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Background

With the development of lifestyle, elevated uric acid and hyperuricemia have become important factors affecting human health, but the biological mechanism and risk factors are still unclear.





Methods

A multi-stage, cross-sectional study of 41,136 adults from the NHANES 2003-2018 was conducted. Serum uric acid concentrations, platelet, neutrophil, lymphocyte, and monocyte counts were measured. The systemic inflammation response (SIRI) index and systemic immune-inflammatory (SII) index were calculated to reflect systemic inflammation and systemic immune inflammation. The height and weight data were obtained to assess body mass index (BMI). Generalized linear models were used to examine the relationships of SIRI and SII with uric acid and hyperuricemia risk, as well as the associations of SIRI and SII with BMI, and BMI with uric acid and hyperuricemia risk. Causal mediation effect model was used to assess the mediating effect of BMI in the relationships of SIRI, and SII with uric acid concentration and hyperuricemia risk.





Results

The prevalence of hyperuricemia in US adults is 19.78%. Positive associations were found in the relationships of SIRI and SII with uric acid level, hyperuricemia risk, and BMI, as well as the relationships of BMI with uric acid and hyperuricemia risk. Causal mediation effect model showed that BMI played an important mediating role in the relationships of SIRI, and SII with uric acid concentration and hyperuricemia risk, with the proportion of mediating effect ranging from 23.0% to 35.9%.





Conclusion

Exposure to higher SIRI and SII is associated with increased uric acid concentration and hyperuricemia risk in adults, and BMI plays an important mediating effect. Reducing systemic inflammation and systemic immune inflammation and proper weight control could be effective ways to reduce hyperuricemia prevalence and related health problems.
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1 Introduction

Uric acid is a metabolite derived from the metabolic breakdown of purines in the human body, predominantly eliminated through renal excretion. Elevated levels of uric acid can result in the occurrence of hyperuricemia (1, 2). As a metabolic disorder, the increasing prevalence of hyperuricemia has emerged as a significant global public health concern (3–5). During the process of rapid urbanization, the alteration of residents’ modern lifestyles, changes in dietary patterns, and the escalation of obesity rates are considered important risk factors contributing to the elevation of uric acid concentration and the increased prevalence of hyperuricemia (1, 6). Previous studies indicated that the prevalence of hyperuricemia in US adults was 20.1%, affecting approximately 38 million individuals (7). Abnormally elevated uric acid concentration and hyperuricemia have been confirmed as the pathological basis of gout. Gout is an inflammatory joint disease caused by the deposition of uric acid crystals in the joints, often characterized by joint swelling, pain, and impaired mobility in affected individuals (8). Moreover, hyperuricemia is closely associated with the occurrence and progression of other diseases, such as hypertension, diabetes, chronic kidney disease, and cardiovascular diseases (4, 9, 10).

Although the specific biological mechanisms underlying the elevation of uric acid concentration and hyperuricemia prevalence have not been fully elucidated, systemic inflammation and immune dysregulation are believed to be important regulatory mechanisms of uric acid concentration (11–14). Recent studies indicated that exposure to higher systemic inflammation response index (SIRI) and systemic immune-inflammation index (SII) was associated with increased uric acid concentration and hyperuricemia risk (12, 15). For example, a cross-sectional study of 5,568 US adolescents found that exposure to higher SII levels was related to increased serum uric acid concentration and hyperuricemia risk (12). A cross-sectional study of 8,095 Chinese adults reported a linear positive association between SIRI and prevalent hyperuricemia (15). However, to our knowledge, the mechanisms underlying the positive relationships of SIRI, and SII with uric acid concentration and hyperuricemia risk remain unclear. Body mass index (BMI), as a common indicator of obesity and metabolic dysfunction (16, 17), has been reported to be significantly associated with inflammatory response (18) and elevated uric acid concentration (19–21). Moreover, previous studies indicated that exposure to higher systemic inflammation and immune inflammation may increase body weight through various biological mechanisms, leading to elevated uric acid concentration (22–24). These mechanisms include the release of inflammatory cytokines causing insulin resistance (23, 25, 26) and adipose tissue inflammation (25), exacerbation of oxidative stress (27), and dysbiosis of gut microbiota (28, 29). Based on the above findings, we hypothesized that BMI could play an important mediating role in the relationships of SIRI, and SII with uric acid and hyperuricemia risk. To the best of our knowledge, no study has examined the potential mediating effect of BMI in the relationships of SIRI, and SII with uric acid or hyperuricemia risk.

In this multi-stage, cross-sectional study, we investigated the relationships between SIRI, and SII with uric acid concentration and hyperuricemia risk. Then, the mediating effect of BMI in the relationship of SIRI, and SII with uric acid concentration and hyperuricemia risk was estimated. This study aims to identify key biological mechanisms underlying hyperuricemia and provide potential intervention strategies.




2 Methods



2.1 Study population

The study participants were derived from the National Health and Nutrition Examination Survey (NHANES), which is an ongoing cross-sectional study that investigates a nationally representative sample of adults and children in the US. The NHANES study conducts surveys on approximately 5,000 US participants from 15 counties annually, with each survey cycle spanning two years. In this study, we included a total of 80,132 participants from eight NHANES follow-up surveys conducted between 2003 and 2018. Inclusion criteria were as follows (1): participation in standard blood biochemistry testing with complete serum uric acid data; (2) participation in complete blood cell count with no missing data for platelet, neutrophil, lymphocyte, and monocyte counts; (3) participation in physical examination with no missing data for height and weight; (4) individuals aged 18 years and above.

The NHANES study received approval from the National Center for Health Statistics Ethics Review Board (https://www.cdc.gov/nchs/nhanes/irba98.htm), and informed consent was obtained from all participants.




