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Purpose: This study aims to explore the relationship between BMI and chronic inflammation and to investigate the interaction and 
mediation of physical activity (PA), cardiopulmonary function, and visfatin.
Methods: A total of 119 participants were included in the study, 60 in the obesity group, 30 in the normal weight group, and 29 in the 
overweight group. PA, VO2max, visfatin, high-sensitivity C-reactive protein (hs-CRP), and four blood lipid indices (TC, TG, HDLC, 
LDLC) were analyzed. Regression analysis was used to understand the effect of BMI on chronic inflammation. Covariate analysis was 
conducted to screen effective covariates affecting BMI to predict chronic inflammation and test the interaction and intermediary role of 
effective covariates.
Results: The increase in BMI could aggravate chronic inflammation. PA, VO2max, and visfatin had interactive effects on BMI 
affecting chronic inflammation, and visfatin played an intermediary role in BMI affecting chronic inflammation. The effect value of 
BMI on chronic inflammation in terms of low PA was 3.5 times higher than that of high PA, that of low VO2max was 2.8 times higher 
than that of high VO2max, and that of high visfatin was 3.65 times higher than that of low visfatin. Approximately 19.35% of the effect 
was mediated by visfatin.
Conclusion: An increase in BMI can aggravate chronic inflammation. Increases in PA and VO2max can alleviate chronic inflamma-
tion, and visfatin plays a positive mediating role.
Keywords: obesity, chronic inflammation, physical activity, VO2max, visfatin

Introduction
Obesity and related metabolic diseases, tumors, and other diseases have increased dramatically worldwide;1,2 these 
diseases will not only reduce the quality of life of individuals but also bring a huge burden to families and society. 
Obesity has become a research focus of scholars. A study found that the process of individuals from normal weight to 
obesity was accompanied by intensification of chronic inflammation.3 Chronic inflammation always occurs without 
clinical symptoms and induces many diseases.4 To identify the risk and prognosis of obesity-related diseases, scholars 
use indicators, such as TNF-α and hs-CRP, as well as the intermediate or end products of chronic inflammatory reaction.5 

Chronic inflammation was found to be positively correlated with obesity.6 It varies among people with similar BMI. In 
addition to BMI, many factors can affect chronic inflammation. Energy accumulation is closely related to BMI and 
chronic inflammation.7 Therefore, we can identify the risk factors of chronic inflammation from multiple perspectives 
and explore the regulatory role of energy accumulation (PA, cardiopulmonary function, fat factor, etc.) in the relationship 
between BMI and chronic inflammation.

Epidemiological studies show that decreased PA is associated with increased chronic inflammation.8–10 Conversely, 
increased PA can alleviate chronic inflammation.11,12 Cardiopulmonary function is negatively correlated with chronic 
inflammation.13,14 Improvement of cardiopulmonary function can alleviate the aggravation of chronic inflammation.12 

Although an increase in BMI can aggravate the accumulation of chronic inflammation,3 greater PA and cardiopulmonary 
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function can alleviate it. However, during the development of obesity from normal weight, with the increase of BMI, the 
regulatory effect of different PA and cardiopulmonary function on chronic inflammation remains unclear.

Studies on the regulation of chronic inflammation show that the degree of adipose tissue accumulation is significantly 
related to the amount of visfatin secreted by fat.15–17 In obese people, chronic inflammation is significantly positively 
correlated with the level of circulating visfatin.17 As such, visfatin can drive chronic inflammation.18,19 Although current 
epidemiology literature indicates that visfatin affects chronic inflammation15,19, the specific effects of different concen-
trations of visfatin have not been reported yet in the process of BMI increasing and developing into obesity. However, 
individual energy accumulation factors (PA, cardiopulmonary function, adipokine, etc.) vary greatly, and these variations 
may change the degree of chronic inflammation. Therefore, learning that these factors can regulate chronic inflammation 
in the process of increasing BMI has an important guiding role in the prevention of obesity and its related diseases.

This study aimed to clarify the regulatory effect of PA, cardiorespiratory function and visfatin on the process of 
increasing BMI and developing into obesity.

