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Objective: Obese or overweight is a risk factor for some chronic diseases, and oxidative stress and inflammation may be one of the molecular mechanisms leading to the persistence of these chronic diseases. Discovering interventions to alleviate oxidative stress and inflammation in the overweight/obese population, is very important for public health and health education.

Methods: A two-week panel intervention study (Run 0-Run 1-Run 2) was conducted. The subjects were 77 overweight/obese undergraduates attending Dali University, with a BMI>24 kg/m2. The physical indices measured at the end of each run included BMI, waist circumference, serum ROS, TNF-α, IL-1β and urinary 8-OHdG. Students were allocated to one of four intervention groups: No intervention (control); walking; taking vitamin C; and walking + taking vitamin C.

Results: The results demonstrated (1) Walking significantly alleviated ROS levels, and this was consistent in Run 1 and Run 2; (2) During Run1, all three intervention modes reduced levels of 8-OHdG, but there was a statistically insignificant increase during Run 2; (3) No alleviating effects of the three intervention modes on TNF-α levels during Run 1 and Run 2 were observed; (4) The alleviating effects of the three intervention modes on IL-1β levels during Run 1 and Run 2 were clear.

Conclusion: Walking and taking vitamin C can reduce levels of ROS, 8-OHdG and IL-1β, but not TNF-α, in overweight/obese participants. These interventions may become potential preventive measures for the overweight against obese-induced oxidative stress and inflammation.
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Introduction

In 1984, the world-famous economist and professor at Harvard University, John Kenneth Galbraith, pointed out that increasingly Americans were dying not from a lack of food, but rather from excess food (energy intake) (1). This view is now widely recognized by American biomedical scholars (2). In addition, the World Health Organization has identified obesity to be one of the top 10 chronic diseases, being the second most common cause of death, only to smoking in today's society. According to the findings of current scientific research, excess energy intake can not only cause overweight/obesity, but can also cause oxidative stress/oxidative inflammation (3). The combined effect of obesity and oxidative inflammation may be an important factor in the persistence of many chronic diseases.

After more than 40 years of reform and open, and rapid economic development, China is now facing the same challenge where excess energy intake has become an important risk factor for national health. According to results from the latest survey conducted by China's National Health Commission on December 23, 2019, the percentage of overweight adults (BMI ≥ 24) in China is 50.7%, or nearly 500 million adults; the percentage of obese adults (BMI ≥ 28) is more than 16.4%, ~150 million adults. In fact, China has become a veritable “fat country.”

Relevant studies have shown that: compared with normal-weight people, the serum vitamin C concentration in overweight and obese people is significantly lower, and BMI is negatively correlated with vitamin C concentration (4, 5). Some scholars believe that the emergence of this phenomenon may be related to the increased production of ROS in overweight and obese people (6), depleting the storage of antioxidants including vitamin C. Vitamin C plays an important role in scavenging free radicals and inhibiting lipid peroxidation. The mechanism underlying the antioxidant, anti-inflammatory properties of vitamin C has been attributed to its ability to modulate nuclear factor kappa-B (NF-κB) transcriptional activation gene in DNA binding site activity (7). The activation of NFκB proinflammatory gene in DNA can be promoted by oxidative stress. At the same time, it leads to the expression of vascular endothelial cytokine-induced cell adhesion molecule (CAM) molecule, and the production of hepatic TNF-α and IL-6-induced C-reactive protein (CRP) (8).

Since the beginning of the 21st century, due to the rapid development of biomedicine, especially the widespread use of antibiotics, infectious diseases have been significantly reduced. Therefore, the probability of generating ROS through the “pathogenic microbes phagocytic pathway” has been significantly reduced, and the number of generated ROS has been greatly decreased. Moreover, the environmental pollutants entering the body are gradually decreasing, with the gradual improvement of China's environmental quality. It can be expected that ROS generated by the “endoplasmic reticulum cytochrome P450 reactions” in the Chinese is also gradually decreasing. Therefore, a hypothesis (3) is proposed: ROS in the body comes from excess energy intake, and in a relatively good and pollution-free environment, if the body is not attacked by pathogenic microorganisms. In other words, oxidative damage/oxidative inflammation is a downstream parallel pathological event of excess energy intake. Exercise can increase the body's energy expenditure. Antioxidants can act as blockers to interfere with the overproduction of ROS in the body.

