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Introduction 
 

Physical inactivity, recognised by the World Health Organization (WHO) as a major global 
health concern, is defined as the failure to achieve recommended levels of energy-
expending physical movement, while sedentary behaviour refers to any waking activity 
performed in a sitting, reclining, or lying posture with an energy expenditure of ≤1.5 
metabolic equivalents [1,2]. These two behaviours, although related, represent distinct but 
often co-occurring dimensions of suboptimal lifestyle patterns [3]. Modern environments 
characterised by prolonged screen exposure, desk-based occupations, and urbanised living 
have substantially reduced opportunities for regular movement, contributing to persistently 
high levels of inactivity across all age groups. Current global data show that about one in four 
adults and more than 80% of teens do not follow the recommended activity guidelines [1,2]. 
Older adults are also affected because they are less active and spend a lot of time sitting [4]. 
This prevalent inactivity is linked to considerable public health consequences: the WHO 
identifies physical inactivity as the fourth principal risk factor for global mortality, 
responsible for around 6% of deaths globally [5]. Evidence indicates that inadequate 
physical activity leads to increased adiposity, low-grade systemic inflammation, and an 
elevated risk for various non- communicable diseases, including cardiometabolic 
disorders, neurodegenerative conditions, and generalized immune dysfunction [5,6]. 
Inflammation is a fundamental, evolutionarily conserved host response to tissue insult or 
infection that manifests as a coordinated sequence of vascular, cellular, and molecular 
events intended to isolate and eliminate the inciting stimulus and to initiate tissue repair [7]. 
Rapid and self-limiting inflammation is described as acute inflammation, whereas chronic 
inflammation denotes a persistent, dysregulated state of immune activation with ongoing 
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cytokine production and progressive tissue remodelling or damage [8,9]. Contemporary 
work emphasises that the reach of inflammatory mechanisms extends well beyond 
classical foci of infection or injury and includes low-grade, sterile forms of metabolic 
inflammation (often termed “metainflammation”) that arise when initiating stimuli persist or 
resolution mechanisms fail [7,10]. Subclinical, chronic inflammation is increasingly 
considered a key mechanistic link between adverse lifestyle exposures like physical 
inactivity, excess adiposity, prolonged sedentary behavior, and a wide range of non-
communicable diseases, including cardiometabolic disorders, neurodegeneration, and 
cancer. This inflammatory burden is quantified using biomarkers from different host 
response tiers. Researchers observed that cytokines such as IL-6 and TNF-α involved in 
active immune signalling, while hepatic acute- phase proteins such as CRP is abundant in 
systemic inflammatory output and are commonly used in clinical and epidemiological 
studies [9,10]. These measurements show how severe or persistent the inflammation is, 
helping researchers understand how lifestyle behaviours influence disease risk [7,11]. 
IL-6, TNF-α, and CRP are inflammatory biomarkers commonly used in lifestyle and 
epidemiological research because they help differentiate various aspects of the body’s 
inflammatory response[10]. IL-6 is a pleiotropic cytokine that has both pro- and anti- 
inflammatory actions. It also regulates key metabolic processes such as insulin sensitivity, 
lipolysis, hepatic acute-phase signalling, and energy expenditure [12]. TNF-α is a powerful 
upstream mediator of systemic inflammation that activates the Nuclear Factor kappa-light- 
chain-enhancer of activated B cells (NF-κB) and Mitogen-Activated Protein Kinase (MAPK) 
pathways. This causes the production of cytokines, insulin resistance, and several chronic 
inflammatory disorders [13,14]. CRP is an acute-phase hepatic protein produced by IL-6. It 
is an easily measured marker of mild systemic inflammation and is widely used as a 
predictor of cardiometabolic health [15–17]. IL-6 and TNF-α show cytokine-level activity, 
while CRP reflects overall inflammation, and together these biomarkers show how lifestyle 
factors such as physical inactivity, prolonged sitting, and higher body fat contribute to 
inflammation and increase the risk of non-communicable diseases [9,10]. 
Previous research had studied the relationship between physical inactivity and sedentary 
behaviour with increased inflammatory biomarkers. However, there are some contradicting 
findings. One study reported that higher sedentary time and lower physical activity were 
linked to increased levels of CRP, leptin, IL-6, and glycoprotein acetyls in children [18]. 
However, these associations were mostly explained by body fat percentage, and the study 
found no significant link between screen time and inflammatory biomarkers. Another study, 
however, reported that physical activity interventions led to a modest reduction in IL-6 levels 
among individuals with prediabetes. However, they did not significantly affect CRP or TNF-α 
levels [19]. Conversely, a newer study established that IL-6 and TNF-α levels were influenced 
not only by physical inactivity but also by dietary practices, adiposity classification, and 
lifestyle variables. They observed that elevated levels of IL-6 were associated with increased 
physical activity, suggesting that the body is responding to exercise rather than remaining 
sedentary [20]. Endurance training lowered levels of CRP, IL-6, and TNF-α; however, these 
changes were tightly linked to reductions in fat mass. This suggests that exercise-related 
reductions in inflammation were more consistent among individuals who are overweight and 
obese [6]. According to another study, there was a notable decrease in CRP levels following 
exercise, especially in women over 30 [21]. There was also research demonstrated that TNF-
α levels were up in sedentary individuals, whereas body fat levels were also increased in this 
population [22]. This corroborates the notion that inactivity is associated with inflammation. 
Despite growing evidence showing physical inactivity causes elevated inflammatory 
biomarkers, several gaps remain unanswered. Previous studies have shown considerable 
variability due to differences in participant characteristics, measurement methods, and 
whether inflammation was assessed independently of adiposity, which often acts as a 
confounding mediator. Most existing studies focus on exercise interventions, leaving the 
direct effects of physical inactivity and sedentary behaviour on IL-6, TNF-α, and CRP less 
well understood, particularly across different age groups and health conditions. In addition, 
most previous reviews examine these biomarkers individually rather than together, limiting 
our understanding of how they interact within the broader inflammatory pathway. 
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Conflicting results, such as the inconsistent effects of inactivity on CRP [6,19] or unexpected 
positive associations between sports participation and IL-6 [20], highlight methodological 
limitations and underscore the need for a comprehensive synthesis. Therefore, this review 
combines results from multiple studies and focuses specifically on the relationship 
between physical inactivity and IL-6, TNF- α, and CRP biomarkers. 
 

