate the differences in cytokines, oxidative stress markers and telomere length between
ISS vs ISA and IRS vs IRA individuals after correcting for confounding factors, including gender, age, BMI and fasting
time. Among the detected cytokines, IL-6 and IL-10 showed significantly higher levels in ISA compared to ISS (p =
0.023, 0.027, respectively) as shown in Table 2 and Figure 1. On the other hand, our results showed significantly lower

Table 2 Linear Regression Analysis Evaluating the Differences in Cytokines,
Oxidative Stress Markers and Telomere Length (TL) Between ISA Vs ISS After
Correcting for Potential Confounders

Name Estimate Std. Error t. value P-value
IL-6 0.41 0.18 2.28 0.02
IL-10 1.05 0.46 226 0.03
SOD —0.14 0.12 -1.23 0.22
Catalase —0.04 0.03 -1.15 0.25
IL-IRA —-1.02 223 —0.46 0.66
IL-22 0.39 1.06 0.37 0.71
IL-1-beta —-0.17 0.48 —0.36 0.72
MCP-1-CCL2 —0.05 0.15 —0.30 0.77
TNF-a —0.06 0.22 —0.28 0.78
TL —0.04 0.07 —0.53 0.60
Journal of Inflammation Research 2023:16 https: 5431
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Figure | Comparing levels of serum IL-10 (a) and IL-6 (b) cytokines among ISS, ISA, IRS and IRA groups. Linear regression analysis evaluating the differences among the
studied groups after correcting for age, BMI, gender, and fasting time. Data are presented as Mean+SEM. p* <0.05.

level of SOD in IRA group compared to IRS (p value = 0.005), as presented in Table 3 and Figure 2. There were no
significant differences in telomere lengths among ISS, ISA, IRS and IRA individuals (Figure 3).

Spearman Correlation Between Cytokines, SOD, Catalase, Telomere Length and
Triglycerides

Correlation analysis was conducted to explore the relationships between different cytokines, such as IL-6, IL-10, and
MCP-1, as well as oxidative stress markers like SOD and catalase, telomere length, and clinical traits within the entire
cohort. The results revealed several significant correlations summarized in Figure 4. IL-6 showed positive correlations
with TNF-a and SOD, IL-10 exhibited a positive correlation with IL-13, MCP-1 displayed a positive correlation with IL-
1RA, SOD correlated positively with HDL-cholesterol and IL-6. Conversely, IL-6 demonstrated a negative correlation
with MCP-1, IL-10 showed a negative correlation with HDL-cholesterol, MCP-1 exhibited negative correlations with IL-
6 and catalase, and SOD displayed negative correlations with triglycerides, catalase, and C-peptide.

Discussion

In this study, the ISA group displayed elevated circulating levels of IL-6 and IL-10 compared to the ISS group. However,
no significant difference was observed between the IR active and sedentary groups, likely because IR individuals had
higher levels of IL-6. The role of IL-6 in insulin resistance has been a subject of debate for many years. However, some
previous studies suggest that IL-6 does not promote insulin resistance and, in certain cases, may even have beneficial
effects on this disorder.>* PA triggers the release of higher amounts of specific cytokines, primarily IL-6.*> IL-6 plays

Table 3 Linear Regression Analysis Evaluating the Differences in Cytokines,
Oxidative Stress Markers and Telomere Length (TL) Between IRA Vs IRS After
Correcting for Potential Confounders

Name Estimate Std. Error t. value P-value
IL-6 —-0.01 0.18 —0.04 0.97
IL-10 -0.36 0.44 -0.81 0.42
SOoD -0.33 0.11 -2.86 0.01
Catalase 0.00 0.03 0.04 0.97
IL-IRA —0.48 1.17 —0.41 0.69
IL-22 0.04 0.96 0.04 0.97
IL-1-beta —0.40 0.64 —0.63 0.54
MCP-1-CCL2 —0.04 0.15 —-0.26 0.79
TNF-a 0.04 0.22 0.19 0.85
TL —0.06 0.07 -0.83 0.41
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Figure 2 Comparing level of SOD among ISS, ISA, IRS and IRA groups (a) and between active and sedentary (b). Linear regression analysis evaluating the differences among
the studied groups after correcting for age, BMI, gender, and fasting time. Data are presented as Mean+SEM. p* <0.05.
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Figure 3 Comparing DNA telomere length among ISS, ISA, IRS and IRA groups. Linear regression analysis evaluating the differences among the studied groups after
correcting for age, BMI, gender, and fasting time. Data are presented as Mean+SEM.