With this background, our panel intervention study aims to explore whether exercise and the use of appropriate antioxidants can alleviate the level of oxidative stress/inflammation in the overweight/obese population in a short period, so as to provide relevant scientific data for effective health intervention and health education in the overweight/obese population in the future.



Materials and methods


Participants

This project used the principle of cluster sampling to recruit research participants at Dali University, Yunnan Province. The selection conditions of recruitment were: (1) freshmen and sophomores of the university; (2) they were overweight students with a BMI ≥ 24, which included obese students (BMI ≥ 28); (3) non-smokers; (4) agreed to complete an informed consent form. Exclusion criteria for participants included: (1) minors under the age of 18 (because they cannot sign the informed consent form by themselves); (2) overweight or obese students suffering from other diseases, especially those with infectious diseases (to avoid oxidative stress/oxidative inflammation caused by pathogenic microorganism infection confusing the results).

The number of study participants was determined by combining the overweight and obesity rates among freshmen and sophomores of the university. The number of investigators was finally determined to be no < 15 people in each group who finally completed the intervention. In the end, a total of 103 students were recruited. The research participants were randomly sampled and entered into the no intervention group, healthy exercise intervention group, antioxidant intervention group, and healthy exercise and antioxidant combined intervention group in sequence. Of the original pool of 103 students, 21 were eliminated according to the recruitment conditions, so 82 participants actually entered the study, 5 withdrew halfway, leaving 77 to complete the study.



Methods
 
Panel study design

The panel study lasted 15 days from November 13 to November 28, 2021. The detailed research protocol is shown in Figure 1.
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FIGURE 1
 The research protocol for this panel study.




Intervention groups

There were four treatment groups: (1) no intervention group (control group): these participants had no intervention measures, and maintained their lifestyle, diet and exercise habits as before the start of this study; (2) healthy exercise intervention group (walking group): in addition to maintaining the same lifestyle and eating habits as before the study, these participants walked 6,000 steps (9) every afternoon in the playground of Dali University (steps were recorded by a 5S-Model Lexin Intelligent Exercise Bracelet from Guangdong Lexin Medical Electronics Co., Ltd.); (3) antioxidant intervention group (vitamin C group): participants in this group took 300 mg of vitamin C (9) every day (100 mg after breakfast, lunch and dinner) in addition to maintaining the same lifestyle, diet and exercise habits as before the study; (4) healthy exercise and antioxidant combined intervention group (walking + vitamin C group): in addition to maintaining the same lifestyle and eating habits as before this study, the participants in this group also walked 6,000 steps every afternoon alongside the walking group using the same step counting method, and took 300 mg of vitamin C every day (100 mg of vitamin C after each meal).



Indicators and measurement

We examined the following three groups of indicators: (1) overweight or obesity, namely body mass index (BMI) and waist circumference; (2) biomarkers of oxidative stress, including serum ROS and urine 8-OHdG levels; (3) biomarkers of inflammation, including serum TNF-α and serum IL-1β levels. The levels of oxidative stress and inflammation were measured using human Enzyme-Linked Immunosorbent Assay (ELISA) kits from Jiangsu Jingmei Biotechnology Co., Ltd of China. The biomarker tests started at 8:00 am on Day 1, Day 8, and Day 15.



Grouping and quality control

The participants were randomly assigned to one of the above four groups by computer lottery. The on-site staff engaged in this study were specially trained in advance at the School of Public Health of Dali University, to unify the diagnostic criteria and survey introduction, to ensure the quality of epidemiological investigation data. The obtained questionnaires were coded by a specially assigned person, and computer input and backup was done after verification. The laboratory testing method was carried out according to detailed operation instructions, quality control was implemented in the testing process, and the research information and data were backed up by dual computers.