Methodology 
 
This literature review was developed to synthesise the findings from a collection of 36 
articles. The methodologies of the included studies were categorised into six main groups; 
Systematic reviews and meta-analysis, prospective cohort studies, experimental and quasi-
experimental trials, cross-sectional studies, secondary analysis and meta-regression, and 
narrative reviews. 

 

Systematic reviews and Meta-Analysis 
 
This review included several systematic reviews and meta-analysis. One study synthesised 
twenty-seven articles, including both randomised and non-controlled studies, that tested 
an exercise-only intervention without a diet program on physically inactive, overweight, or 
obese adults aged between eighteen to sixty five. The quality of studies were justified using 
the Physiotherapy Evidence Database (PEDro) scale and the researchers performed a 
qualitative synthesis [6]. 
Other reviews conducted full meta-analysis. One review on prediabetes selected nine high- 
quality Randomized Controlled Trials (RCTs), used the Cochrane Risk of Bias tool for quality 
assessment, and pooled data using a random-effects model to calculate a pooled Mean 
Difference (MD) to estimate the average effect while also using I^2 statistic to measure the 
heterogeneity [19]. A similar review on women with polycystic ovary syndrome (PCOS) 
included 10 randomized trials, used Cochrane criteria for quality assessment, and also 
applied a random-effects model to pool the Weighted Mean Difference (WMD), 
supplemented by I^2 tests for heterogeneity, performed subgroup analyses on the C-
reactive protein (CPR) results, and Egger's test for publication bias [21]. 
Further meta-analyses evaluated exercise in overweight children, with 27 RCTs [25], 
combined exercise in sedentary adults, with 24 RCTs [33, 50], and calorie restriction with 
exercise in overweight adults of 23 trials [52]. These studies calculated pooled effect sizes 
using the Standardized Mean Difference (SMD), assessed heterogeneity using the I^2 and Q 
statistics, and applied random-effects models [25, 33, 50, 52]. They also employed meta-
regressions and subgroup analyses to explore sources of heterogeneity [33, 50, 52]. 
 

Prospective Studies 
 
Two prospective studies were included. The first study used data from 4,607 participants in 
the United Kingdom National Child Development (UKNCD) study to assess sedentary 
behavior and incident depression. It used Cox proportional hazards regression models to 
determine risk and a counterfactual mediation analysis to assess the role of CRP [39]. The 
second study followed 3,143 Finnish adults from the Health 2000 and 2011 surveys. Its 
primary statistical method was multinomial logistic regression to test the association 
between baseline high- sensitivity C-reactive protein (hs-CRP) levels and subsequent weight 
change [40]. 
 

Experimental and interventional studies 
 
Two studies used experimental or quasi-experimental designs. One compared 22 sedentary 
older men against 17 masters athletes over a 12-week, three-phase training intervention. It 
used a 2x3 mixed-factorial analysis of variance (ANOVA) to check for group and time 
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interactions on interleukin-6 (IL-6) and hs-CRP, followed by t-tests and analysis of 
covariances (ANCOVAs) to control for body fat [42]. The other study used a semi-quasi 
experimental pre- and post-test design, randomizing 27 Coronavirus Disease 2019 (COVID-
19) survivors into a training or control group for 8 weeks. It analyzed changes in IL-6 using a 
mixed-model repeated-measures ANOVA [45]. 

 