Material and Methods
Participants and Recruitment
From May 2020 to July 2020, adult participants for weight loss and fitness evaluation were recruited at Yangzhou Lipan 
Weight Loss Training Camp in Yangzhou City. The inclusion criteria were as follows: BMI of the normal weight group: 
18.5–23.9, super recombinant BMI: 24–27.9, and BMI of the obesity group: ≥ 28. The exclusion criteria included the 
following: inflammatory events, infectious diseases, long-term medication, hypertension, diabetes, professional sports 
training, and sports contraindications. In the training camp, health files were established for volunteers who participated 
in the training and mastered their health awareness, behavior, and PA before entering the camp. This study was ethically 
approved by Fujian Normal University Ethics Committee. The clinical trial registration number is ChiCTR2200058959. 
The participants signed an informed consent form.

This study used “multivariate regression analysis model with added covariates” in G-power 3.1.9.2 software to 
estimate sample size.20,21 R2 was used to measure the amount of effect.22 According to Cohen (1998), 23 R2 = 0.13 
indicates medium test efficiency. For the intermediary effect analysis as an example (R2=0.13), the calculated regression 
model effect size f2 is 0.15, the α error is 0.05, the power (1-βerror) is 0.9, and the total sample size is 108. The sample 
size estimates required by other statistical analysis methods are similar. In the present study, 140 volunteers were 
collected, and the data of each volunteer were checked according to the exclusion criteria. A total of 21 volunteers were 
excluded (7 individuals with long-term medication use, 4 with hypertension, 3 with diabetes, 3 with a history of 
professional training, and 4 with sports injuries). Finally, 119 volunteers were included, which satisfied the need of 
statistical analysis to achieve medium test efficiency.

Outcome Measures
PA was measured using International PA Questionnaire (short version). The PA questionnaire consists of three main 
components: basic information (including name, gender, age, height, and weight), health history (covering physical 
examination status, disease history, medication use, and sports injury history), and physical activity assessment. The 
physical activity section adopts the International Physical Activity Questionnaire (IPAQ-Short Form), which has been 
validated for reliability and validity in Chinese populations. The questionnaire functions to evaluate total physical 
activity levels by calculating exercise volume using metabolic equivalent tasks (MET), providing scores in MET min/ 
week. This calculation incorporates different intensity levels of activity, where total physical activity equals the sum of 
vigorous activity (8.0 MET), moderate activity (4.0 MET), and light activity (3.3 MET), each multiplied by its respective 
duration and frequency.

Height was measured using an instrument with an accuracy of 0.1 cm. Weight was measured on an empty stomach in 
the morning (unit: kg).

A VO2max test was conducted. The 20-meter round trip is a load method used to evaluate cardiopulmonary function.24 

Maximum oxygen consumption (VO2max) was evaluated by the level completed by the tester (unit: mL/kg/min).
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TC, TG, HDLC, LDLC, visfatin, and hs-CRP were measured. Blood was collected from the volunteers on an empty 
stomach from 7:00 to 8:00 in the morning the next day when they entered the camp to participate in training and fasted 
after 22:00 the day before. About 5 mL of blood was drawn from the elbow vein of negative-pressure blood collection 
vessel containing separating gel accelerator. Visfatin was measured in Wuhan Eliot Biotechnology Co., Ltd. TC, TG, 
HDLC, LDLC, and hs-CRP was measured in Nanjing Aidikang Medical Laboratory.

Statistical Analysis
Quantitative data were expressed by mean ± standard deviation. Qualitative data were evaluated by frequency (percen-
tage). The regression analysis results were presented by β (95% confidence interval). Data were processed and analyzed 
by statistical packages R (the R Foundation, version 3.1.2) and Empower (R). P < 0.05 indicates that the difference is 
statistically significant, and P < 0.01 means the difference is very statistically significant.

Chi square test was used for comparison of gender differences. The differences in these variables (age, height, weight, 
BMI, hs-CRP, TC, TG, HDLC, LDLC, Visfatin, PA, VO2max) between different groups were compared using one-way 
ANOVA if the data followed a normal distribution, and the Kruskal-Wallis rank sum test was employed if the data did 
not follow a normal distribution.