Informed consent

The project strictly adhered to the Helsinki Convention of ethical principles for medical research involving human participants issued by the World Medical Association. After recruitment of research participants, they were given a unified and informed explanation of the study, introducing the research background and scientific significance, research process and methods, possible benefits to the research participants, possible risks (zero risk), privacy issues, costs and compensation, the right to withdraw freely, etc. The research participants then were asked to sign the informed consent form.



Informed consent statement

Informed consent was obtained from all participants involved in the study.



Ethical standards disclosure

This study was conducted according to the guidelines laid down in the Declaration of Helsinki and all procedures involving research study participants were approved by the Medical Ethics Committee of Dali University (protocol code: MECDU-202103-7 and date of approval: 2021/3/15). Written and verbal informed consent was obtained from all participants and legal guardians.




Statistical analysis

Statistical analysis included three different analyses: (1) basic statistical analysis (Office-Excel 2016) of baseline indicators, including the overall and gender mean, standard deviation and sample size; (2) an ANOVA analysis (GraphPad Prism 7.0 software) of oxidative stress and inflammatory biomarkers, that included a repeated measures one-way ANOVA, (RM-ANOVA) for repeated measurements taken during the intervention process, and an ordinary one-way ANOVA, (O-ANOVA) for data from the different intervention groups. The multiple comparison test used for the analysis of variance was Dunnett's test; (3) mixed effects model analysis (lme4 package of R software v4.0.4), the data from the no intervention group were excluded from this analysis; the logarithm of the biomarker results of the walking group, the vitamin C group and the combined intervention group was taken as a fixed factor; age, gender, BMI, and waist circumference were used as covariants of the fixed factor; student ID was used as a random factor. These statistical analyses were all carried out by a two-sided test, and a level of significance α = 0.05, was set for all statistical tests.

Due to the influence of changes in laboratory environmental conditions, there were systematic differences between the ELISA measurement results for oxidative stress and inflammation biomarkers for the three repeated measurements (in research course: Run0, Run1, and Run2), so the average values from the no intervention group were used as the denominator for normalization (results expressed in %), to observe the endpoint effects of the oxidative stress and inflammation biomarkers.




Results


Baseline data

The research participants of this study were all overweight undergraduate students, with a BMI ≥ 24 kg/m2; a total of 77 students took part in, in whom 45 were overweight but not obese (24 < BMI < 28), and 32 were obese (BMI>28). The students were randomly assigned to one of the four intervention groups: 17 students in the no intervention group, 16 in the walking group, 24 in the vitamin C group, and 20 in the combined intervention group. The participants of this study are freshmen and sophomores of the School of Basic Medicine of Dali University, whose study arrangements and living routines are similar. Due to the school being closed during the intervention period, the research participants ate three meals a day in the school cafeteria (the participants were asked not to order takeout during the intervention period). The groups therefore had a degree of consistency in eating and sleeping, allowing for a balance between groups.



Oxidative stress and inflammatory biomarkers

Our panel intervention design called for analyses of variance for two factors: among the different intervention courses (Run 0-Run 1-Run 2), we used the repeated measures one-way ANOVA (RM-ANOVA); among the different intervention groups, we used the ordinary one-way ANOVA (O-ANOVA). The results are shown in Table 2.

As we can see from Table 1 and Figure 2: the RM-ANOVA results show that the serum ROS (an oxidative stress biomarker) levels when compared with the levels of the baseline survey (Run 0), all decreased during Run 1 and Run 2, except for the no intervention group, but this decrease was not significant. The results of the O-ANOVA analysis showed that, compared with the no intervention group, the decrease in serum ROS levels in the walking group was very significant in the 1st and 2nd weeks (p < 0.01); and compared with the no intervention group, the decrease in serum ROS levels of the combined intervention group (walking + vitamin C) was significant in the 2nd week (p < 0.05). These results show that walking can reduce the level of serum ROS over a short period.


TABLE 1 Statistical data of baseline measurement.
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FIGURE 2
 Results of RM-ANOVA. [(A–D) are for ROS in Run0, Run1 and Run2 groups, (E–H) are for 8-OHdG in Run0, Run1 and Run2 groups, (I–L) are for TNF-α in Run0, Run1 and Run2 groups, and (M–P) are for IL-1β in Run0, Run1 and Run2 groups. Comparison for research courses with RM-ANOVA, *: the difference is significant (p < 0.05); **: the difference is very significant (p < 0.01)].