Cross-sectional studies 
 
The majority of the included studies were cross-sectional studies. Several studies combined 
objective and self-reported data. One study investigated 390 Finnish children aged between 
six to eight years old measuring their activity time, heart rate, diet quality, and body fat 
percentage. Fasting blood samples were taken to measure the levels of inflammation 
biomarkers such as hs-CRP, leptin, and IL-6 and used linear regression to find correlation 
[18]. Another analysed 1,622 older adults using combined heart rate and movement sensors 
for five days. Fasting blood samples were collected to measure inflammatory markers such 
as CRP and IL-6, endothelial markers tissue plasminogen activator (t-PA) and E-selectin, and 
adipokines such as leptin and adiponectin. The study employed linear regression and 
structural equation modeling for mediation [26]. A study of 2,363 adults used activPAL 
accelerometers, analyzing associations with inflammatory z-scores using multivariable 
linear regression [37] and another studied on 72 males by using dual-energy x-ray 
absorptiometry and bioelectrical impedance (DXA/BIA) and applied Structural Equation 
Modeling (SEM) [49]. 
Several studies utilised the National Health and Nutrition Examination Survey (NHANES) 
dataset. These studies typically used weighted multivariable logistic or linear regression to 
account for the complex sampling design [24, 35, 36, 38, 43]. Mediation analysis was a 
common technique used to determine if inflammatory markers statistically explained 
relationships between activity and outcomes like sleep disturbance [43], metabolic 
dysfunction-associated steatotic liver disease (MASLD) [24], chronic kidney disease [36], or 
stroke [38]. Next, there were studies which focused on specific populations. Three of the 
studies focused on obese or diabetic patients. One study of 84 obese adults used multiplex 
magnetic bead assays for IL-6 and TNF-α and bioelectrical impedance analysis (BIA) for body 
fat, using non- parametric Mann-Whitney U and Spearman tests [20]. Two studies on 44 
postmenopausal women with type-2 diabetes mellitus (T2DM) used the Godin Leisure-Time 
Exercise Questionnaire (GLTEQ) and Enzyme-Linked Immunosorbent Assay (ELISA) for IL-6, 
analyzing data with ANCOVA and partial correlations [30, 41]. 
Other three studies analysed athletes or physically active participants against inactive 
participants. One study compared 44 runners and 21 controls, taking blood pre- and post- 
marathon for levels of IL-6 by ELISA and conducting in vitro experiments, analyzed using t- 
tests and ANOVA [23]. A small study of 12 older men used Wilcoxon Mann-Whitney U tests 
due to the small sample size [29]. Another study of 33 participants in three activity groups 
used flow cytometry and ex vivo cultures, analyzed with one-way ANOVA and mixed-effects 
models [48]. 
On the other hand, other studies focused on health conditions. One study included 101 
elderly people living with Human Immunodeficiency Virus (HIV) where the methodology 
involved a single baseline visit where the participants self-reported their physical activity and 
sitting time using International Physical Activity Questionnaire (IPAQ), their blood samples 
collected for inflammatory biomarkers such as IL-6, CRP and TNF-α, while data for blood 
pressure and body mass index (BMI) were extracted from clinical records [28]. The 
researchers used Spearman’s Rank Correlation Coefficient for correlations. A study of 108 
participants with Type 1 diabetes quantified TNF-α gene expression by using quantitative 
reverse transcription polymerase chain reaction (qRT-PCR), analyzed with Chi-square test 
and ANOVA [27].In addition, other studies analysed generally healthy or mixed populations. 
Two studies recruiting 244 healthy adults used BIA, questionnaires, and ELISA for detection 
of levels of IL-6, TNF-α, CRP, analyzed with Pearson correlation and multiple linear 
regression [22, 31]. Another study of 368 biobank participants used ANOVA/Kruskal-Wallis, 
Spearman's correlation, and multiple linear regression [32]. 
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Secondary analysis and Meta-Regression 
 
This review also included studies conducting secondary mediation analysis based on prior 
systematic reviews. These analyses selected RCTs from previous reviews, for example, 16 
RCTs with female breast cancer survivors. The statistical method involved running a three- 
level mixed-effects meta-analysis to find the overall effect SMD and then using random-
effect meta-regression models to test if changes in body composition mediated the changes 
in inflammatory markers [34, 51]. 
 

Narrative reviews 
 
Finally, two articles were narrative reviews. These papers summarized and synthesized 
existing literature on IL-6 signaling [46] and the general effect of exercise on cytokines [47]. 
As they did not conduct new experiments, they did not have a primary statistical analysis 
section but instead reported the findings from the literature they surveyed. 
 

Discussion 
 

Overview of the articles 
 
In this review we had found 36 articles from multiple sources that are related to the topic. 
Table 1 below explains about the participants, result, and the statistical methods used by 
the studies. Increase or decrease of biomarkers in Table 1 shows increase or decrease of 
biomarkers plasma concentration from their normal level. High level of inflammatory 
biomarkers may be a sign of inflammation. 
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No. Study by and study type Participants 
characterisitics or 
inclusion/ exclusion criteria 

Measured biomarkers as 
sedentary time 
increases or as 
exercising time increase 

(IL-6, TNF- α, CRP) 

Statistical methods used Comment 

1 Haapala et al., (2021). 
Observational cross-sectional 
study  
[18] 

390 children 
(192 girls, 198 

boys), aged 6–8 years. 

Sedentary time 
increase: 
- IL-6 
increases, (β = 0.105, 
95% CI = 
0.005 to 
0.205). 
- CRP 
increases, (β = 0.170, 
95% CI = 
0.070 to 
0.269) 

- Multiple linear 
regression analyses 
- Regression models 
adjusted for covariates 
(include body fats 
percentage) 
- Stratified 
(interaction) analyses by body 
fat 
percentage 

- TNF- α are measured but not 
reported  

2 Jadhav et al. (2020). 
Systematic review and meta-
analysis of RCT 
[19] 
 

1,906 
prediabetes patients (9 
trials), age 20–70 years 

Exercising time 
increase 
- IL-6 
decrease 
(MD = - 
0.15 pg/mL, 95% CI = - 
0.25 to - 
0.04) 
- TNF-α no significant 
(MD = 0.67 
pg/mL, 95% CI = –2.56 
to 3.89) 
- CRP no significant (MD 
= – 
0.05 mg/L, 
95% CI = – 
0.33 to 
0.23) 

- Software used: 
Review Manager (RevMan) 
5.3. 
- generic inverse 
variance method: 
MD, CI, and I² reported 

 

3 Polak- Szczybyło and 
Tabarkiewicz (2024). 
Observational cross-sectional 
study 
[20] 

84 obese adult volunteers, Aged 
18 to 73 years. 
Excluded: pregnant women; 
people with epilepsy; people 
with pacemakers, implants or 
prostheses; those taking drugs 

Exercising time 
increase 
- IL-6 
increase (p 
= 0.049) 

- Software used: 
Statistica 13.1 
- Spearman’s rank 
correlation coefficient 
Mann– Whitney U test 

 

Table 1:  Summary of Included Studies Examining the Effects of Sedentary Time and Physical Activity on Inflammatory Biomarkers (IL-6, TNF-𝛼, and CRP) 
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affecting the immune system 
(steroids, anti- inflammatory 
drugs, statins); people with 
cancer or chronic inflammatory 
diseases; incomplete 
questionnaire or food diary data. 