The pairwise correlation between these variables (hs-CRP, BMI, PA, VO2max, Visfatin) was analyzed using Pearson’s 
correlation coefficient.

The regulation of PA, VO2max, and visfatin in the impact of BMI on chronic inflammation was analyzed using the 
interaction effect approach. Chronic inflammation was set as the dependent variable, and BMI as the independent 
variable. The PA, VO2max, and visfatin variables were divided into three equal parts based on their data magnitudes (eg, 
dividing visfatin into three equal groups based on concentration levels: high, medium, and low concentration groups) to 
serve as effect modifiers in the interaction. Age and gender were included as adjusted variables.

It is generally believed that indicators serving as mediators are often endogenous substances within the body. In this 
study, visfatin was treated as a potential mediator, and a mediation analysis was conducted to examine its role in the 
effect of BMI on chronic inflammation.

Results
Study Population Characteristics
As shown in Table 1, among the 119 volunteers, 60 were in the obesity group, 29 were in the overweight group, and 30 
were in the normal weight group. The average age was 28.30 ± 6.80 years, and the average height was 169.27 ± 8.25 cm. 
No significant difference was found in age and height among groups. Body weight, BMI, TC, TG, LDLC, visfatin, PA, 
VO2max, and hs-CRP were significantly different among the three groups (P < 0.01).

Correlation Among Hs-CRP, BMI, PA, VO2max, Visfatin
Correlation coefficients among hs-CRP, BMI, PA, VO2max, and visfatin were calculated. hs-CRP and BMI had the largest 
correlation coefficient and had significant correlation with PA, VO2max, and visfatin (Table 2). Chronic inflammation is 
closely related to BMI, while PA, VO2max, and visfatin may affect the relationship between BMI and chronic inflammation.

Interaction Between PA and BMI on Chronic Inflammation
According to the effect of different physical activities on chronic inflammation of BMI (Table 3, Model 2), the effect of 
lower the PA subgroup (42.6–105.5) is 0.59, the effect of the medium PA subgroup (115.2–600.3) is 0.42, and the effect 
of the higher PA subgroup (602.4–2923.2) is 0.18. In the lower PA group, every increase in BMI can be accompanied by 
an increase of 0.59mg/L in hs-CRP; in the higher PA subgroup, every increase in BMI can be accompanied by an 
increase of 0.18mg/L in hs-CRP. This result shows that greater PA can reduce the effect of BMI on inflammation. Hence, 
PA and BMI have a significant interaction effect on chronic inflammation (P = 0.0231).

Diabetes, Metabolic Syndrome and Obesity 2024:17                                                                          https://doi.org/10.2147/DMSO.S473266                                                                                                                                                                                                                       

DovePress                                                                                                                       
4491

Dovepress                                                                                                                                                                Su et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Table 1 Characteristics of Participants with Different BMI

Normal weight 
N=30

Overweight 
N=29

Obesity 
N=60

Sum 
N=119

P

Gender Male 16 (53.33%) 13 (44.83%) 29 (48.33%) 58 (48.74%) 0.805
Female 14 (46.67%) 16 (55.17%) 31 (51.67%) 61 (51.26%)

Age (years) 28.10 ± 7.65 27.45 ± 7.47 28.82 ± 6.05 28.30 ± 6.80 0.665

Height (cm) 167.27 ± 7.60 168.74 ± 7.75 170.53 ± 8.68 169.27 ± 8.25 0.193
Weight (kg) 61.70 ± 6.17 74.52 ± 8.10 98.78 ± 18.32 83.52 ± 21.26 <0.001

BMI 22.04 ± 1.55 26.11 ± 1.22 33.68 ± 3.57 28.90 ± 5.73 <0.001
hs-CRP (mg/L) 1.59 ± 0.66 2.12 ± 0.98 6.49 ± 4.64 4.19 ± 4.07 <0.001