We measured the levels of urinary 8-OHdG which is an oxidative stress biomarker. These results analyzed with RM-ANOVA showed that, compared with baseline data levels (Run 0), levels of urinary 8-OHdG in the walking group decreased during Run 1, but not significantly, while levels in the vitamin C group and the combined intervention group decreased very significantly (p < 0.01); During Run 2, the urinary 8-OHdG levels in the vitamin C group and the combined intervention group increased slightly, but this difference was not significant. The results of O-ANOVA analysis showed that the urinary 8-OHdG levels in the combined intervention group decreased significantly after the 1st week of intervention compared with the no intervention group for the same period (p < 0.01). The analysis also showed that vitamin C had a certain attenuating effect on levels of urinary 8-OHdG in a short period.

Levels of serum TNF-α, a biomarker of inflammation, were determined in this study. RM-ANOVA analysis showed that, compared with baseline data (Run 0), with the exception of the no intervention group, levels of serum TNF-α in the other three intervention groups were significantly affected during Run 1 and Run 2. The serum TNF-α levels either decreased slightly or increased slightly, with just one difference reaching a significant level. The results of O-ANOVA analysis showed that, compared with the no intervention group, the various interventions of the other three groups had no significant effect on serum TNF-α levels after the interventions during the 1st and 2nd weeks. This means that walking and vitamin C intervention reduced serum TNF-α, but this effect was not obvious in this short period.

We also measured levels of serum IL-1β (another inflammation biomarker). The RM-ANOVA showed that levels of IL-1β in the vitamin C group decreased during Run1 when compared with baseline data levels (Run 0) (p < 0.05); during Run 2, levels of serum IL-1 β decreased in both the vitamin C intervention group and the combined intervention group, and this alleviating effect of vitamin C on serum IL-1β levels was very significant (p < 0.01), indicating that vitamin C intervention has a certain effect on reducing serum IL-1β levels over a short period. The results of O-ANOVA analysis showed that, compared with the no intervention group for the same period, serum IL-1β levels decreased after baseline measurement and week 1 intervention. The levels increased and decreased slightly after the 2nd week, but these differences were not significant.



Mixed effects model analysis for oxidative stress and inflammation biomarkers

The results of the analysis are shown in Figure 3 and Table 2.
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FIGURE 3
 The results of linear mixed effects model analysis.



TABLE 2 Results of ANOVA-Dunnett's test of oxidative stress and inflammatory biomarkers.
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Figure 2 and Table 3 shows that the three intervention modes (walking, vitamin C and combined intervention) had obvious alleviation effects for Serum ROS, Urine 8-OHdG and Serum IL-1β, but not for serum TNF-α, whose alleviation effect is not obvious. The linear mixed effect model analysis of oxidative stress and inflammation indices agree well-with the results from the analysis of variance.


TABLE 3 Percentage change, 95% confidence interval, and p-value range for biomarkers during Run 1 and Run 2 compared to results from Run 0.
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In summary: (1) Walking significantly alleviated ROS levels, and this was consistent in Run 1 and Run 2; (2) During Run 1, all three intervention modes reduced levels of 8-OHdG, but there was a statistically insignificant increase during Run 2; (3) No alleviating effects of the three intervention modes on TNF-α levels during Run 1 and Run 2 were observed; (4) The alleviating effects of the three intervention modes on IL-1β levels during Run 1 and Run 2 were clear.




Discussion

Participants entered this study through strict inclusion and exclusion criteria. All were healthy overweight and obese persons without communicable diseases or chronic diseases. Since other factors that might contribute to obesity or oxidative inflammation were ruled out, excessive energy intake could be the only cause of obesity and oxidative inflammation in this population.

