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Search strategy
A systematic literature search was carried out in MEDLINE (via PubMed) and Scopus focusing on systematic reviews and meta-analyses published from January 2019 to March 2025. 
The search employed Boolean operators with the following keywords: ("Exercise" OR "Physical Activity") AND ("Systemic Inflammation" OR "Chronic Inflammation" OR "Inflammatory Cytokines" OR "Inflammatory Biomarkers") AND ("Meta-analysis"). 
Two investigators (OM and DP) independently evaluated the retrieved articles for eligibility based on predefined criteria. Full texts of the selected abstracts were obtained and reviewed independently to ensure eligibility and completeness. The inter-rater reliability of the data screening and selection process was evaluated using the kappa statistic (range  from -1 to 1, where a κ of 1 indicates perfect agreement, 0 indicates no agreement beyond chance, and negative values suggest systematic disagreement).

[bookmark: _Hlk177252852]Supplemental Table 1. Characteristics of the included meta-analyses: design, number of participants, characteristics of the intervention and effect on chronic systemic inflammation 
	Author, year
	Design
	Studies included – Total participants
	Quality
	Intervention
	Main Results

	Guo et al., 2024
	PICOS: (P) obesity or overweight, Age:10–70 years; (I) AE or RT; (C) All types of comparisons/control; (O) CRP, IL-6, TNF-α; (S) RCTs

	Studies: 22
Participants: 1135


	12
	Duration: <8 weeks - 12 months
Frequency: AE: 3–5 times/week; RT: 2-3 times/week
Types of exercise: AE, RT
Session: AE: 30–60 min; RT: 8-12 sets of 12 exercises
Intensity: moderate - high
	↓ CRP (17 studies): SMD = −0.70, 95% CI = −1.07 to −0.33. (I2 = 85%, p < 0.00001) 
TNF-α (14 studies): ns. (I2 = 87%, p <0.00001) 
↓ IL-6 (17 studies) SMD = −0.34, 95% CI = −0.64 to −0.03. (I2 = 77%, p < 0.00001). 

	Makarewicz et al., 2022
	PICOS: (P) free-living adults with overweight/obesity; (I) ET, ST, CT; (C) ET vs ST, or/and ET vs. CT, or/and ST vs. CT; (O) CRP, IL-6, TNF-α, leptin, adiponectin, visfatin; (S) RCTs
	Studies: 24
Participants: 1145


	10
	Duration: 8-26 weeks
Frequency: ~3 times /week 
Types: ET, ST, CT 
Session: ET: 13-60 min; ST: 30-68 min; CT: 30-90 min
	CRP (10 studies): ET vs ST: (SMD: −1.317, 95% CI: −2.565, −0.070). (Q-value = 74.169, p < 0.0001, I2 = 93.259%); ET vs CT: ns; ST vs CT: ns 
IL-6 (12 studies): ET vs ST: (SMD: −0.363, 95% CI: −0.648, −0.078). (Q-value = 1.662, p = 0.7976, I2 = 0.000%). ET vs CT: ns; ST vs CT: ns
TNF-α (10 studies): CT more beneficial than ST (SMD: 0.890, 95% CI: −0.301, 1.478). (Q-value = 2.467, p = 0.1162, I2 = 59.473%); ET vs ST: ns; ET vs CT: ns

	Wang et al., 2022
	PICOS: (P) people with overweight and obesity; (I) exercise for ≥4 weeks; (C) exercise intervention or no-exercise control; (O) body composition and inflammatory cytokine levels; and (S) RCTs.
	Studies: 38
Participants:  1317 (intervention: 868, control: 449)
	13
	Duration: 4-48 weeks (most of them: 12 weeks)
Types: AE, RT, CT, and HIIT 
	↓ CRP (20 studies): (SMD=−0.76; 95% CI: −1.11, −0.41; p<0.0001; I2 = 78%).
↓ TNF-α (22 studies): (SMD=−1.36; 95% CI: −1.90, −0.82; p<0.00001; I2 = 91%). 
↓ IL-6 (19 studies): (SMD=−0.85; 95% CI: −1.42, −0.27; p=0.004; I2 = 91%).