TC (mmol/L) 4.21 ± 0.57 4.55 ± 0.54 5.07 ± 0.86 4.73 ± 0.81 <0.001

TG (mmol/L) 1.14 ± 0.53 1.10 ± 0.52 1.59 ± 0.98 1.36 ± 0.82 0.006
HDLC (mmol/L) 1.34 ± 0.20 1.30 ± 0.21 1.26 ± 0.21 1.29 ± 0.21 0.197

LDLC (mmol/L) 2.40 ± 0.52 2.82 ± 0.48 3.15 ± 0.60 2.88 ± 0.63 <0.001

Visfatin (ng/mL) 4.71 ± 3.70 8.06 ± 4.40 13.38 ± 6.80 9.90 ± 6.70 <0.001
PA (MET min/week) 888.02 ± 719.43 711.5 ± 724.9 353.9 ± 605.6 575.75 ± 699.70 0.001

VO2max (mL/kg/min) 33.40 ± 6.95 29.35 ± 6.36 24.65 ± 2.07 28.00 ± 6.10 <0.001

Table 2 Correlation Coefficient Among Indicators

hs-CRP BMI PA VO2max Visfatin

hs-CRP 1 0.613★★ −0.351★★ −0.387★★ 0.489★★

BMI 0.613★★ 1 −0.328★★ −0.568★★ 0.534★★

PA 0.351★★ −0.328★★ 1 0.683★★ −0.433★★

VO2max −0.387★★ −0.568★★ 0.683★★ 1 −0.565★★

Visfatin 0.489★★ 0.534★★ −0.433★★ −0.565★★ 1

Notes: Significance level, ★P<0.05; ★★P<0.01.

Table 3 Hierarchical Regression and Interaction Test of Each Covariate (PA, VO2max, Visfatin)

N Model 1 
β (95%CI) 
hs-CRP

P Interaction 
P

Model 2 
β (95%CI) 
hs-CRP

P Interaction 
P

PA

42.6–105.5 40 0.63 (0.39, 0.87) <0.0001 0.0040 0.59 (0.31, 0.88) 0.0002 0.0231
115.2–600.3 39 0.36 (0.19, 0.53) 0.0002 0.42 (0.24, 0.60) <0.0001

602.4–2923.2 40 0.18 (0.10, 0.26) 0.0001 0.18 (0.09, 0.26) 0.0003

VO2max

21.3–24.0 40 0.70 (0.44, 0.96) <0.0001 0.0156 0.71 (0.45, 0.98) <0.0001 0.0113

24.1–27.8 39 0.32 (0.12, 0.52) 0.0034 0.32 (−0.04, 0.68) 0.0874

27.9–40.9 40 0.25 (0.16, 0.34) <0.0001 0.27 (0.18, 0.36) <0.0001
Visfatin

1.6–5.8 40 0.17 (0.10, 0.24) <0.0001 0.0097 0.17 (0.08, 0.25) 0.0005 0.0082

6.1–11.2 39 0.58 (0.35, 0.82) <0.0001 0.54 (0.28, 0.80) 0.0003
11.4–28.3 40 0.49 (0.22, 0.75) 0.0010 0.62 (0.32, 0.92) 0.0003

Note: hs-CRP is the dependent variable; BMI is the independent variable; Model 1: no adjustment variables are set; Model 2: age and gender are 
set as adjustment variables.
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Interaction Between Cardiopulmonary Function and BMI on Chronic Inflammation
From the perspective of the effect of VO2max and BMI on chronic inflammation (Table 3, Model 2), the effect level of the 
lower VO2max subgroup (21.3–24.0) is 0.71, that of the medium VO2max subgroup (24.1–27.8) is 0.32, and that of the 
higher VO2max subgroup (27.9–40.9) is 0.27. In the lower VO2max subgroup, every increase in BMI can be accompanied 
by an increase of 0.71 mg/L in hs-CRP; in the higher VO2max subgroup, every increase in BMI can be accompanied by an 
increase of 0.27 mg/L in hs-CRP. This result shows that a high VO2max level can reduce the effect of BMI on 
inflammation. VO2max and BMI have a significant interaction effect on chronic inflammation (P = 0.0113).