a role in regulating energy expenditure, likely through its influence on brown adipose tissue via central nervous system
effects. Our results demonstrated significant positive correlations between IL-6 and TNF-a levels. Both IL-6 and TNF-a
were found to be elevated in obese and insulin-resistant patients. However, TNF-a exhibited inconsistent levels following
prolonged exercise.*® Skeletal muscles release higher quantities of IL-6 during workouts, and this release is dependent on
the type, intensity, and duration of the activity.*”*® Consequently, anti-inflammatory cytokines such as IL-10 are released
in response to acute inflammation.>® IL-6 has been extensively studied in the scientific community as the key cytokine in
exercise physiology, showcasing its pivotal role. In response to exercise, IL-6 levels exhibit a significant exponential

increase (up to 100-fold), which subsequently decline rapidly in the post-exercise period. Despite its well-known pro-
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inflammatory function, IL-6 also exerts anti-inflammatory effects during exercise. One proposed mechanism for these
effects involves IL-6 inducing the production of anti-inflammatory cytokines, specifically IL-10 and IL-1R.*°

Our emerging data has also showed higher IL-10 levels in the active insulin-sensitive groups. ISA individuals showed
a four-fold higher levels of IL-10 compared to their sedentary counterparts. Studies have shown that IL-10 appears during
the recovery period after PA.*° It is evident that certain cytokines promote muscle cell function during physical activity,
thereby enhancing exercise performance.*® IL-10 is produced by activated macrophages and Th2 cells. It inhibits the
production of IFN-y by Thl cells, shifting immune responses toward a Th2 type. IL-10 also suppresses cytokine
production by activated macrophages and the expression of class II MHC and co-stimulatory molecules by these
macrophages, thereby reducing immune responses.

It is plausible that IL-6 and IL-10 work synergistically to regulate immune responses and inhibit the development of severe

1*! demonstrated that IL-10 is upregulated in the presence of IL-6, which aligns with

inflammatory reactions. McGeachy et a
our findings. Fluctuations in IL-10 in response to PA were associated with increased insulin sensitivity and protection of
skeletal muscle against the detrimental effects of inflammatory responses due to macrophage infiltration. Moreover, our study
reported a positive correlation between IL-10 and IL-1p, as well as a negative correlation with HDL cholesterol. Notably, Kim

1*> demonstrated that in non-diabetic obese patients, a decrease in serum total cholesterol levels was accompanied by an

eta
increase in serum IL-10 concentration. Although IL-1B remained unchanged in both insulin-sensitive and insulin-resistant
groups, whether active or sedentary, some cytokines such as IL-6 and IL-10 seem to be influenced by the level of PA. As
previously mentioned, the intensity and duration of PA may play a significant role in the disparities of results. For instance,
Stewart et al*® found that a 12-week aerobic exercise training did not alter plasma IL-6 and IL-1p levels when comparing
young active groups (18-35 years) to older groups, suggesting that short-term training (months) might not be sufficient to
induce changes in proinflammatory cytokines. Furthermore, there are more similarities than differences between the immune
function of resting athletes and non-athletes, according to Nieman et al.***

Catalase, glutathione peroxidase, and SOD are important antioxidant enzymes. Our data has revealed that active
individuals had lower SOD than sedentary counterparts regardless of their insulin sensitivity status. Despite the
numerous health benefits of regular muscular activity, exercise causes a rise in the free radicals and other types of
reactive oxygen species (ROS). Regular training, especially aerobic training, strengthens enzymatic antioxidant
defenses.*® However, previous studies have also suggested that exercise or PA can decrease oxidative stress status.*’
According to a recent meta analysis, Xu et al*® observed that higher SOD outcome could not reveal the antioxidant