2.2 SIRI and SII measurement

Venous blood samples were obtained from each participant and analyzed using an automated hematology analyzer (Coulter DxH 800 analyzer) for complete blood cell count (reported as 1000 cells/µL). Based on previous literature, SIRI and SII indices were calculated using platelet, neutrophil, lymphocyte, and monocyte counts (11, 30, 31). The calculation formulas for SIRI and SII are as follows:

	




2.3 Serum uric acid level measurement and definition of hyperuricemia

Approximately two-thirds of the study participants underwent standard blood biochemistry testing, and serum uric acid concentration was measured using the timed endpoint method (32). Information on sample collection and processing, quality control, and quality assurance can be found in the NHANES Laboratory Procedures Manual. Details on the analytical methods, principles, and operating procedures are provided in the NHANES Laboratory Methods Document. Hyperuricemia was diagnosed when serum uric acid concentrations were ≥ 416 μmol/L (7.0 mg/dL) in males and ≥ 357 μmol/L (6.0 mg/dL) in females (1, 2, 33).




2.4 BMI measurement

During each follow-up visit, physical examinations were conducted on the study participants to record their weight and height measurements. The body mass index (BMI) was calculated using the following formula: BMI = Weight (kg)/(Height (m)^2).




2.5 Covariate

The inclusion of covariates was based on previous NHANES studies on uric acid and hyperuricemia (7, 11, 34–39), and directed acyclic graph analysis was performed to explore the potential pathways of covariates in the relationships between SIRI, SII, BMI, and uric acid concentration, and the risk of hyperuricemia (Supplementary Figure S1) (11). These covariates included: (1) sociodemographic factors: age (34–36), sex (7, 34), race (7, 34, 35); (2) socioeconomic factors: marital status (7), education level (7, 34); (3) dietary factors: consumption of fish and shellfish (1, 32, 38); (4) lifestyle and behavioral habits related to uric acid metabolism: smoking status (7, 35, 39), alcohol consumption (34, 35, 37), and physical activity (11, 34). Standardized questionnaires were used to collect information on the above covariates from the study participants. The intake of seafood products was assessed by surveying the consumption of shellfish and fish in the past 30 days (7). Smokers were defined as individuals who had smoked a cumulative total of 100 or more cigarettes. Alcohol consumption was defined as drinking at least once a month (2017-2018) or more than 12 times a year (2003-2016) (11). Based on the 2008 Physical Activity Guidelines for Americans, participants were categorized into four groups: “high”, “moderate”, “insufficient” and “sedentary” (40, 41).




2.6 Statistical analysis

Descriptive statistics were used. Mean ± standard deviation (SD) was used to represent normally distributed continuous variables, while median (P25, P75) was used to describe the non-normally distributed continuous variables. Categorical variables were presented as frequency (percentage, %). To compare the differences between non-hyperuricemia and hyperuricemia groups, Student t-tests were used for normally distributed continuous variables, while Mann-Whitney U tests were employed for non-normally distributed continuous variables. For categorical variables, chi-square tests were used to compare the differences between the non-hyperuricemia and hyperuricemia groups.

The associations of SIRI, and SII with uric acid, and hyperuricemia risk were analyzed using generalized linear models. Specifically, linear regression models were used to analyze the relationship between SIRI, SII, BMI, and uric acid concentration, while logistic regression models were utilized to assess the association between SIRI, SII, BMI, and the risk of hyperuricemia. The effect sizes were reported as the association between the SIRI, SII, and BMI with each interquartile range (IQR) increase in uric acid concentration and the risk of hyperuricemia. To adjust for potential confounding factors and test the robustness of the results, the study established a crude model and two adjusted models. Based on previous research on uric acid, sociodemographic factors (age, sex, race), socioeconomic factors (marital status, education level), dietary factors (consumption of fish and shellfish) (1, 32), and other lifestyle and behavioral habits related to uric acid metabolism (smoking status, alcohol consumption, physical activity) (34) were included as covariates in the analysis.

Causal mediation effect model was conducted to evaluate whether BMI mediates the relationships of SIRI and SII with uric acid concentration hyperuricemia risk (16, 42). Briefly, in addition to observing positive associations of the SIRI index, SII index with uric acid concentration, hyperuricemia risk (exposure-outcome), the associations of SIRI index, SII index with BMI (exposure-mediator), and the relationships of BMI with uric acid concentration, hyperuricemia risk (mediator-outcome) were examined utilizing generalized linear models. If all the associations mentioned above were statistically significant (exposure-outcome, exposure-mediator, and mediator-outcome relationships), causal mediation effect model was used to estimate the percentage of the mediating effect of BMI in the relationship of SIRI index, SII index with uric acid concentration and hyperuricemia risk (42, 43).

The statistical analysis was conducted using R software (version 4.3.2). The causal mediation effect model was conducted utilizing the “mediation” R package. A significance level of p < 0.05 was considered as statistical significance.





3 Results



3.1 Basic characteristics of study participants

A total of 41,136 adults from NHANES 2003-2018 were included in this study. The mean age of the study participants was 47.85 ± 18.99 years. A total of 8,136 individuals were identified as having hyperuricemia, with a prevalence rate of 19.78%. The basic characteristics of the study participants are presented in Table 1.


Table 1 | Basic characteristics of study subjects.






3.2 Comparison of SIRI, SII, and BMI between adults with hyperuricemia and without hyperuricemia

The distribution of the SIRI index, SII index, and BMI between adults with hyperuricemia and those without hyperuricemia was compared using box plots. The SIRI index, SII index, and BMI in the hyperuricemia group were significantly higher than those in the non-hyperuricemia group (p < 0.001) (Figure 1).




Figure 1 | Comparison of SIRI index, SII index and BMI between hyperuricemia and non-hyperuricemia participants. Student t-tests and Mann-Whitney U tests were employed to compare the differences in SIRI index, SII index and BMI between the non-hyperuricemia and hyperuricemia groups. (A) SIRI index; (B) SII index; (C) BMI; The P value represents the statistical significance for testing the difference between hyperuricemia and non-hyperuricemia participants. ***P-value < 0.001.