4 Gonzalo- Encabo et al. (2021). 
Systematic review 
[6] 
 

Overweight or obese adults, 
physically inactive, participated 
in an exercise training program 
(42 
studies). age 18- 
65 years. Excluded: populations 
with diagnosed cardio- 
metabolic, 
immunological, or 
musculoskeletal 
pathology 

Exercising time 
increase 
- IL-6: 
decrease 
- TNF-α: 
decrease 
- CRP: 
decrease 

-.  Only data extraction 
of pre- vs post- intervention 
(exercise) differences in 
cytokine concentrations 

- Total participants 
not specified 
- Did not report p- 
values, β coefficients 
, or confidence intervals 

5 Moori et al. (2023) 
Systematic Review and Meta-
Analysis of Randomized Trials 
[21] 

women diagnosed with 
Polycystic Ovary Syndrome 
(PCOS) in 
randomized trials of exercise vs 
control (10 trials). 

Exercising time 
increase 
- IL-6: no 
significant 
change 
- TNF-α: no significant 
change 
- CRP: 
decrease, (WMD = – 
0.43 mg/L, 
95% CI = – 
0.66 to – 
0.21, P ≤ 
0.01) 

. - Weighted Mean 
Difference (WMD) with 95% 
CI. 
I² statistic 

- Total participants 
not specified 
- Age of participants 
not specified 
- IL-6, and TNF-a, 
are not included in the 
meta anlysis due to 
insufficient 
studies 

6 Silva et al. (2024) 
Systematic review and meta-
analysis of RCT 
[50] 

physically inactive adults, age 
18-64 years. Excluded: severe 
chronic diseases (CVD, cancer, 
T1/T2 diabetes, liver/kidney 
disease), aquatic exercise, 
combined diet + exercise etc. 

Exercising time 
increase 
- IL-6: no 
significant, SMD: – 0.877 (95% 
CI –1.273 to 
–0.482) p = 
0.000 
- TNF-α: 
decrease, SMD: – 0.972, 95% 
CI [–1.361, 

- I² statistic. 
Meta- regression models by 
age, sex, and intervention 
length 

-  
IL-6 
appears significant 
decrease for some 
outcome; but abstract 
states no significant effect 
for IL-6. 
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–0.582], 
p < 0.001 
- CRP: 
decrease, SMD: – 0.507, 95% 
CI [–0.818, 
–0.196], 
p = 0.001 

7 Rodas et al. (2020) 
Observational cross- 
sectional study 
[22] 
 

244 healthy 
volunteers (112 
men, 132 women), aged 18-55 
years. Excluded: 
smokers; professional/ elite 
athletes; significant body-
weight fluctuations in previous 2 
months (±2 kg) 

Sedentary time 
increase 
- IL-6: 
increase 
(p < 0.001) 
- TNF-α: 
increase 
(p < 0.001) CRP: 
increase (p not specified 

- Multiple linear regression 
analysis 

 

8 Bettariga et al. (2025) 
Systematic review and meta-
analysis with secondary 
mediation analysis of RCT. 
[51] 
 

752 female survivors of breast 
cancer (16 RCT). Age > 18 
years. 

Exercising time 
increase 
- IL-6: 
decrease, p 
= 0.03. 
- TNF-α: no significant, p 
= 0.06. 
- CRP: 
decrease, exact p- value not 
reported. 

- Random- effects meta- 
regression models 

 

9 Liu et al. (2021) Systematic 
review and meta-analysis. 
[52] 
 
 

1,196 
overweight and obese adults. 

Exercising time 
increase 
- IL-6: no 
significant, SMD = – 0.04, 95% 
CI = –0.18 to 0.11, P = 0.62 
- TNF-α: no significant, 
SMD = – 0.14, 95% 
CI = –0.31 to 0.03, P = 0.11. 
- CRP: 
decrease, SMD = – 0.16, 95% 
CI = –0.29 
to –0.03, P 
= 0.02. 

- I² statistic. 
- Meta- regression 
using STATA version 12 
 

- Age not specified 

10  You et al. (2023) 
Population- based 

-244 healthy 
adults (118 men, 

Sedentary time 
increase 

- - multiple 
linear regression adjusted for 
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cross-sectional study with 
mediation 
analysis. 
[43] 

126 women), 
aged 20-55 years. 
Excluded: chronic 
Inflammatory disease, current 
smokers, pregnancy, CRP 
>10 mg/L (possible acute 
infection), recent major surgery 
(<6 months 

- IL-6: 
increase, MD +0.42 
pg/mL (95% 
CI 0.18– 0.66), 
p = 0.001 
- TNF-α: no significant, 
MD = 0.03 
pg/mL, 95% 
CI –0.01– 
0.07, p = 
0.091 
- CRP: 
increase, MD = 0.9 
mg/L, 95% 
CI 0.4–1.3, 
p = 0.0005 

age, sex, BMI, and total 
physical activity Pearson 
correlation for biomarker– 
sedentary time association. 
Software: SPSS v27. 