	Al-Mhanna et al., 2024
	PICOS: (P) T2DM with overweight/obesity; (I) cardiovascular and resistance training (CART); (C) various exercise modalities, no exercise, or standard treatment (ST); (O) HbA1c, systolic and diastolic blood pressure, resting heart rate, CRP, TNF-α, IL-6, cardiorespiratory fitness, quality of life (QoL), BMI; (S) RCTs and controlled clinical trials. 
	Studies: 20
Participants: 1192
Age: 57 ± 7 



	12
	Duration: short-term:  8–12 weeks (8 studies); long-term: 16-60 weeks (12 studies)


	CRP (3 trials): ns
↓TNF-α (2 trials): SMD −0.96, 95% CI [−1.52 to −0.39]; I² = 12%; p = 0.009 
↓IL-6 (2 trials): SMD −0.94, 95% CI [−1.60 to −0.28]; I² = 0%; p = 0.009

	Fernández-Rodríguez et al., 2023
	PICOS: (P) adults with T2DM; (I) at least one arm trial related to RT; (C) usual care and advice, recommendations about physical activity, stretching); (O) outcome: inflammatory biomarkers such as CRP, TNF-α, IL-6, or IL-10; (S) RCTs
	Studies: 13 
Participants: 568 (intervention: 261, control: 256)
mean Age: 48-72 
	12
	Duration: 12-16 weeks
Frequency: 2-3 sessions/week 
Type: RT
Session: 60-75 min
	↓CRP (11 studies): SMD: –0.20, 95% CI, –0.37 to –0.02 (I2=0%) 
TNF-α (6 studies): ns
IL-6 (5 studies): ns

	Chen et al., 2020
	PICOS: (P) people with T2DM; (I) structured program of exercise training ≥ 8 weeks; (C) control group that did not perform exercise training; (O) inflammatory factors before and after the intervention; (S) RCTs,
	Studies: 23
Participants: 1350 (intervention: 699, control: 651)
Age: 40-60 
	13
	Duration: > 8 weeks
Types: AE, RT, CT
Intensity: moderate - high 
	↓ CRP (18 studies): -0.79 mg/l (95% CI, −1.26 to −0.33 mg/l; I2 = 93%; p for heterogeneity < 0.1). 
↓ TNF-α (10 studies): −2.33 μg/ml (95% CI, −3.39 to −1.27 μg/ml; I2 = 92%; p for heterogeneity < 0.1). 
↓ IL-6 (13 studies): (MD = −0.42, p < 0.0001; 95% CI: −0.60 to −0.24, I2 = 94%, p for heterogeneity < 0.1). 

	Silva et al., 2024
	PICOS: (P) physically inactive adults (aged 18 - 64 years) without T2DM; (I) CT for ≥4 weeks; (C) non-exercise control; (O) glucose metabolism markers, adipokines, and inflammatory cytokine levels; (S) RCTs
	Studies: 24 
Participants: 852 (intervention: 476, control: 376)
Age: 41.71 ± 13.08 
	13
	Duration: 8-24 weeks 
Frequency: 3-6 times/week
Types: CT
Session: 50-90 min
Intensity: AE: 40–80% HRR, 60–100% HRmax, or 50–85% VO2peak; RT: 1–4 sets, 6–20 repetitions, 5–10 exercises, 20-90% 1RM
	↓ CRP (7 studies): (SMD: − 0.507, 95% CI [− 0.818, − 0.196], Z-value = − 3.197, p = 0.001) (medium effect size); Q-value = 5.693 with 6 degrees of freedom and p = 0.458, I2 = 0.
↓ TNF‑α (5 studies): (SMD: − 0.972, 95% CI [− 1.361, − 0.582], Z-value = − 4.891, p < 0.001) (large effect size); Q-value = 1.689 with 4 degrees of freedom and p = 0.793, I2 = 0.
IL‑6 (7 studies): ns 

	Thompson et al., 2020
	PICOS: (P) formally diagnosed coronary artery disease; (I) exercise intervention with a duration >2 weeks; (C) no exercise intervention; (O) exercise training in combination with a comprehensive cardiac rehabilitation program; (S) RCTs
	Studies: 15 
Participants: 2105 (intervention: 1426, control: 679) 
Age: 51–68
	11
	Duration: 3-48 weeks
Frequency: 2–7 sessions/week 
Types: cardiorespiratory intervention and/ or RT 
Session: 15–75 min
Intensity: moderate-vigorous; RT: 60-65% 1RM
	↓ CRP (SMD: −0.55 (95% CI: −0.93, −0.16), P = 0.005). (I2 = 85%, χ2 P<0.00001).