3.3 Associations of SIRI and SII with Uric acid concentration and hyperuricemia risk

The associations of SIRI and SII with uric acid and hyperuricemia risk are presented in Figure 2; Supplementary Table S1. Except for the non-significant association between the SII index and uric acid concentration in the crude model, positive associations were all observed for the relationships of SIRI and SII with uric acid concentration. After adjusting for age, sex, race, marital status, education level, smoking status, alcohol consumption, and the intake of fish and shellfish, each IQR increase in SIRI (IQR = 0.83) and SII (IQR = 333.15) was associated with an increase of 3.21μmol/L (95%CI: 2.54, 3.88) and 2.79 μmol/L (95%CI: 2.12, 3.43) in uric acid concentration, respectively. Regarding the risk of hyperuricemia, both the crude and adjusted models indicated that the SIRI and SII were positively associated with an increased risk of hyperuricemia. After adjusting for covariates, the study found that each IQR increase in the SIRI and SII was associated with a 9.2% (OR=1.092; 95%CI: 1.070, 1.115) and 7.5% (OR=1.075; 95%CI: 1.051, 1.099) increase in hyperuricemia risk, respectively.




Figure 2 | Associations of SIRI, SII with uric acid concentration and hyperuricemia risk. Model 1, unadjusted for covariates; Model 2, adjusted for age, sex, race, marital status, and education level; Model 3, adjusted for age, sex, race, marital status, education level, smoking status, alcohol consumption, and intake of fish and shellfish.






3.4 Associations of SIRI, SII with BMI

The associations of SIRI and SII with BMI are presented in Figure 3; Supplementary Table S2. Both crude and adjusted models showed positive relationships of SIRI and SII with BMI. After adjusting for the potential covariates, each IQR increase in SIRI and SII was associated with an increase of 0.23 kg/m2 (95%CI: 0.18, 0.29) and 0.26 kg/m2 (95%CI: 0.20, 0.31) in BMI, respectively.




Figure 3 | Associations of SIRI, SII with BMI. Model 1, unadjusted for covariates; Model 2, adjusted for age, sex, race, marital status, and education level; Model 3, adjusted for age, sex, race, marital status, education level, smoking status, alcohol consumption, and intake of fish and shellfish.






3.5 Associations of BMI with uric acid concentration and hyperuricemia risk

The associations of BMI with uric acid concentration and hyperuricemia risk are shown in Figure 4; Supplementary Table S3. The results indicated positive relationships between BMI and uric acid concentration, as well as hyperuricemia risk. After adjusting for covariates, each IQR increase in BMI (IQR=7.69 kg/m2) was associated with an increase of 29.32 μmol/L (95%CI: 28.46, 30.18) in uric acid concentration and a 104.5% (OR=2.045; 95%CI: 1.984, 2.108) increase in the risk of hyperuricemia (p < 0.001).




Figure 4 | Associations of BMI with uric acid concentration and hyperuricemia risk. Model 1, unadjusted for covariates; Model 2, adjusted for age, sex, race, marital status, and education level; Model 3, adjusted for age, sex, race, marital status, education level, smoking status, alcohol consumption, and intake of fish and shellfish.






3.6 Mediating effect of BMI in the associations of SIRI and SII with uric acid concentration and hyperuricemia risk.

The mediating effect of BMI in the association of SIRI, and SII, with uric acid concentration and hyperuricemia risk was analyzed, and the results are shown in Figure 5. The results revealed significant mediating effects of BMI in the relationships of SIRI and SII with uric acid concentration and hyperuricemia risk. The mediated proportions of BMI in the relationships of SIRI with uric acid and hyperuricemia risk were 23.0% (95%CI: 18.2%, 30.5%) and 28.0% (95%CI: 21.5%, 36.1%), respectively. The mediated proportions of BMI were 35.9% (95%CI: 27.4%, 44.6%) and 31.4% (95%CI: 24.1%, 41.8%) for the relationships of SII with uric acid and hyperuricemia risk.




Figure 5 | Mediation effect of BMI on the associations of SIRI, SII with uric acid concentration and hyperuricemia risk. ACME refers to the indirect effect, ADE refers to the direct effect, and the mediation percentage represents the proportion of the indirect effect to the total effect (sum of indirect and direct effects). ***P-value <0.001.







4 Discussion

This multi-stage, cross-sectional study of 41,136 adults from the NHANES 2003-2018 conducted a comprehensive investigation on the relationship among SIRI, SII, BMI, uric acid concentration, and hyperuricemia risk. This study revealed that exposure to higher SIRI, and SII was associated with increased uric acid concentration and hyperuricemia risk, and BMI was identified as a crucial mediation factor in the relationships of SIRI, and SII with uric acid concentration and hyperuricemia risk. To our knowledge, this study might be the first study that assessed the mediating role of BMI in the relationships of SIRI, and SII with uric acid concentration and hyperuricemia risk. With the global rapid increase in uric acid concentration and hyperuricemia prevalence, our study highlights the importance of reducing SIRI and SII, maintaining body weight in lowering the prevalence of hyperuricemia, and the adverse health effects caused by high uric acid concentration.

SII and SIRI, calculated from platelets, neutrophils, lymphocytes, and monocytes, have garnered widespread attention as novel inflammatory markers in recent years. Previous studies indicated that SIRI and SII could provide a comprehensive reflection of the immune-inflammatory status of the body and have significant predictive value for various diseases, including cardiovascular diseases (12). In the current study, we found positive associations of SIRI and SII with uric acid concentration and hyperuricemia risk in a representative US population. Our findings could be supported by existing research. For example, Chen et al. conducted a cross-sectional study on 8,095 adults from the Northeast Rural Cardiovascular Health Study in 2012-2013, and found a positive association between the SIRI index and the risk of hyperuricemia, suggesting the significant value of SIRI in risk stratification and prevention of hyperuricemia (15). Xie et al. conducted a cross-sectional study on 5,568 adolescents from NHANES 2009-2018 and reported positive associations between the SII index and uric acid concentration as well as the risk of uric acid elevation (12). In addition to SIRI and SII, C-reactive protein (CRP) is also frequently used as a biomarker of systemic inflammation (44). Previous studies have reported positive associations of CRP with uric acid concentration and hyperuricemia, which partially supports our findings. For example, a cross-sectional study on obese children in adolescence found a positive correlation between CRP concentration in serum and uric acid concentration (24). To our knowledge, this study might be the largest epidemiological study that investigated the relationship of SIRI and SII with uric acid concentration and hyperuricemia risk, which could provide more comprehensive epidemiological evidence for the relationships between SIRI, SII, and uric acid and the risk of hyperuricemia.