11 Werneck et al. (2023) 
Prospective cohort study with 
mediation analysis. 
[39] 

4,607 adults 
(50.4% women). 
age 40-55 years 

Sedentary time 
increase 
- CRP: 
increase, β = –0.03. 
95% CI = – 
0.04 to – 
0.01 

- Weighted multivariable logistic 
regression 

 

12 Zhou et al. (2025) 
Cross-sectional study using 
population survey data 
[24] 
 

3,729 
overweight and obese adults. 
Age>18 years 

Sedentary time 
increase 
- CRP: 
increase, β = 0.92, 
p < 0.05 

 - Weighted 
multivariable logistic 
regression 
- Weighted 
multivariable linear 
regression 

 

13 Santa-Paavola et al. (2022) 
Prospective cohort study. 
[40] 
 

3,143 adults. age 
30–75 years 

Sedentary time 
increase 
- CRP: no 
significant, OR = 0.99, 
95% CI = 
0.96–1.01 

- Multinomial logistic 
regression analyses 
- Linear regression 
analyses 

- Sedentary time is measured 
in relation to weight gain. 

14 Villar-Fincheira et al. (2021) 
Observational cross-sectional 
study 
[23] 
 

65 males. Age 
18-50 years Exclude: presence 
of morbidity affecting IL-6 levels 

Exercising time 
increase 
- IL-6: 
increase, post-marath on 
plasma IL-6 
elevated 

- Two-way ANOVA 
followed by post hoc Sidak 
test 
- t-test 
Pearson’s correlation 
analysis 

- 95% CI is 
not provided 
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compared to pre-race 
15 Haber et al. (2022) 

Observational cross-sectional 
study. 
[27] 

108 children and adolescents. 
Age 1–23 years. 

Exercising time 
increase 
- TNF-α: 
decrease, p = 0.011 

- Two-way ANOVA - Exercising time is in 
relation to level of 
physical 

activity 
 

16 Elhakeem et al. (2018) 
Prospective cohort study 
[26] 
 

1,622 
participants (795 
men and 827 
women) age 60 
to 64 years 

Exercising time 
increase 
- IL-6: 
decrease 
- CRP: 
decrease, 

- Linear regression models - 95% CI is 
not reported 

 

17 Jones et al. (2023) 
Observational cross-sectional 
study. 
[28] 

101 older adults living with HIV. 
mean age 
55.9 year 

Sedentary time 
increase 
- IL-6: 
increase 
- TNF-α: 
increase 

- Multivariable 
regression models 
- Mediation/ 
associative 
analysis 

- 95% CI is 
not reported 

 

18 Lee (2021) 
Systematic review and meta-
analysis. 
[25] 

27 randomized controlled trials 
in overweight and obese children 
and adolescents. 

Exercising time 
increase 
- IL-6: 
decrease, SMD = 
−0.42, 95% 
CI = −0.70 
to −0.14, p 
= 0.004 
- TNF-α: 
decrease, 
SMD = 
−0.31, 95% 
CI = −0.58 
to −0.05, p 
= 0.021 
- CRP: no 
significant, SMD = 
−0.09, 95% 
CI = −0.33 
to 0.15, p = 0.452 

- Heterogeneity 
estimated using the Q-
statistic 
Meta-analysis using SMD 

- Not specified total 
participants 
- p-values, β- 
coefficients 
, or 95% CI 
are not reported 

19 Islam et al. (2024) 
Observational cross-sectional 
study.   [48] 

33 participants, 
age 18–79 year, multiple 
younger and older participants 

Exercising time 
increase 
- IL-6: 

- One-way ANOVA 
followed by Tukey’s 
post-hoc testing 

Inflammatory biomarker 
response higher in older 
active participant vs 
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with different activeness increase, p 
< 0.01 
- TNF-α: no significant, p 
> 0.71 

 younger 
inactive participant 

20 Docherty et al. (2022) 
Narrative review. 
[47] 
 

Included: studies on exercise 
and cytokine responses in 
humans Narrative review 

Exercising time 
increase 
- IL-6: 
increase 
- TNF-α: no significant, 

- N/A 
(Narrative review, the paper 
does not perform its own 
statistical 
analyses) 

 

 

21 Nash et al. (2022) 
Narrative review 
[46] 
 

Narrative review Exercising time 
increase 
- IL-6: 
increase 

- N/A (a narrative review)   

22 Hayes et al. (2021) 
Experimental intervention 
study with cross-sectional 
comparison of 
lifelong exercisers.  
[42] 

22 previously sedentary older 
men (62 ± 2 
years) and 17 lifelong-exercisi 
ng masters athletes (60 ± 5 
years) 

Exercising time 
increase 
- IL-6: 
decrease, P = 0.030 
- CRP: not significant, P = 
0.781, 

- Two-way ANOVA 
followed by post-hoc Sidak 
test 
- Student’s t-test 
Pearson’s correlation 

 

23 Devasahayam et al. (2021) 
Observational study with 
acute exercise challenge 
(graded maximal test) in 
Multiple Sclerosis patients 
and controls.    
[44] 

14 people with progressive 
Multiple Sclerosis (MS) and 8 
controls 

During exercise 
- IL-6: 
increase, p 
= 0.003 

- Spearman’s rank 
correlation coefficient 
Related- samples Wilcoxon 
signed-rank tests 

 

24 FitzGerald et al. (2012) 
Observational cross-sectional 
study.  
[49] 

71 healthy 
males, age 18–65 years 

Exercising time 
increase 
- IL-6: 
decrease, 
β = –0.27, 
p = 0.008 

- Model fit indices: chi-
square, CFI, IFI, RMSEA 
- Structural equation 
modeling 
(SEM) 

 

25 Binabaji et al., (2024) 
Experimental intervention 
study 
[45] 
 

27 participants who had 
recently recovered from COVID-
19, age 
20–45 years 

Exercising time 
increase 
- IL-6: no 
significant. 