	Abbasi et al., 2022
	PICOS:
(P) breast cancer patients; (I) exercise training; (C) control group (usual care, stretching, educational program, relaxation, psychosocial support); (O) inflammatory factors, (S) RCTs 
	Studies: 18
Participants: 2295 (intervention: 1738, control: 557)
Mean age: 64 
	11
	Duration: 4-48 weeks
Types: AE, RT, CT, CT + stretching, Tai Chi, yoga 
	↓ CRP (11 studies): (WMD): - 0.55; 95% CI: -1.10, -0.01)
TNF-α (8 studies): ns
IL-6 (15 studies): ns

	Tan et al., 2023
	PICOS: (P): Postmenopausal women with overweight/obesity; (I) exercise intervention; (C) exercise intervention and non-exercise control group; (O) Inflammation marker levels; (S) RCTs.  
	Studies: 34
Participants: 2229 (intervention: 1261, control: 968) 
Age: 46.7 – 88.9 
	13
	Duration: 8 weeks - 12 months 
Frequency: 2-5 times/week 
Types: AE, RT, CT
Intensity: moderate – high
	↓   CRP (11 trials): MD: -0.59, 95 % CI: - 0.87 to - 0.31, p < 0.00001. 
[bookmark: _Hlk170854430]↓   TNF-α (17 trials): MD: -0.65, 95 % CI: - 0.94 to - 0.35, p < 0.0001. 
↓   IL-6 (16 trials): MD: -0.48, 95 % CI: - 0.75 to - 0.21, p < 0.00001. 

	Khalafi et al., 2021
	PICOS: (P) post-menopausal women; (I) exercise intervention:  ≥4 weeks; (C) before – after intervention; (O) inflammatory markers including IL-6, TNF-α, CRP or adiponectin at baseline and after completion of the intervention; (S) RCTs or non-randomized controlled trials
	Studies: 32 
Participants: 1510 
Age: 52.2 – 88.9 

	12
	Duration: 6 weeks – 12 months 
Frequency: 2–6 times/ week (most common: 3 times/week, n = 22)  
Types: AE, RT, CT, and yoga  
	↓ CRP (19 trials): MD: -0.64 (95% CI: - 0.91 to -0.38). (I2 = 69.52%, p < 0.001).
↓TNF-α (14 trials): MD: -0.64 (95% CI: - 0.91 to -0.37). (I2=70.38%, p<0.001). 
↓IL-6 (18 trials): MD: -0.75 (95% CI: -1.07 to -0.42). (I2 = 77.40%, p < 0.001). 

	Cheng & Yang, 2024
	PICOS: (P) middle-aged and senior aged ≥50 years; (I) RT for 4 weeks; (C) 1 control group – no intervention; (O) CRP, IL-6, TNF-α; (S) RCT;
	Studies: 12
Participants: 388 (intervention: 191, control 197)
Age: 50-88 
	12
	Type: RT
	↓ CRP (10 studies): (SMD = − 0.56, 95% CI: -0.78 to -0.34). (I2 = 48 %).
TNF-α (5 studies): ns. (I2 = 30 %). 
IL-6 (6 studies): ns. (I2 = 44 %).

	Kim & Yeun, 2022
	PICOT-SD: (P) age ≥60 years; (I) RT; (C) no intervention or other comparative intervention; (O) CRP, IL-6, IL-10, or TNF-α; (T) post-intervention; (S) hospital, nursing home, or community; (D) RCTs
	Studies: 18
Participants:  539 (intervention: 268, control: 271) 
Mean Age: 62.0 – 82.7
	12
	Duration: 6-32 weeks
Frequency: 2-4 times/week
Type: RT 
Session: 20-70 min
Intensity: moderate
	↓ CRP (16 studies): MD: −0.72 (95% CI = −1.06 to −0.38) (I2 = 69%). 
IL-6 (11 studies): ns (I2 = 84%). 
↓ TNF-α (11 studies): MD: −0.56 (95% CI = −1.08 to −0.03, I2 = 81%). 


	Khalafi et al., 2023
	PICOS: (P) human subjects with mean ages ≥ 65 yrs.; (I) intervention duration ≥ 2 weeks; (C) exercise interventions vs control groups (non-exercise); (O) inflammatory markers including IL-6, TNF-α, and CRP; (S) randomized trials (parallel or crossover designs)
	Studies: 40
Participants:  1898
Age: 67-90
	13
	Duration: 6 weeks – 12 months
Frequency: 2-5 times/week
Types: AE, RT, CT or >1 types
	↓ CRP (33 studies): MD −0.45 (95% CI −0.61 to −0.29). (I2 = 52.55%, p = 0.001). 
↓ IL-6 (26 studies): MD− 0.17 (95% CI −0.32 to −0.02 (I2 = 29.94%, p = 0.06). 
↓ TNF-α (20 studies): MD: −0.30 (95% CI −0.47 to −0.13), p = 0.001]. (I2 = 32.22%, p = 0.07).