Effect of Visfatin and BMI on Chronic Inflammation
Interaction Between Visfatin and BMI on Chronic Inflammation
According to the effect of different concentrations of visfatin and BMI on chronic inflammation (Table 3, Model 2), the 
effect of low concentration (1.6–5.8) is 0.17, that of medium concentration (6.1–11.2) is 0.54, and that of high concentration 
(11.4–28.3) is 0.62. In the low concentration subgroup, each increase in BMI can be accompanied by an increase in hs-CRP 
of 0.17 mg/L; in the high concentration subgroup, each increase in BMI can be accompanied by an increase in hs-CRP of 
0.62 mg/L. This result shows that a high concentration of visfatin can cause BMI to have a greater effect on inflammation. 
A significant interaction effect was found between visfatin and BMI on chronic inflammation (P = 0.0082).

Mediation of Visfatin in the Influence of BMI on Chronic Inflammation
Table 4 shows that whether gender and age are adjusted or not has little effect on the mediating role of visfatin. Based on 
model 2 with gender and age adjustment, BMI can significantly affect hs-CRP, with the total effect value c of 0.4506 (P < 
0.05). The direct effect value c’ played by BMI is 0.3634 (P < 0.05), visfatin plays a significant mediating role, and the 
mediating effect value a * b is 0.0872 (P < 0.05). The effect of BMI on hs-CRP is 19.35% mediated by visfatin.

Discussion
Obesity is a Risk Factor for Chronic Inflammation
Obesity-related chronic inflammation increases the risk of cardiovascular diseases. hs-CRP can widely and diffusely 
reflect the scope and status of chronic inflammation and can be used as a biological marker to evaluate chronic 
inflammation.5,25–27 Different levels of obesity can lead to different chronic inflammatory states. This study shows 
that there is a significant difference in the concentration of hs-CRP in the serum of the normal weight group, the super 
recombinant, and the obese group (Table 1). This finding is consistent with results from large epidemiological studies 
such as the Framingham Heart Study, which also reported a clear gradient in hs-CRP levels across weight categories, 
with the highest levels observed in obese individuals.28 Our results further support the notion that hs-CRP is a reliable 
marker for obesity-related chronic inflammation and cardiovascular risk. Chronic inflammation is the main cause of 
obesity-induced diseases. Clarifying the relationship between chronic inflammation and many cardiovascular risk factors 
has a positive role in promoting obesity health.

Table 4 Mediation of Visfatin in the Influence of BMI on Hs-CRP

Visfatin c 
(Total effect)

a*b 
(Mediation effect)

c’ 
(Direct effect)

Proportion of 
Mediation effect

Model 1 0.4357★ 0.0861★ 0.3496★ 19.76%

Model 2 0.4506★ 0.0872★ 0.3634★ 19.35%

Note: Significance level, ★P<0.05; ★★P<0.01.Model 1: no adjustment variables are set, Model 2: age and gender are set as 
adjustment variables.
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Relationship Between Obesity and Chronic Inflammation is Influenced by PA, VO2max, 
and Visfatin
Obesity is the result of induction of multiple risk factors that have certain correlations. The decrease in body energy 
consumption associated with the decline of PA can induce obesity and lead to the decline of heart and lung functions. Fat 
tissue accumulation associated with obesity may induce inflammation through visfatin. This study shows that chronic 
inflammation, obesity degree, PA, cardiorespiratory function, and visfatin are all correlated, and the correlation coeffi-
cient between chronic inflammation and BMI is the largest. Hence, chronic inflammation has a greater correlation with 
BMI, while PA, VO2max, and visfatin may affect the correlation between BMI and chronic inflammation. Since chronic 
inflammation plays a major role in obesity-induced cardiovascular diseases and visfatin, PA, and cardiorespiratory 
function are closely related to obesity, clarifying the regulatory roles of PA, cardiorespiratory function, and visfatin is 
of great significance for the health education of obese people. The effect of PA on serum visfatin levels is controversial. 
Some studies indicate that regular PA can lower serum visfatin levels, which may be related to a reduction in adipose 
tissue inflammation and an improvement in metabolic health.29 However, other research suggests that short-term high- 
intensity exercise may cause a temporary increase in serum visfatin levels, likely due to exercise-induced inflammatory 
responses and adipose tissue stress.30 Therefore, the specific impact of PA on visfatin may depend on the type, intensity, 
and duration of the exercise. The impact of PA on visfatin appears to be contingent upon the type, intensity, and duration 
of the exercise.