- Mixed model 
repeated- measures ANOVA 
- Shapiro–Wilk test 
Software: SPSS 

 

26 Jankord and 
Jemiolo (2004) Observational 

73 healthy older 
men with varying physical 

Exercising time 
Increase IL-6: 

- Structural equation 
modelling (SEM) 
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cross-sectional study. 
[29] 
 

activity levels, age 55-65 years decrease, β 
= −0.27, p = 0.008, 

- chi-square, 
CFI, IFI, RMSEA 

27 Heidari et al. (2025) 
Observational cross-sectional 
study.  
[41] 
 

44 women with 
type 2 diabetes, 
aged 50-75 years 

Exercising time 
increase 
- IL-6: no 
significant, p = 0.84 

- Correlation analyses 
- Adjusted Analysis of 
Covariance 
(ANCOVA) 

 

28 Peng and Liu (2024) 
Cross-sectional study 
[36] 

27,808 
participants aged 20-80 years 

N/A - Multivariable logistic 
regression 
Mediation model 

Biomarkers included only 
Systemic immune 
inflammation index (SII), 
neutrophil-to- lymphocyte 
ratio (NLR) and platelet-to- 
lymphocyte ratio (PLR) 
have been 
validated 

29 Sha et al. (2024) 
Cross-sectional study. 
[35] 

24,614 U.S. 
adults 

N/A - Weighted multiple 
logistic regression 
Smoothing curve analysis 

Biomarkers included only 
Monocyte to HDL-C Ratio 
(MHR), 
Systemic Inflammatory 
Response Index (SIRI) and 
natural log of Systemic 
Immune- Inflammation 
Index (InSII) 

30 Bai et al. (2024) Cross-
sectional observational study. 
[38] 

3,010 
participants, age 60 years and 
older 

Sedentary time 
increase 
- CRP: 
increase, OR = 2.602 
(95% CI = 
1.557 to 
4.348), p = 
0.003, 

- Weighted 
multivariable logistic 
regression 
Smoothed curve fitting and 
threshold effects analyses 

 

31 Vandercappelle n et al. (2022) 
Cross-sectional observational 
study.    
[37] 
 

2,363 
participants (51.5% male; 
28.3% type 2 
diabetes; 15.1% prediabetes). 
Age 40–75 years 

Exercising time 
increase 
- IL-6: 
decrease. 
β = –0.11, 
95% CI = 
–0.15 to 
–0.08, p < 
0.05 

-  Linear regression 
models 
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- CRP: 
decrease 
β = –0.07, 95% CI = – 
0.11 to – 
0.04, p < 
0.05 

32 Almuraikhy et al. (2023) 
Observational cross-sectional 
study 
[32] 

368 healthy participants, BMI ≥ 
20 kg/m² & < 30 kg/m², age 20-30 
years 

Exercising time 
increase 
- IL-6: 
increase 
p = 0.023 
- TNF-α: no significant 
p = 0.78, 

- Linear regression 
models 
Spearman correlation 
analysis 

 

33 Vázquez‐ Lorente et al. (2025) 
Randomised controlled 
intervention study. 
[33] 
 

100 untrained young healthy 
adults. BMI 
18.5–35 kg/m², 
age 18–25 years 

Exercising time 
increase 
- IL-6: no 
significant 
- TNF-α: no significant 
- CRP: 
increase, Δ 
= 20.1 %, F 
= 3.339, p = 
0.046 

- Repeated- measures 
ANOVA and ANCOVA 
Software: SPSS v28.0 

- Exercise time here are in 
relation to the intensity of the 
exercise  

34 Jacobs et al. (2025) 
Observational cross-sectional 
population study 
[31] 
 

1,196 Young adults, normal 
office BP (<140/90 
mmHg), age 20- 
30 years 

With central adiposity 
(Sedentary time increase): 
- IL-6: 
increase, β 
= 0.35, 95% 
CI = 0.27– 
0.43, p < 
0.001 
- CRP: 
increase, β 
= 0.42, 95% 
CI = 0.34– 0.50, p < 
0.001 

- ANCOVA 
Multiple regression 

The study are associated 
with central adiposity, not 
exercise/ sedentary time. 

35 Wang et al. (2023) 
cross-sectional observational 
population- based study 
[34] 

1,029 older 
adults, 59.48% 
women, age 60– 
88 years 

Sedentary time 
increase 
- IL-6: 
increase 
β = 0.05– 

- Multivariable linear 
regression models 
Mediation analysis 
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0.08, 95% CI = 0.02 to 0.07 
Exercising time 
increase 
- IL-6: 
decrease 
β = 0.05– 
0.08, 95% CI = 
–0.13 to – 
0.03 

36 Coughlin et al. (2024) 
Cross-sectional observational 
study 
[30] 

78 adults, age 
40-60 years. 