	Hong-Baik et al., 2023
	PICOS: (P) patients with Fibromyalgia; (I) multimodal Rehabilitation; (C) before vs after intervention; (O) inflammatory markers; (S) clinical trials and RCTs, in English or Spanish 
	Studies: 8
Participants: 320 
Age: 57 ± 20 
	9
	Duration: 1 session – 8 months
Session: 18min - exhaustion
	TNF (5 studies): ns
IL-6 (5 studies): ns

	Suso-Martí et al., 2024
	PICOTS: (P): adults with fibromyalgia (FM); (I) EBIs, as planned and structured physical activity; (C) pre-intervention measures; (O) pro-inflammatory and anti-inflammatory cytokines, stress and inflammatory markers levels (e.g., IGF-1, cortisol, etc.); (T) immediately after treatment (post-intervention) and after the end of the treatment (follow-up); (S) RCTs
	Studies: 11
Participants: 817
Age: 25-57 
	11
	Types: AE, RT, aquatic 
Session: 20-60 min
Intensity: AE (55 % VO2max to exhaustion); RT (40–80 % 1RM and 40–80 % MVC)
	TNF-α (7 comparisons): ns. high heterogeneity (p<0.01, I2=85%).


	Xue et al., 2024
	PICOS: (P) Asian adults diagnosed with sarcopenia; (I) RT, such as kettlebell training, elastic band exercises, exercises with elastic balls, and self-weight exercises; (C) non-RT interventions; (O) IL-6, TNF-a, CRP, IL-10 (S) RCTs.
	Studies: 6 
Participants:  278 (intervention:145, control: 133)
Age: 56-81
	11
	Duration: 8-24 weeks 
Frequency: 2-3 times/week
Type: RT
Session: 50-90 min 
	CRP (4 studies): ns (I2 = 0.0%)
↓ IL-6 (5 studies): WMD = -0.73 pg/ml, 95% CI = -1.02 to -0.44, I2 = 21.5%)
TNF-α (5 studies): ns (I2 = 88.2%)

	Puts et al., 2023
	PICOS: (P) people with knee osteoarthritis; (I) exercise intervention; (C) pre- vs post- intervention; (O) inflammatory markers; (S) RCTs, non-randomized controlled trials (NRCT), trials with a pre-experimental design and pilot studies.
	Studies: 21
Participants: 1374 
Mean Age: 58 - 75
	11
	Types: AE, RT, CT, other (e.g. flexibility training, Tai Chi)
	↓ CRP: MD: -0.17, 95% CI -0.31 to -0.03 (I²=0%; p= 0.91). 
IL-6 and TNF-α did not change 

	Baker et al., 2022
	PICOS: (P) patients diagnosed with a form of inflammatory bowel disease (IBD) (CD or UC), disease activity reported pre- and post-exercise intervention; (I) exercise intervention as a treatment; (C) pre- and post-exercise intervention; (O) pro- and anti-inflammatory markers; (S) primary studies, with no restrictions on date of publication or participant’s age
	Studies: 5
Participants: 192


	10
	Duration: acute or 9 ± 1 weeks or 60–80 hours of total exercise duration 
Frequency: acute or 3 sessions/week
Types: acute cycling bout or chronic exercise interventions 
	IL-6 (2 studies): ns. (I2 = 0%)
TNF-α (2 studies): ns. (I2 = 0%)
CRP (2 studies): ns. (I2 = 0%)

	Ghojazadeh et al., 2024
	PICOS: (P) adult male or female tobacco smokers; (I) any form of AE for at least 4 weeks, with 2 or more sessions per week; (C) control - no intervention; (O) CRP or TNF-α concentrations; (S) RCTs
	Studies: 6
Participants:  215
Age: 18-65

	10
	Duration: 4-12 weeks
Frequency: ≥ 2 times/week
Type: AE 
Session: 20-65 min
Intensity: 30-80% HRmax
	CRP (4 studies): ns. (Tau2 = 0.01, Chi2 = 4.37, df = 3, P = 0.22, I2 = 31 %). 
↓ TNF-α (2 studies): (MD = − 6.68, 95 % CI = − 13.81 to − 0.08, P = 0.05). (Tau2 = 0.00, Chi2 = 0.05, df = 1, P = 0.82, I2 = 0 %).