Moreover, this study found that BMI plays an important mediating role in the relationships of SIRI, and SII with the elevation of uric acid concentration and hyperuricemia risk. Some existing findings provide supportive evidence for our results. On the one hand, BMI, as an indicator of obesity, is closely associated with uric acid concentration and hyperuricemia risk (19–21). A study of 39,736 Chinese adults from Jiangsu Province found that uric acid concentration linearly increased with BMI, and obese patients had significantly higher uric acid concentrations than underweight patients. Compared to individuals with low weight, overweight individuals had an approximately 2.98 times higher risk of hyperuricemia, and obese individuals had an approximately 5.96 times higher risk of hyperuricemia (20). Moreover, BMI levels in childhood can also affect serum uric acid concentration in adulthood, exerting long-term effects on health. A study of 298 children from Japan found that rapid BMI increase in childhood was related to a significant increase in serum uric acid concentration in adulthood (19). On the other hand, multiple studies showed that exposure to higher SIRI and SII was associated with increased BMI levels (18, 45). Wang et al. conducted a cross-sectional study of 7,420 rural residents and reported a positive association between SIRI index and obesity risk (45). Chen et al. conducted a cross-sectional study of 9,301 participants from NHANES 2005-2018 and reported positive associations of SII index with BMI and waist circumference (18). To the best of our knowledge, this study may be the first study assessing the mediating effect of BMI in the association of SIRI, and SII with the elevation of uric acid level and hyperuricemia risk, and our finding indicated that controlling weight could be an effective measure to reduce the risk of hyperuricemia and adverse health effects that caused by high uric acid concentration.

Although the exact mechanism explaining the mediating effect of BMI on the positive relationships of SIRI, and SII with uric acid concentration and hyperuricemia risk remains uncertain, some potential biological mechanisms should be paid particular attention to. Firstly, the release of inflammatory cytokines may result in insulin resistance (46), disrupting insulin signaling and affecting glucose metabolism and lipid accumulation, promoting fat deposition and obesity development (18, 47–49). Secondly, prolonged inflammation status could trigger an inflammatory response in adipose tissue, leading to dysfunction of adipocytes, affecting lipid metabolism (50) and hormone secretion (51, 52), further promoting obesity formation (53). Thirdly, oxidative stress may also play a role by disrupting cell structure and function, exacerbating tissue damage and metabolic abnormalities (54, 55). Finally, the inflammatory status may also influence the balance of gut microbiota, leading to dysbiosis, affecting energy metabolism and nutrient absorption, thereby impacting weight control and uric acid metabolism (29, 56, 57). These complex biological mechanisms interact with each other and contribute to the elevation of BMI. The increased BMI could affect uric acid metabolism through various mechanisms (58). Firstly, obesity is often accompanied by insulin resistance, which leads to reduced excretion of uric acid by the kidneys, resulting in the accumulation of uric acid in the bloodstream (59). Secondly, individuals with obesity commonly consume an excessive number of high-purine foods, thereby increasing the body’s production of uric acid (60). Finally, the increased renal workload caused by obesity impairs the kidneys’ ability to eliminate uric acid effectively (61). These factors collectively contribute to the elevation of serum uric acid concentration and hyperuricemia risk.

Our study may have some strengths. First, this study might be the largest epidemiological study that investigated the relationship of SIRI and SII with uric acid concentration and hyperuricemia risk, which could provide more comprehensive epidemiological evidence for the relationships between SIRI, SII, and uric acid and the risk of hyperuricemia. Second, this study may be the first study assessing the mediating effect of BMI in the association of SIRI, and SII with the elevation of uric acid level and hyperuricemia risk, and our finding indicated that controlling weight could be an effective measure to reduce the risk of hyperuricemia and adverse health effects that caused by high uric acid concentration. However, several limitations should be noted in our study. First, although this study included 8 waves of NHANES data from 2003 to 2018, the cross-sectional study design cannot establish causal relationships between SIRI, SII, BMI, uric acid concentration, and the risk of hyperuricemia. Secondly, despite incorporating various covariates to adjust for potential confounders in our analysis, there remains a possibility that unmeasured confounding variables could introduce some bias to our findings. Finally, our study was conducted in a representative population of US adults. Further research is warranted in diverse populations, including individuals of different ethnicities and from developing countries.




5 Conclusion

Exposure to higher SIRI and SII was associated with increased serum uric acid concentration and hyperuricemia risk in adults. BMI played an important mediating role in the relationships of SIRI, and SII with uric acid concentration and hyperuricemia risk. With the increasing prevalence of hyperuricemia worldwide and the rapid rise in disease burden due to elevated uric acid concentration, this study suggests that reducing SIRI and SII and maintaining body weight could be effective measures to reduce the risk of hyperuricemia and adverse health effects caused by high uric acid concentration. In the future, longitudinal studies should be conducted to validate our findings and establish causal relationships between SIRI, and SII with uric acid and hyperuricemia risk.





Data availability statement

Publicly available datasets were analyzed in this study. This data can be found here: https://www.cdc.gov/nchs/nhanes/index.htm.





Ethics statement

The studies involving humans were approved by The NHANES study received approval from the National Center for Health Statistics Ethics Review Board (https://www.cdc.gov/nchs/nhanes/irba98.htm). The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.





Author contributions

YZ: Conceptualization, Data curation, Formal analysis, Software, Writing – original draft. SH: Conceptualization, Data curation, Formal analysis, Methodology, Writing – original draft. ZD: Conceptualization, Data curation, Formal analysis, Methodology, Validation, Writing – original draft. XT: Conceptualization, Data curation, Writing – original draft. XuL: Methodology, Writing – original draft. GH: Data curation, Formal analysis, Visualization, Writing – original draft. XG: Conceptualization, Writing – original draft. CT: Data curation, Writing – original draft. XiL: Formal analysis, Writing – review & editing. WY: Visualization, Writing – original draft. QZ: Formal analysis, Writing – original draft. ZN: Conceptualization, Data curation, Formal analysis, Software, Visualization, Writing – review & editing. FW: Conceptualization, Formal analysis, Funding acquisition, Methodology, Writing – review & editing.





Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. This work was supported by the National Natural Science Foundation of China (No. 82102322), and Xijing Hospital discipline promotion project (No. XJZT27LY17, XJZT24QN28).




Acknowledgments

The authors thank all the staff and participants in NHANES.





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fendo.2024.1469637/full#supplementary-material




References

1. Ma, Y, Hu, Q, Yang, D, Zhao, Y, Bai, J, Mubarik, S, et al. Combined exposure to multiple metals on serum uric acid in NHANES under three statistical models. Chemosphere. (2022) 301:134416. doi: 10.1016/j.chemosphere.2022.134416

2. Tan, Y, Fu, Y, Huang, F, Wen, L, Weng, X, Yao, H, et al. Association between blood metal exposures and hyperuricemia in the U.S. general adult: A subgroup analysis from NHANES. Chemosphere. (2023) 318:137873. doi: 10.1016/j.chemosphere.2023.137873

3. Singh, G, Lingala, B, and Mithal, A. Gout and hyperuricaemia in the USA: prevalence and trends. Rheumatol (Oxford). (2019) 58:2177–80. doi: 10.1093/rheumatology/kez196

4. Feng, Y, Fu, M, Guan, X, Wang, C, Meng, H, Zhou, Y, et al. Associations of exposure to perfluoroalkyl substances with serum uric acid change and hyperuricemia among Chinese women: Results from a longitudinal study. Chemosphere. (2022) 308:132578. doi: 10.1016/j.chemosphere.2022.136438

5. Arrebola, JP, Ramos, JJ, Bartolome, M, Esteban, M, Huetos, O, Canas, AI, et al. Associations of multiple exposures to persistent toxic substances with the risk of hyperuricemia and subclinical uric acid levels in BIOAMBIENT.ES study. Environ Int. (2019) 123:512–21. doi: 10.1016/j.envint.2018.12.030

6. Zhang, F, Wang, H, Cui, Y, Zhao, L, Song, R, Han, M, et al. Association between mixed dioxin exposure and hyperuricemia in U.S. adults: A comparison of three statistical models. Chemosphere. (2022) 303:135134. doi: 10.1016/j.chemosphere.2022.135134

7. Niu, Z, Duan, Z, He, W, Chen, T, Tang, H, Du, S, et al. Kidney function decline mediates the adverse effects of per- and poly-fluoroalkyl substances (PFAS) on uric acid levels and hyperuricemia risk. J Hazardous Materials. (2024) 471:134312. doi: 10.1016/j.jhazmat.2024.134312

8. Latourte, A, Dumurgier, J, Paquet, C, and Richette, P. Hyperuricemia, gout, and the brain-an update. Curr Rheumatol Rep. (2021) 23:82. doi: 10.1007/s11926-021-01050-6

9. Crawley, WT, Jungels, CG, Stenmark, KR, and Fini, MA. U-shaped association of uric acid to overall-cause mortality and its impact on clinical management of hyperuricemia. Redox Biol. (2022) 51:102271. doi: 10.1016/j.redox.2022.102271

10. Borghi, C, Agabiti-Rosei, E, Johnson, RJ, Kielstein, JT, Lurbe, E, Mancia, G, et al. Hyperuricaemia and gout in cardiovascular, metabolic and kidney disease. Eur J Intern Med. (2020) 80:1–11. doi: 10.1016/j.ejim.2020.07.006

11. Niu, Z, Chen, T, Duan, Z, Han, S, Shi, Y, Yu, W, et al. Associations of exposure to phthalate with serum uric acid and hyperuricemia risk, and the mediating role of systemic immune inflammation. Ecotoxicol Environ Saf. (2024) 287:117269. doi: 10.1016/j.ecoenv.2024.117269

12. Xie, F, Wu, Z, Feng, J, Li, K, Li, M, and Wu, Y. Association between systemic immune-inflammation index and serum uric acid in U.S. adolescents: A population-based study. Nutr Metab Cardiovasc Dis. (2024) 34:206–13. doi: 10.1016/j.numecd.2023.10.008

13. Yang, J, Feng, P, Ling, Z, Khan, A, Wang, X, Chen, Y, et al. Nickel exposure induces gut microbiome disorder and serum uric acid elevation. Environ pollut. (2023) 324:121349. doi: 10.1016/j.envpol.2023.121349

14. Zhang, L, Liu, J, Jin, T, Qin, N, Ren, X, and Xia, X. Live and pasteurized Akkermansia muciniphila attenuate hyperuricemia in mice through modulating uric acid metabolism, inflammation, and gut microbiota. Food Funct. (2022) 13:12412–25. doi: 10.1039/d2fo02702j

15. Chen, MQ, Wang, HY, Shi, WR, and Sun, YX. Estimate of prevalent hyperuricemia by systemic inflammation response index: results from a rural Chinese population. Postgrad Med. (2021) 133:242–9. doi: 10.1080/00325481.2020.1809870

16. Niu, Z, Duan, Z, Wei, J, Wang, F, Han, D, Zhang, K, et al. Associations of long-term exposure to ambient ozone with hypertension, blood pressure, and the mediation effects of body mass index: A national cross-sectional study of middle-aged and older adults in China. Ecotoxicol Environ Saf. (2022) 242:113901. doi: 10.1016/j.ecoenv.2022.113901

17. Zhang, J, Zhang, J, Duan, Z, Nie, J, Li, X, Yu, W, et al. Association between long-term exposure to PM(2.5) chemical components and metabolic syndrome in middle-aged and older adults. Front Public Health. (2024) 12:1462548. doi: 10.3389/fpubh.2024.1462548

18. Chen, Y, Huang, R, Mai, Z, Chen, H, Zhang, J, Zhao, L, et al. Association between systemic immune-inflammatory index and diabetes mellitus: mediation analysis involving obesity indicators in the NHANES. Front Public Health. (2023) 11:1331159. doi: 10.3389/fpubh.2023.1331159

19. Kuwahara, E, Murakami, Y, Okamura, T, Komatsu, H, Nakazawa, A, Ushiku, H, et al. Increased childhood BMI is associated with young adult serum uric acid levels: a linkage study from Japan. Pediatr Res. (2017) 81:293–8. doi: 10.1038/pr.2016.213

20. Wang, H, Wang, L, Xie, R, Dai, W, Gao, C, Shen, P, et al. Association of serum uric acid with body mass index: A cross-sectional study from Jiangsu Province, China. Iran J Public Health. (2014) 43:1503–9.