Numerous recent studies of overweight/obese patients have found that levels of inflammatory factors are elevated (10–12), and the levels of inflammatory factors are positively correlated with the severity of obesity (13–15). Obesity has been recognized as a “systemic low-grade inflammatory disease” (16–18). Some other recent studies have found that the level of oxidative stress in overweight/obese patients is also increased (10, 19, 20), and the level of oxidative stress is positively correlated with BMI (21–24). The inflammation caused by oxidative stress/oxidative damage through the continuous activation of the intracellular NFκB pathway is called “oxidative inflammation” (3, 25). Excess energy intake (or “high dietary energy”) is one of the common risk factors for obesity and oxidative inflammation (26–28), so some scholars believe that there is a pathological mirror relationship between obesity and oxidative inflammation, that “they are identical twins” (3).

Obesity-related metabolic syndrome (29–32) and five major chronic diseases [cardiovascular diseases (33–35), neoplasms (36–38), chronic respiratory diseases (39, 40), neurological disorders (41–44), diabetes and kidney diseases (45–48)] may be the biggest public health problems facing China and the world. In 2019, the proportion of deaths caused by these diseases was as high as 66.92% globally, while in China the proportion was 86.21%, meaning incredibly, that < 14% of deaths in China were not caused by these five major diseases (49). Oxidative inflammation in obesity may be one of the main molecular mechanisms leading to the persistence of these major chronic diseases. Worldwide, research into the relationship between oxidative inflammation and these major chronic diseases has begun to receive extensive attention (3). In the future, research into intervention measures to reduce oxidative inflammation will become an important part of improving national health, with important roles for clinical and preventive medicine, and social welfare.

As a pioneering study to explore intervention measures to counter oxidative inflammation, we explore whether healthy exercise (walking), and taking an antioxidant (vitamin C), can reduce the levels of oxidative stress and inflammatory factors in overweight/obese students in the short term. The main physiological mechanism of walking is to maintain energy balance and avoid the accumulation of excess energy in the body, so as to prevent increased electron leakage from cell mitochondria due to an overloaded energy metabolism, and to reduce levels of ROS (50). We used vitamin C in this study because it is a readily available antioxidant nutrient. Figure 4 illustrates how vitamin C (as antioxidant) alleviates oxidative stress and inflammation, and why oxidative stress can induce inflammation. For this panel intervention study, we selected serum ROS and urine 8-OHdG as classical biomarkers of oxidative stress, and serum TNF-α and IL-1β as classical biomarkers of oxidative inflammation. Our study was successfully completed with a Run 0-Run 1-Run 2-2-week intervention, and three repeated sets of tests after each run.


[image: Figure 4]
FIGURE 4
 Schematic diagram of energy intake, oxidative stress and inflammation, and Vit C protective effects.


In this study, our main findings were: (1) “Effectiveness” of the intervention measures: Figure 3 shows that the three intervention measures we adopted have obvious alleviating effects on the levels of ROS, 8-OHdG and IL-1β in the participants, and in some cases these alleviating effects were statistically very significant; (2) “Substitutability” of the intervention measures: that is, the alleviating effects of the three interventions are similar, and they are not indispensable to each other. Figure 3 indicates that these interventions have a more obvious effect on IL-1β alleviation; (3) “Non-symbiotic” of the alleviating effects: the main finding is that the combined intervention (walking + vitamin C) did not evince the expected additive effect. The reason for this is worthy of further in-depth study.

This study has some limitations. First, the course of our panel intervention study may not be long enough. In this study, we observed that the level of serum TNF-α has not been alleviated during Run 1 and Run 2. The most likely reason is that 2 weeks is not enough time for the delayed effect of TNF-α to appear. In a future study, we will extend the research course to Run 3 or Run 4. Second, the age range of the participants is very narrow, with the average age and standard deviation being just 19.08 ± 0.96 years. In future work we will recruit overweight people from young, middle-aged and elderly groups, to better understand how age distribution affects the intervention results.



Conclusions

This study shows that short-term walking exercise and taking vitamin C can effectively alleviate ROS, 8-OHdG and IL-1β levels in overweight/obese college students. However, no effect of intervention measures on serum TNF-α levels was observed in this study. These interventions may become potential preventive measures for the overweight against obese-induced oxidative stress and inflammation.
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