balance as it is a “complex system” that may depends on several factors. Findings from the meta-analysis suggested
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that results are clearly contradictory and most likely depend on the sampling period as well as the length and
training intensity, which have varied widely between researches. Some of these studies demonstrated that post
training SOD would reduce the lactic acid generated by endurance exercise.*” This has been confirmed by another
study, which indicates that elevated SOD improves fatigue and muscle recovery.’® These impacts are again
explained by the ability of SOD to fight against oxidative stress. Indeed, intense or prolonged physical exercise is
a generator of free radicals. According to a recent research, endurance exercise increases extracellular SOD
(EcSOD) levels in various peripheral organs by encouraging EcSOD expression in skeletal muscle.”’ However,
according to Ooawakara et al,>® three month of endurance training may only increase the EC-SOD reserves in
intracellular level. Our data also revealed higher SOD in ISA compared to IRA counterparts. According to Tinahone
et al,® the patients with elevated IR had lower plasma SOD activity, which is in line with our findings. This result
may provide evidence of relation of lower concentrations of superoxide anions and IR, despite physical activity
status.

Physical activity status exhibited no change in telomere length in all groups. Our previous study showed that high-intensity
elite athletes had elevated levels of IL-6 and IL-10 and longer telomeres compared to low and moderate intensity counterparts.>®
Endurance exercise (eg running, brisk walking, or swimming) and a healthy lifestyle in general have been associated with longer
TL and may therefore delay cellular aging. Beneficial effects of PA on cell regeneration and senescence have already been
observed. Long-term endurance training is associated with higher telomerase activity and reduced telomere wear in young and
middle-aged endurance athletes compared to inactive individuals.’*> The results of that study show that only endurance activities
can improve telomerase activity and the length of leukocyte telomeres in a punctual and chronic way (26 weeks of training), thus
confirming the interest of practicing regularly and/or longer duration moderate training to allow higher telomerase activity and
longer TL. Such phenomenon is also observed in twins where one would be active and the other inactive. As reported that higher
intense PA would result in longer TL in twin comparing to their sibling.*® The absence of a significant difference in telomere length
between sedentary and physically active individuals in our study may be attributed to several factors. These may include the
specific intensity and duration of physical activity, variations in telomerase activity, and the influence of other biological and
environmental factors that were not accounted for in our analysis. Further research is needed to explore the complex relationship
between physical activity, telomere length, and the mechanisms involved in cellular aging.

While the study provided valuable insights, its cross-sectional design and reliance on self-reported physical activity data
limited the ability to establish causality or determine long-term effects. Another limitation is relying on HOMA-IR crude cut-off as
a reference for insulin resistance. Different results might have arisen if we had defined an IR group based on HbAlc levels.
Furthermore, the findings suggested distinct effects of moderate activity in insulin-sensitive and insulin-resistant individuals, but
no significant changes in telomere length were observed, indicating a lack of direct correlation between moderate physical activity
and the aging process in this specific population. While telomere length is often considered a measure of aging, it is important to
acknowledge that aging is influenced by numerous factors, and physical activity exerts its impact on aging through various
mechanisms beyond just telomere length. Further research with longitudinal designs, objective physical activity measures, and
diverse populations is necessary to validate and expand upon these findings.

Conclusion

This study provides valuable insights into the selective impact of physical activity on specific cytokines, particularly IL-6
and IL-10, in insulin-sensitive individuals. It also suggests that the mode and duration of physical activity influence other
cytokines, such as IL-1beta, IL-1RA, 1L-22, MCP-1/CCL2, and TNF-a. Importantly, the exercise-induced elevation in
IL-6 does not lead to inflammatory exacerbations and is associated with beneficial effects. This presents exciting
opportunities for utilizing exercise and its cytokine profile in the treatment of various conditions, necessitating further
research in sports medicine and immunobiology. Moreover, the study highlights higher IL-6 and IL-10 levels in
physically active insulin-sensitive individuals, indicating potential anti-inflammatory roles in glucose metabolism and
insulin resistance. However, no significant changes in telomere length were observed between active and sedentary
groups, suggesting that physical activity alone may not be sufficient to ensure longer telomeres. Factors such as exercise
duration, intensity, recovery time, and diet may influence telomere dynamics. Future longitudinal studies are necessary to
uncover the complex relationships between antioxidant enzymes, other molecules, and their biological functions.
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Additionally, optimizing the balance between oxidation and antioxidation through regular exercise and lifestyle adjust-
ments warrants further investigation.
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