21. Zhou, H, Liu, Z, Chao, Z, Chao, Y, Ma, L, Cheng, X, et al. Nonlinear relationship between serum uric acid and body mass index: a cross-sectional study of a general population in coastal China. J Transl Med. (2019) 17:389. doi: 10.1186/s12967-019-02142-9

22. Rohm, TV, Meier, DT, Olefsky, JM, and Donath, MY. Inflammation in obesity, diabetes, and related disorders. Immunity. (2022) 55:31–55. doi: 10.1016/j.immuni.2021.12.013

23. Gagliardi, AC, Miname, MH, and Santos, RD. Uric acid: A marker of increased cardiovascular risk. Atherosclerosis. (2009) 202:11–7. doi: 10.1016/j.atherosclerosis.2008.05.022

24. Valle, M, Martos, R, Cañete, MD, Valle, R, van Donkelaar, EL, Bermudo, F, et al. Association of serum uric acid levels to inflammation biomarkers and endothelial dysfunction in obese prepubertal children. Pediatr Diabetes. (2015) 16:441–7. doi: 10.1111/pedi.12199

25. Li, C, Hsieh, MC, and Chang, SJ. Metabolic syndrome, diabetes, and hyperuricemia. Curr Opin Rheumatol. (2013) 25:210–6. doi: 10.1097/BOR.0b013e32835d951e

26. Aroor, AR, McKarns, S, Demarco, VG, Jia, G, and Sowers, JR. Maladaptive immune and inflammatory pathways lead to cardiovascular insulin resistance. Metabolism. (2013) 62:1543–52. doi: 10.1016/j.metabol.2013.07.001

27. Chen, Z, Wei, W, Hu, Y, Niu, Q, and Yan, Y. Associations between co-exposure to per- and polyfluoroalkyl substances and metabolic diseases: The mediating roles of inflammation and oxidative stress. Sci Total Environ. (2024) 953:176187. doi: 10.1016/j.scitotenv.2024.176187

28. Liu, H, Zhuang, J, Tang, P, Li, J, Xiong, X, and Deng, H. The role of the gut microbiota in coronary heart disease. Curr Atheroscler Rep. (2020) 22:77. doi: 10.1007/s11883-020-00892-2

29. Huber-Ruano, I, Calvo, E, Mayneris-Perxachs, J, Rodríguez-Peña, MM, Ceperuelo-Mallafré, V, Cedó, L, et al. Orally administered Odoribacter laneus improves glucose control and inflammatory profile in obese mice by depleting circulating succinate. Microbiome. (2022) 10:135. doi: 10.1186/s40168-022-01306-y

30. Xia, Y, Xia, C, Wu, L, Li, Z, Li, H, and Zhang, J. Systemic immune inflammation index (SII), system inflammation response index (SIRI) and risk of all-cause mortality and cardiovascular mortality: A 20-year follow-up cohort study of 42,875 US adults. J Clin Med. (2023) 12. doi: 10.3390/jcm12031128

31. Jin, Z, Wu, Q, Chen, S, Gao, J, Li, X, Zhang, X, et al. The associations of two novel inflammation indexes, SII and SIRI with the risks for cardiovascular diseases and all-cause mortality: A ten-year follow-up study in 85,154 individuals. J Inflammation Res. (2021) 14:131–40. doi: 10.2147/jir.S283835

32. Sanders, AP, Mazzella, MJ, Malin, AJ, Hair, GM, Busgang, SA, Saland, JM, et al. Combined exposure to lead, cadmium, mercury, and arsenic and kidney health in adolescents age 12-19 in NHANES 2009-2014. Environ Int. (2019) 131:104993. doi: 10.1016/j.envint.2019.104993

33. Dong, X, Liu, X, Zhang, L, Li, R, Tu, R, Hou, J, et al. Residential greenness associated with lower serum uric acid levels and hyperuricemia prevalence in a large Chinese rural population. Sci Total Environ. (2021) 770:145300. doi: 10.1016/j.scitotenv.2021.145300

34. Tan, Y, Fu, Y, Yao, H, Wu, X, Yang, Z, Zeng, H, et al. Relationship between phthalates exposures and hyperuricemia in U.S. general population, a multi-cycle study of NHANES 2007-2016. Sci Total Environ. (2023) 859:160208. doi: 10.1016/j.scitotenv.2022.160208

35. Gleason, JA, Post, GB, and Fagliano, JA. Associations of perfluorinated chemical serum concentrations and biomarkers of liver function and uric acid in the US population (NHANES), 2007-2010. Environ Res. (2015) 136:8–14. doi: 10.1016/j.envres.2014.10.004

36. Malin, AJ, Lesseur, C, Busgang, SA, Curtin, P, Wright, RO, and Sanders, AP. Fluoride exposure and kidney and liver function among adolescents in the United States: NHANES, 2013-2016. Environ Int. (2019) 132:105012. doi: 10.1016/j.envint.2019.105012

37. Tan, Y, Fu, Y, Yao, H, Li, H, Wu, X, Guo, Z, et al. The relationship of organophosphate flame retardants with hyperuricemia and gout via the inflammatory response: An integrated approach. Sci Total Environ. (2024) 908:168169. doi: 10.1016/j.scitotenv.2023.168169