Interaction Between PA and BMI on Chronic Inflammation
In this study, three groups were divided according to the size of PA. A significant interaction was found between PA and 
BMI on chronic inflammation. The decrease in PA increases the accumulation of chronic inflammation caused by BMI.

The ACSM Exercise Testing and Exercise Prescription Guide defines sedentary and sedentary behavior as not 
participating in moderate PA at least 3 days a week and no less than 30 minutes a day for more than 3 months. 
Sedentary behavior refers to the behavior of sitting or lying in a conscious state, which consumes no more than 1.5 MET 
of energy.31,32 In our study, the PA level of the low PA subgroup is 42.6–105.5 MET min/week, which belongs to the 
category of sedentary and low activity. At this level of PA, the increase in BMI has a higher proinflammatory effect, 
which may be an important reason for the induction of many diseases. Sedentary inactivity of more than 7 hours a day is 
associated with increased mortality.33 The PA of people engaged in leisure sports was reduced to less than 5000 steps/ 
day. On the fifth day, the blood flow regulating vascular diastolic function was significantly reduced.34,35 These results 
show that low PA does great harm to health. This study extends this phenomenon from the perspective of the relationship 
between low PA and chronic inflammation. Low PA can harm health by affecting chronic inflammation. In addition, this 
study not only clarified the level of effect of BMI of different PA groups on chronic inflammation but also identified that 
the effect of increasing BMI of low PA groups on chronic inflammation is 3.5 times that of high PA groups (Table 3, 
Figure 1). Hence, low PA has a greater proinflammatory effect on the process of increasing BMI, while high PA can 
alleviate chronic inflammation.

From the perspective of health acquisition, increased PA can improve the oxidative energy supply capacity of the 
body, reduce oxidative stress, and improve lipid metabolism and cardiopulmonary function. These health benefits are 
closely related to reducing the accumulation of chronic inflammation. The improvement of lipid metabolism disorder can 
reduce the ability of LDLC to cause immune cells to migrate to vascular endothelial cells, thereby alleviating the 
proinflammatory reaction.36 Improvement of oxidative stress can lead to the improvement of oxidative stress signal 
pathways, and many of which are also signal pathways of inflammatory reaction. The results found that increasing PA 
cannot only improve lipid metabolism and cardiopulmonary function but also play a good anti-inflammatory role. For 
obese people, if the weight loss effect is not ideal within a certain period, then increasing the PA can still reduce the 
negative impact of chronic inflammation on health, thereby reducing the risk of related diseases.
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Interaction Between Cardiopulmonary Function and BMI on Chronic Inflammation
In this study, a significant interaction was found between cardiopulmonary function and BMI on chronic inflammation, 
and the interaction effect was not affected by age and gender (Table 3). Cardiopulmonary function is an important 
manifestation of physical function improvement and the basis of resistance to many diseases. According to the report of 

Figure 1 Schematic diagram of interaction/mediation of physical activity, VO2max, and visfatin. (a) Linear regression plots stratified by PA level with hs-CRP as the dependent 
variable and BMI as the independent variable. (b) Linear regression plots stratified by VO2max with hs-CRP as the dependent variable and BMI as the independent variable. 
(c) Linear regression plots stratified by visfatin with hs-CRP as the dependent variable and BMI as the independent variable.
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New England Medical Journal, cardiopulmonary function has a stronger predictive effect on mortality, and every 
reduction in the level of cardiopulmonary function by 1 MET increases the risk of death by 12%.37 Cardiopulmonary 
function is of great significance to health, and chronic inflammation is an important channel for cardiopulmonary 
function to affect health. The results showed that hs-CRP, a marker of chronic inflammation, was negatively correlated 
with VO2max. A study on adults aged 20–34 years found that the level of cardiopulmonary function was significantly 
negatively correlated with chronic inflammation markers, namely, CRP and IL-6; the results also showed that VO2max 

was negatively correlated with chronic inflammation in the elderly.13,14 In addition, people with a high baseline level of 
CRP, an inflammatory marker, may reduce the improvement of cardiopulmonary function brought by exercise training38. 