Sedentary time 
increase 
- IL-6: 
increase, β 
= 0.24, p < 0.05 
- TNF-α: 
increase, β 
= 0.22, p < 0.05 

- Multivariable linear regression  
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In this review, we have included multiple types of studies, including 20 cross‐sectional 
studies, 3 experimental intervention studies, 3 prospective cohort studies, 2 narrative 
reviews, and 7 systematic reviews and meta-analyses. The degree of evidence of the studies 
is based on the type of study. Meta-analysis and systematic review have a high level of 
evidence, narrative reviews have a low to moderate level of evidence, RCT or exercise 
interventions have a moderate level of evidence, prospective cohort studies have a 
moderate level of evidence, and cross-sectional studies have a low to moderate level of 
evidence. According to Table 1, we can see that most of the findings reported on exercising 
time rather than sedentary time. Some findings did not directly report exercising time or 
sedentary time, like Vázquez‐Lorente et al. (2025), they report the intensity of the exercise 
rather than exercising time, but we relate the intensity to the exercise time proportionally. 2 
studies, Peng and Liu (2024) and Sha et al. (2024), did not describe the required biomarkers, 
but describe other inflammatory biomarkers like immune inflammation index (SII), 
neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), and Monocyte to 
HDL‐C Ratio (MHR). Furthermore, Sha et al. (2024) also used composite biomarkers, namely 
Systemic Inflammatory Response Index (SIRI) and natural log of Systemic Immune 
Inflammation Index (InSII).   3 studies only include children or adolescents below 18 years, 18 
studies include adults ranging from 18 to 80 years old, and 5 studies include only older adults 
ranging from 60 to 88 years old. In addition, 5 studies include obese or overweight 
participants (BMI>25.0), 2 studies include athletes, 3 studies include diabetes patients, and 
these disease patients have 1 study each: polycystic ovary syndrome (PCOS), breast cancer, 
HIV, multiple sclerosis, and COVID-19. 11 studies report on sedentary time and 23 report on 
exercising time. 
 

Effects of exercising time or sedentary time against inflammatory 

biomarkers level (IL-6, TNF- α, and CRP) 
 

7 studies find that plasma IL-6 increases as sedentary time increases at resting state, 6 
studies find that IL-6 increases with exercise time, and 11 studies find that IL-6 decreases with 
exercise time. Commonly, participating in an exercise regimen usually results in lower 
resting IL-6 levels (Nash et al., 2022). As sedentary time decreases or exercise time 
increases, IL-6 should be lower at the resting state; however, IL-6 would rise during exercise 
since it is being released from working muscle fibers. This explains the findings by 
Almuraikhy et al. (2023), Nash et al. (2022), Docherty et al. (2022), Islam et al. (2024), Villar-
Fincheira et al. (2021), and Polak- Szczybyło and Tabarkiewicz (2024). Villar-Fincheira et al. 
(2021) clearly show in their study that post-marathon plasma IL-6 is higher than pre-
marathon. Their study also includes two groups of athletes, one group with a high amount of 
training and the other group with a lower amount of training. In an athletic person, the 
concentration of IL-6 may increase as much as 10 to 100-fold after a strenuous and 
prolonged exercise like a marathon race [53]. The pre- marathon plasma IL-6 for both groups 
is about the same; however, post-marathon plasma IL- 6 is much higher in the first group. This 
might be due to the stress on the muscles of the athletes, which had damaged the muscle 
fibers. The same damage might also occur to a person who is not accustomed to vigorous 
exercise. The damage causes the macrophages to release IL-6 as a myokine that will promote 
tissue repair. They use two-way ANOVA followed by post hoc Sidak test, student’s t-test, and 
Pearson’s correlation analysis to analyse their result. 
3 studies found that TNF-α at rest increases with sedentary time, and 4 studies found that 
TNF- α decreases when exercise time increases. No studies found that TNF-α decreases 
when sedentary time increases, nor did any studies find that TNF-α increases with exercise 
time. Most of the time, a decrease of TNF- α and also IL-6 in an active person is due to the 
reduction of low-grade systemic inflammation. 
7 studies found that CRP increases with sedentary time, and 8 studies found that CRP 
decreases when exercise time increases. No studies found that CRP decreases when 
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sedentary time increases, but 1 study found that CRP increases with exercise. Vázquez‐
Lorente et al. (2025) is the previously mentioned study. They experimented on 100 untrained 
young healthy adults to do vigorous exercise, and their level of CRP was measured. Since 
this experiment forces untrained people to do vigorous exercise, the stress causes damage 
to the muscle fiber that causes the release of IL-6, TNF-α, and other inflammatory markers 
to promote tissue repair and inflammation. IL-6 will also stimulate the liver to produce CRP 
into the bloodstream, causing an elevated level of plasma CRP. CRP usually acts as an 
acute-phase marker of systemic inflammation [54]. 
 

Effects of certain diseases on exercising time or sedentary time 

against inflammatory biomarkers level (Il-6, Tnf- Α, And Crp) 
 

Diabetes 
 
From the table we could see that 3 studies included diabetes patient. The studies are by 
Jadhav et al. (2020), Heidari et al. (2025), and Vandercappellen et al. (2022). Jadhav et al. 
(2020) reported that diabetes is associated with elevated inflammatory biomarkers due to 
chronic hyperglycemia and metabolic dysregulation, which promotes systemic low-grade 
inflammation. Their findings shows that IL-6 decreases as exercising time increases even in 
patients with diabetes. However, they found that TNF-a and CRP has no significant 
differences. Heidari et al. (2025) experimented on 44 women with type 2 diabetes and found 
out that as exercising time increase, IL-6 did not significantly decrease. This might be caused 
by the already high level of resting IL-6 even at sedentary, even when exercising regularly. In 
addition, Vandercappellen et al. (2022) reported that IL-6 and CRP decrease when exercise 
time for the normal participants. However, the study actually compares the level of low-grade 
inflammation and endothelial dysfunction between normal, prediabetes patients and 
diabetes patients in a vigorous exercise regimen.For all participants, regression analysis 
showed a β of –0.11 for low- grade inflammation and β of –0.11 for endothelial dysfunction, 
indicating that higher total physical activity is associated with lower level of low-grade 
inflammation and its biomarkers and it also shows that endothelial dysfunction decreased 
as exercising time increases. Furthermore, through their stratified analysis, we could see 
that endothelial dysfunction is higher in both prediabetes (β = –0.16) and type 2 diabetes (β 
= –0.14) groups. 
 