38. Wei, Y, Zhu, J, and Wetzstein, SA. Plasma and water fluoride levels and hyperuricemia among adolescents: A cross-sectional study of a nationally representative sample of the United States for 2013-2016. Ecotoxicol Environ Saf. (2021) 208:111670. doi: 10.1016/j.ecoenv.2020.111670

39. Wu, R, Zhu, X, Xing, Y, Guan, G, Zhang, Y, Hui, R, et al. Association of N, N-diethyl-m-toluamide (DEET) with hyperuricemia among adult participants. Chemosphere. (2023) 338:139320. doi: 10.1016/j.chemosphere.2023.139320

40. Wei, MH, Cui, Y, Zhou, HL, Song, WJ, Di, DS, Zhang, RY, et al. Associations of multiple metals with bone mineral density: A population-based study in US adults. Chemosphere. (2021) 282:131150. doi: 10.1016/j.chemosphere.2021.131150

41. Tucker, LA. Physical activity and telomere length in U.S. men and women: An NHANES investigation. Prev Med. (2017) 100:145–51. doi: 10.1016/j.ypmed.2017.04.027

42. Liu, J, Song, J, Gao, D, Li, Y, Guo, T, Yuan, W, et al. Exploring the associations between phthalate exposure and cardiometabolic risk factors clustering among children: The potential mediating role of insulin-resistant-related genes DNA methylation. J Hazardous Materials. (2024) 461:132578. doi: 10.1016/j.jhazmat.2023.132578

43. Baron, RM, and Kenny, DA. The moderator-mediator variable distinction in social psychological research: conceptual, strategic, and statistical considerations. J Pers Soc Psychol. (1986) 51:1173–82. doi: 10.1037//0022-3514.51.6.1173

44. Han, S, Zhang, F, Yu, H, Wei, J, Xue, L, Duan, Z, et al. Systemic inflammation accelerates the adverse effects of air pollution on metabolic syndrome: Findings from the China health and Retirement Longitudinal Study (CHARLS). Environ Res. (2022) 215:114340. doi: 10.1016/j.envres.2022.114340

45. Wang, P, Guo, X, Zhou, Y, Li, Z, Yu, S, Sun, Y, et al. Monocyte-to-high-density lipoprotein ratio and systemic inflammation response index are associated with the risk of metabolic disorders and cardiovascular diseases in general rural population. Front Endocrinol (Lausanne). (2022) 13:944991. doi: 10.3389/fendo.2022.944991

46. Okuyan, O, Dumur, S, Elgormus, N, and Uzun, H. The relationship between vitamin D, inflammatory markers, and insulin resistance in children. Nutrients. (2024) 16. doi: 10.3390/nu16173005

47. Guo, H, Wan, C, Zhu, J, Jiang, X, and Li, S. Association of systemic immune-inflammation index with insulin resistance and prediabetes: a cross-sectional study. Front Endocrinol (Lausanne). (2024) 15:1377792. doi: 10.3389/fendo.2024.1377792

48. Deng, X, Liu, D, Li, M, He, J, and Fu, Y. Association between systemic immune-inflammation index and insulin resistance and mortality. Sci Rep. (2024) 14:2013. doi: 10.1038/s41598-024-51878-y

49. Zeng, P, Jiang, C, Liu, A, Yang, X, Lin, F, and Cheng, L. Association of systemic immunity-inflammation index with metabolic syndrome in U.S. adult: a cross-sectional study. BMC Geriatr. (2024) 24:61. doi: 10.1186/s12877-023-04635-1

50. Song, Y, Zhao, Y, Shu, Y, Zhang, L, Cheng, W, Wang, L, et al. Combination model of neutrophil to high-density lipoprotein ratio and system inflammation response index is more valuable for predicting peripheral arterial disease in type 2 diabetic patients: A cross-sectional study. Front Endocrinol (Lausanne). (2023) 14:1100453. doi: 10.3389/fendo.2023.1100453

51. Cao, S, and Hu, Y. Creating machine learning models that interpretably link systemic inflammatory index, sex steroid hormones, and dietary antioxidants to identify gout using the SHAP (SHapley Additive exPlanations) method. Front Immunol. (2024) 15:1367340. doi: 10.3389/fimmu.2024.1367340

52. Wu, Z, Jiang, Y, Li, P, Wang, Y, Zhang, H, Li, Z, et al. Association of impaired sensitivity to thyroid hormones with hyperuricemia through obesity in the euthyroid population. J Transl Med. (2023) 21:436. doi: 10.1186/s12967-023-04276-3

53. Kawai, T, Autieri, MV, and Scalia, R. Adipose tissue inflammation and metabolic dysfunction in obesity. Am J Physiol Cell Physiol. (2021) 320:C375–c391. doi: 10.1152/ajpcell.00379.2020

54. Masenga, SK, Kabwe, LS, Chakulya, M, and Kirabo, A. Mechanisms of oxidative stress in metabolic syndrome. Int J Mol Sci. (2023) 24. doi: 10.3390/ijms24097898

55. Pérez-Torres, I, Castrejón-Téllez, V, Soto, ME, Rubio-Ruiz, ME, Manzano-Pech, L, and Guarner-Lans, V. Oxidative stress, plant natural antioxidants, and obesity. Int J Mol Sci. (2021) 22. doi: 10.3390/ijms22041786

56. Gomes, AC, Hoffmann, C, and Mota, JF. The human gut microbiota: Metabolism and perspective in obesity. Gut Microbes. (2018) 9:308–25. doi: 10.1080/19490976.2018.1465157

57. Chu, Y, Sun, S, Huang, Y, Gao, Q, Xie, X, Wang, P, et al. Metagenomic analysis revealed the potential role of gut microbiome in gout. NPJ Biofilms Microbiomes. (2021) 7:66. doi: 10.1038/s41522-021-00235-2

58. Du, L, Zong, Y, Li, H, Wang, Q, Xie, L, Yang, B, et al. Hyperuricemia and its related diseases: mechanisms and advances in therapy. Signal Transduct Target Ther. (2024) 9:212. doi: 10.1038/s41392-024-01916-y

59. Kuwabara, M, Kuwabara, R, Niwa, K, Hisatome, I, Smits, G, Roncal-Jimenez, CA, et al. Different risk for hypertension, diabetes, dyslipidemia, and hyperuricemia according to level of body mass index in Japanese and American subjects. Nutrients. (2018) 10. doi: 10.3390/nu10081011

60. Wang, J, Chen, S, Zhao, J, Liang, J, Gao, X, Gao, Q, et al. Association between nutrient patterns and hyperuricemia: mediation analysis involving obesity indicators in the NHANES. BMC Public Health. (2022) 22:1981. doi: 10.1186/s12889-022-14357-5

61. Kratzer, JT, Lanaspa, MA, Murphy, MN, Cicerchi, C, Graves, CL, Tipton, PA, et al. Evolutionary history and metabolic insights of ancient mammalian uricases. Proc Natl Acad Sci U S A. (2014) 111:3763–8. doi: 10.1073/pnas.1320393111




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.