	Wang et al., 2022
	PICOS: (P) healthy individuals; (I) RT of any intensity, duration, and frequency, (C) control group received no treatment; (O) outcomes: plasma or serum inflammatory biomarkers; (S) parallel or crossover RCTs
	Studies: 15 
Participants: 646
Age: 21-86 

	12
	Duration: 8-24 weeks
Type: RT 


	CRP (11 studies): ns, (I2 = 80.8%, p < 0.001).
↓ TNF-α (7 studies): (SMD = -0.81, 95% CI: -1.42 to -0.20, p = 0.009), (I2 = 77.7%, p < 0.001).
IL‑6 (12 studies): ns (I2 = 77.5%, p < 0.001).

	Wang et al., 2023
	PICOS: (P) healthy individuals; (I) any type of long-term ET of any intensity, frequency; (C) the ET vs non-exercise control or ET plus other intervention vs other intervention only; (O) inflammatory biomarkers in plasma or serum; (S) parallel or crossover RCTs 
	Studies: 38 
Participants: 2557
Age: 21-86 
	12
	Type:  AE, RT, multicomponent 
	↓ CRP (26 studies): (SMD -0.18, 95% CI -0.31 to −0.06). (p < 0.001, I2 = 88.1%). 
↓ TNF-α (22 studies): (SMD −0.43, 95% CI −0.62 to −0.24). (p < 0.001, I2 = 87.8%). 
↓ IL-6 (32 studies): (SMD −0.16, 95% CI −0.30 to −0.03). (p < 0.001, I2 = 90.3%). 

	Rose et al, 2021
	PICOS: (P) adults; (I): AE or RT, 2 or more different intensities; (C) control: different exercise intensity intervention of the same modality as the intervention group; (O) CRP, IL-6, TNF-α, IL-10; (S) RCTs and intervention trials

	Studies: 27
Participants: 1323
Age: 20 – 65 (median: 41) 


	13
	Duration: 2-26 weeks
Frequency: 3-5 times/week 
Types: AE, RT 
Session: higher intensity: 16-60 min; lower intensity: 20-70 min
Intensity: higher: 65-95% HRmax or 60-90% peak power output or 100% MAS or 85-95% 1RM; lower: 40-80% HRmax or 33-40% peak power output or 70% MAS or 65-70% 1RM.
	CRP, TNF-α, IL-6: ns

	Alves et al., 2022
	PICOS: (A) running distances ≥21 km; (C) pre- and post-running inflammatory biomarkers; 
(P) people running distances ≥21 km; (I) running lost distances; (C) pre- and post-running; (O) inflammatory biomarkers; (S) articles focusing in ultra-marathon, marathon, and half-marathon and levels of cytokines
	Studies: 29 

	10
	Type: acute bout of running
	↓ TNF-α (11 studies): SMD −0.83; 95% CI: −1.00, -0.67; I2= 96%
↓ IL-6 (20 studies): SMD −6.69; 95% CI: −8.14, −5.24

	Khalafi et al., 2024
	PICOS: (P) physically inactive children or adolescents; (I) any type (AE, RT, HIIT, and CT), ≥2 weeks; (C) intervention vs. control or post- vs. pre-intervention; (O) IL-6, TNF-α, and CRP; (S) RCTs and non-randomized controlled trials or single-group pre-post trials
	Studies: 38
Participants: 2043  
Age: 7-17 

	14
	Duration: 2-52 weeks 
Types: AE, CT, HITT, RT, >1 types 

	↓ CRP (23 studies): SMD: −0.28; 95 % CI: −0.41, −0.16; (I2 = 43.13, P = 0.003). 
TNF-α (12 studies) ns. (I2 = 39.05, P = 0.07). 
↓ IL-6 (18 studies): SMD: −0.44; 95 % CI: −0.68, −0.21; P = 0.001. (I2 = 60.41, P = 0.001). 


↓: statistically significant reduction (P<0.05)
Abbreviations: 1RM: 1 repetition maximum; AE: aerobic exercise; CI: confidence interval; CRP: C-reactive protein; CT: combined training; ET: endurance training; HbA1c: Hemoglobin A1C; HRmax: maximum heart rate; HRR: heart rate reserve; IL: Interleukin; min: minutes; MAS: Maximal aerobic speed; ns: non-significant; MD: mean difference; PICOTS-SD: (P) Population, (I) Intervention, (C) Comparator, (O) Outcomes, (S) Settings; (S) Study design; RCT: Randomised Controlled Trial; RT: resistance training; SMD: standard mean difference; ST: strength training; T2DM: Type 2 Diabetes Mellitus; TNF-α: Tumor Necrosis Factor alpha; WMD: weighted mean difference. Quality score was based on AMSTAR-PLUS.