These results show that the decline of heart and lung function can promote the aggravation of chronic inflammation, 
consistent with the present work.

Low cardiopulmonary function leads to the reduction of blood supply and oxygen supply of the heart, promote the 
hypoxia of tissues, damage the mitochondrial function, increase the oxidative stress, and activate pro-inflammatory 
pathways leading to chronic inflammation.39 Low external cardiopulmonary function can affect chronic inflammation by 
changing the methylation of apoptosis-related spot-like protein (ASC).40 These results link cardiopulmonary function 
with chronic inflammation from a mechanistic point of view. The present study investigated the regulatory effect of 
cardiopulmonary function on the relationship between BMI and chronic inflammation. Weak cardiopulmonary function 
can aggravate the accumulation of chronic inflammation, while good cardiopulmonary function can alleviate it.

Furthermore, muscle mass plays a crucial role in the context of chronic inflammation. Studies have shown that muscle 
tissue itself can produce anti-inflammatory factors, such as IL-10 and IL-1RA, which help inhibit inflammatory 
responses.41 Therefore, even in cases of high BMI, individuals with greater muscle mass may experience mitigated 
levels of chronic inflammation, suggesting that BMI alone may not suffice for a comprehensive risk assessment.

Moreover, the relationship between physical activity and muscle mass is interconnected. High levels of physical 
activity are typically associated with increased muscle mass, which not only enhances basal metabolic rate but also 
improves cardiopulmonary function by promoting better oxygen and nutrient transport.42 This enhancement can further 
reduce oxidative stress and activate inflammatory pathways, thereby lowering the risk of chronic inflammation. Thus, the 
benefits of physical activity extend beyond fat reduction; they also include muscle mass improvement, which indirectly 
influences chronic inflammation.

As noted earlier, good cardiopulmonary function can alleviate chronic inflammation. It is plausible that the increase in 
muscle mass from high physical activity also modulates chronic inflammation by further improving cardiopulmonary 
function. Therefore, individuals with high BMI but high physical activity levels may not face as severe chronic 
inflammation risks, possibly due to the protective effects tied to their muscle mass.

Based on these considerations, a comprehensive assessment strategy for chronic inflammation should account for 
body composition, rather than relying solely on BMI. For instance, individuals with high BMI but a high level of 
physical activity may require a different risk evaluation for chronic inflammation which incorporates muscle mass and 
additional biomarkers such as adiponectin and leptin. Future research should delve into how increasing muscle mass can 
optimize the benefits of physical activity on chronic inflammation, potentially leading to novel strategies for preventing 
and treating chronic inflammation.

Effect of Visfatin on Chronic Inflammation in Patients with BMI
Interaction Between Visfatin and BMI on Chronic Inflammation
As an important factor of fat secretion, visfatin is closely related to chronic inflammation. The results show that visfatin 
is significantly and positively correlated to hs-CRP, a marker of chronic inflammation (Table 3). Derosa G et al43 showed 
that visfatin is associated with obesity-related chronic inflammation. A meta-analysis of Lee YH44 reported the positive 
correlation between visfatin and chronic inflammatory marker CRP in rheumatoid individuals. However, the regulatory 
effect of different concentrations of visfatin on chronic inflammation in the process of increasing BMI has not been 
reported yet. This study not only found a significant positive correlation between BMI and visfatin but also quantified the 
interaction effect of visfatin on obesity-induced chronic inflammation. In the high-concentration visfatin group, the effect 
of visfatin regulating BMI on hs-CRP was affected by age and sex to some extent. In general, a high concentration of 
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visfatin can aggravate the effect of chronic inflammation induced by BMI, thereby limiting the production of visfatin and 
reducing the aggravation of obesity-related chronic inflammation. In terms of visfatin source, animal experiments show 
that visceral fat secretes visfatin more specifically than subcutaneous fat.45 Studies show that visfatin is positively 
correlated with visceral fat.46 In the present study, visfatin is highly correlated with visceral fat (Table 3), suggesting that 
the proinflammatory effect of visceral fat may be related to the proinflammatory effect of visfatin in addition to the 
proinflammatory factor secreted by the fat itself.35 Given the complexity of the human internal environment and the 
multiplicity of the functions of visfatin, whether the proinflammatory effect of visfatin directly mediates chronic 
inflammation in the human body remains unknown.