Breast cancer and polyscystic ovary syndrome (PCOS) 
 

Bettariga et al. (2025) had done a systematic review and meta-analysis on 16 articles and 
managed to obtain a total of 752 female survivors of breast cancer. They found that as total 
aerobic training time increases, IL-6 decreases, but TNF-α and CRP do not show a significant 
decrease. They stated that the cancer itself and the side effects of cancer treatments may 
elevate levels of inflammatory biomarkers, which explains the nonsignificant decrease in 
TNF-α and CRP. They also stated that the reduction of inflammation is very important in 
cancer patients, as inflammation may promote tumor progression. 
Moori et al. (2023) conducted a systematic review and meta-analysis of randomized clinical 
trials on 10 trials regarding exercise and inflammatory biomarkers in women diagnosed with 
Polycystic Ovary Syndrome (PCOS). They found that as exercise time increases, IL6 and 
TNF-α do not decrease significantly, and only CRP decreases significantly. They reported that 
the exercise group CRPWMD is –0.43 mg/L, meaning that the amount of CRP in the exercise 
group is 0.43mg/L lower than the non-exercise group (control). Unlike breast cancer, the 
PCOS tumor is malignant and does not spread like cancer, but it still increases inflammatory 
biomarkers in certain ways. Insulin resistance is common in PCOS, which may activate 
inflammatory signalling and cause oxidative stress. In addition, PCOS may cause 
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hyperandrogenism, which may stimulate immune cell infiltration and inflammatory 
signalling in ovarian and extra-ovarian tissues [55]. Thus, the reduction of IL6 and TNF-α may 
not decrease significantly due to those mechanisms. 
 

HIV and COVID-19 
 

Jones et al. (2023) conducted an observational cross-sectional study on 101 older adults 
living with HIV to measure the inflammatory biomarkers as sedentary time increases. They 
found out that as sedentary time increases, IL-6 and TNF-α increase. They reported that the 
average amount of IL‐6 is 2.94 pg/mL with a SD of 9.68, and TNF‐α is 3.72 pg/mL with a SD of 
3.60 in those people, which are slightly higher than the normal amount. However, the rise 
in inflammatory biomarkers here is probably due to HIV, which promotes chronic immune 
activation and systemic inflammation. This is due to the white blood cells or macrophages 
releasing more inflammatory biomarkers to counteract the viral infection. The treatment of 
HIV may also contribute to the rise of inflammatory biomarkers, they stated. 
Binabaji et al. (2024) had initiated an experimental intervention study on 27 participants who 
had recently recovered from COVID‐19 to measure the amount of IL-6 as exercising time 
increases. They found out that the decrease in IL-6 is not significant as the exercise time 
increases. They report that after 8 weeks of exercise, serum IL‐6 decreased by ~47% but the 
result is not significant. The reason for this might be the same as that of the previously 
mentioned HIV patients. The presence of the virus causes the inflammatory markers in the 
body to elevate. Even though the participants have already recovered from COVID-19, the 
elevated level of IL-6 may linger for more than one month [56]. The study also stated that 
participants were only 10 to 30 days after a positive COVID‐19 PCR test when they 
participated in the experiment. The amounts of inflammatory biomarkers at rest in these 
participants is already elevated, resulting in a higher amount of inflammatory biomarkers 
even after exercise. 
 

Progressive multiple sclerosis (MS) 
 

Devasahayam et al. (2021) had initiated an observational study with an acute exercise 
challenge in 14 multiple sclerosis patients and 8 control participants. The study found that 
IL-6 is higher at resting states for MS patients. The study also shows that patients with high 
aerobic fitness showed a strong positive association between fitness and the ratio of 
Brain‐Derived Neurotrophic Factor (BDNF) to IL-6, which indicates a shift from a more 
inflammatory phenotype towards a repair phenotype. The shift means that the body’s 
signaling is more oriented toward tissue repair, growth, and recovery instead of signaling for 
inflammatory markers. Thus, it is proven that regular exercise is important for MS patients to 
reduce inflammation and to shift their brain into signaling for repair molecules. 
 

Conclusion 
 

In conclusion, this review compiled many findings that physical inactivity and sedentary 
lifestyle lead to increase level of inflammatory biomarkers which lead to low-grade systemic 
inflammation. While acute exercise might momentarily increase IL-6 as part of normal 
metabolic and tissue-repair signalling, regular physical activity, especially structured 
exercise training, is generally helpful in decreasing resting inflammatory biomarker levels. 
The benefits of exercise are noticeable when body fat is reduced. This shows that the role of 
adiposity as mediator and amplifier of inflammation processes. However, populations with 
conditions such as diabetes, PCOS, cancer, and COVID-19, show inconsistent biomarkers 
responses. The overall findings strongly support that when physical activity increases and 
sedentary time decreases, systemic inflammation decreases, even though there are some 
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variations between study design and populations characteristics. For more accurate results, 
future research should focus more on standardise assessment techniques, and a clear 
distinction between acute and chronic responses. 
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