Copyright © 2024 Zhang, Han, Duan, Tian, Li, Hou, Gao, Tian, Li, Yu, Zhou, Niu and Wang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fendo-15-1469637-g005.jpg
ACME=1.08 (95%CI: 0.80, 1.30) ™™ ACME (%10%)=3.59 (95%CI: 3.00, 4.29) """

Prop. Mediated (%):
23.0% (95%CI: 18.2%, 30.5%) ***

Prop. Mediated (%):
28.0% (95%CI: 21.5%, 36.1%) ***

ADE=2.82 (95%CTI: 2.13, 3.39) ADE (X 10%)=11.83 (95%CTI: 9.09, 15.31)"""

ACME (X 107)=3.02 (95%CTI: 2.61, 3.39)"" ACME (X 10)=9.68 (95%CI: 8.14, 11.00)"""

Prop. Mediated (%):
35.9% (95%CI: 27.4%, 44.6%) """

Prop. Mediated (%):
31.4% (95%CI: 24.1%, 41.8%) ™™

ADE (X10°%)=5.53 (95%CI: 3.93, 7.59) ***

ADE (X106)=21.30 (95%C1:13.10, 29.00) |





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

    		Cover



  		

        Associations of systemic inflammation and systemic immune inflammation with serum uric acid concentration and hyperuricemia risk: the mediating effect of body mass index

      

        		

          Background

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          1 Introduction

        



        		

          2 Methods

        

          		

            2.1 Study population

          



          		

            2.2 SIRI and SII measurement

          



          		

            2.3 Serum uric acid level measurement and definition of hyperuricemia

          



          		

            2.4 BMI measurement

          



          		

            2.5 Covariate

          



          		

            2.6 Statistical analysis

          



        



        



        		

          3 Results

        

          		

            3.1 Basic characteristics of study participants

          



          		

            3.2 Comparison of SIRI, SII, and BMI between adults with hyperuricemia and without hyperuricemia

          



          		

            3.3 Associations of SIRI and SII with Uric acid concentration and hyperuricemia risk

          



          		

            3.4 Associations of SIRI, SII with BMI

          



          		

            3.5 Associations of BMI with uric acid concentration and hyperuricemia risk

          



          		

            3.6 Mediating effect of BMI in the associations of SIRI and SII with uric acid concentration and hyperuricemia risk.

          



        



        



        		

          4 Discussion

        



        		

          5 Conclusion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          Supplementary material

        



        		

          References

        



      



      



    



  



OEBPS/Images/fendo-15-1469637-g002.jpg
SIRI Index

Sl Index

-5 o 5 10

-2.5 0.0 2.5 5.0
Change in uric acid(umol/L)

SIRI Index

Sl Index

0.9

0.9

1.0 1.1
OR of hyperuricemia

i —
e
i

1.0 1.1
OR of hyperuricemia

1.2

1.2

@ Model 1

= Model 2
@ Model 3





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fendo-15-1469637-g004.jpg
BMI

10 20
Change in uric acid(umol/L)

30

BMI

1.0

1.5 2.0
OR of hyperuricemia

& Model 1

= Model 2
== Model 3





OEBPS/Images/fendo-15-1469637-g001.jpg
SIRI Index

Hyperuricemia Non-hyperuricemia

1500

-
-]
o
(o

Sl Index

500 -

BMI

Hyperuricemia Non-hyperuricemia

Hyperuricemia Non-hyperuricemia





OEBPS/Images/logo.jpg
, frontiers ’ Frontiers in Endocrinology





OEBPS/Images/M1.jpg
SIRT = (neutrophil count x monocyte count) / lymphocyte count

SIT = platelet count x nentrophil count/lymphocyte count





OEBPS/Images/fendo.2024.1469637_cover.jpg
& frontiers | Frontiers in Endocrinology

Associations of systemic inflammation and
systemic immune inflammation with serum
uric acid concentration and hyperuricemia
risk: the mediating effect of body mass
index





OEBPS/Images/fendo-15-1469637-g003.jpg
SIRI Index

0.0 0.2 0.4
Change in BMI (kg/m2)

Sll Index

0.0 0.2 0.4
Change in BMI (kg/m?)

% Model 1
2= Model 2

% Model 3





OEBPS/Images/table1.jpg
Hyperuricemia (n

Age (years), mean + SD 47.85 + 18.99 46.50 + 18.71 53.35+ 19.12 <0.001
BMI (kg/m?), mean + SD 28.15 £ 6.43 27.40 £ 6.01 3118 £7.13 <0.001
Sex, n (%) <0.001
Male 20187 (49.1) 15632 (47.4) 4555 (56.0)
Female 20949 (50.9) 17368 (52.6) 3581 (44.0)
Rece, n (%) <0.001
Mexican American 6509 (15.8) 5599 (17.0) 910 (11.2)
Other Hispanic 3527 (8.6) 3003 (9.1) 524 (6.4)
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Statistical analyses were conducted to compare differences between non-hyperuricemia and hyperuricemia adults using Student t-tests for normally distributed continuous variables and Mann-
Whitney U tests for non-normally distributed continuous variables. Chi-square tests were utilized for categorical variables to compare differences between non-hyperuricemia and
hyperuricemia adults.