Mediating Role of Visfatin in the Influence of BMI on Chronic Inflammation
In this study, visfatin played a significant positive mediating role in chronic inflammation caused by increased BMI, and 
the mediating role of visfatin is not affected by age and sex (Table 4). In 1994, visfatin was initially considered to be an 
immune-regulating cytokine.47 In 2005, it was found to be highly specifically expressed in adipose tissues.48 Visfatin is 
related to the activation of many inflammatory pathways, such as NF-κB. Mitogen-activated protein kinase (MAPK), 
phosphatidylinositol 3 kinase (PI3).19 Extensive research suggests that visfatin can also be regulated through the JAK2/ 
STAT3 signaling pathway, which plays a crucial role in mediating inflammatory responses. Activation of the JAK2/ 
STAT3 pathway by visfatin has been shown to enhance the expression of various pro-inflammatory cytokines, further 
exacerbating chronic inflammation. This signaling pathway promotes the transcription of inflammatory genes in response 
to visfatin signaling, contributing to the inflammatory processes associated with obesity and metabolic syndrome.49 

Visfatin can regulate a variety of inflammatory genes in peripheral blood monocytes and stimulate the release of 
inflammatory mediators. In addition, visfatin can upregulate extracellular matrix proteins in preadipocytes, such as 
osteopontin, collagen VI, MMP-2, and MMP-9 and increase adipose tissue fibrosis,19 which is an important way to cause 
inflammation.50 Studies at the cytological level show that visfatin can promote inflammation and is related to chronic 
inflammation. Katsogiannos P et al found that the levels of visfatin and inflammatory markers in the obese group were 
significantly higher than those in the normal-weight group.51 Owczarek AJ reported that the variations in visfatin level in 
obese people could be related to obesity-related inflammatory markers hs-CRP and IL-6.17 Karbaschian Z et al found that 
the level of lipoproteins in peripheral blood was significantly correlated with the concentration of hs-CRP.52 These 
studies show that visfatin in the population is related to chronic inflammation but not directly related to the relationship 
between visfatin and chronic inflammation in the process of BMI increase. Visfatin plays an intermediary role of 
approximately 19.35% in chronic inflammation caused by BMI increase (Table 4). The results suggest that visfatin may 
become a candidate target for obese people to improve chronic inflammation; it can be reduced through exercise, diet, or 
drugs to resist related diseases induced by chronic inflammation.

This study highlights the clinical value of addressing the relationship between BMI and chronic inflammation. 
Improving physical activity and cardiorespiratory fitness, while targeting metabolic regulators like visfatin, can effec-
tively reduce chronic inflammation exacerbated by higher BMI. Early intervention in overweight and obese patients, 
focusing on these modifiable factors, is crucial for preventing inflammatory diseases.

Conclusion
Variations in PA, cardiorespiratory function, and visfatin can regulate the influence of BMI on chronic inflammation. 
Increased PA and oxygen uptake and decreased visfatin can alleviate chronic inflammation caused by increased BMI. 
When the degree of obesity is difficult to improve, obesity-related chronic inflammation can be alleviated by increasing 
PA, improving heart and lung function, and reducing visfatin to reduce disease risk and increase health benefits.

Abbreviations
PA, physical activity; hs-CRP, high-sensitivity C-reactive protein; MET, metabolic equivalent tasks; ASC, apoptosis- 
related spot-like protein; MAPK, Mitogen-activated protein kinase; PI3K, Mitogen-activated protein kinase.
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