

[image: image1]
Association between advanced lung cancer inflammation index and acute gouty arthritis in Dalian, China: a cross-sectional study
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Introduction: Acute gouty arthritis (AGA) is an inflammatory joint disease. The advanced lung cancer inflammation index (ALI) evaluates inflammation. This study investigates the association between ALI and AGA.

Methods: We included 652 participants in this cohort study, dividing them into two groups: those with AGA and a control group without AGA. We employed logistic regression to examine the ALI-AGA relationship, using restricted cubic splines (RCS) to assess dose–response relationships, performing subgroup analyses, and conducting interaction tests. K-fold cross-validation was applied for model assessment. Receiver operating characteristic (ROC) curves were applied to visualize and compare the predictive value of ALI and other inflammatory indices for AGA.

Results: Among the 652 participants, the AGA group exhibited significantly lower ALI values compared to the control group. Multivariate logistic regression identified an inverse relationship between ALI and AGA. RCS analysis indicated an L-shaped non-linear relationship between ALI levels and AGA, with inflection points at an ALI of 23.38. Subgroup analyses showed no significant interactions between ALI levels and AGA after stratifying by age, hypertension, coronary heart disease (CHD), and diabetes (DM). The results from the ROC curves indicate that ALI may serve as a better predictor of AGA.

Conclusion: This cross-sectional study found a significant inverse correlation between ALI levels and AGA prevalence. Moreover, the ALI could serve as a more accurate diagnostic tool for AGA and offer a novel approach for further investigating the relationship between inflammation and AGA.
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Introduction

Gout, the most prevalent form of inflammatory arthritis (1), results from the deposition of monosodium urate (MSU) crystals into joint tissues due to systemic hyperuricemia (2). In 2020, approximately 55.8 million people worldwide were affected by gout, representing a 22.5% increase since 1990. The number of males is 3.26 times that of females, and this disparity increases with age, suggesting a higher prevalence of gout in males (3). Gout can present in multiple forms, including acute gout flare (known as acute arthritis), chronic gouty arthritis, tophaceous gout (which involves the formation of tophi), impaired renal function, and urolithiasis (kidney stones) (4). Acute gouty arthritis (AGA) is a common ailment, especially among middle-aged and elderly populations (5). AGA manifests with intense joint pain, redness, warmth, and welling, affecting one or more joints and can evolve into chronic destructive arthropathy (6). Untreated joints can become stiff and malformed, significantly increasing the financial burden of treatment, deteriorating the quality of life, and possibly leading to disability. AGA is triggered by the deposition of MSU, which acts as an endogenous danger signal, leading to significant neutrophil infiltration in the affected joints (7). This influx activates the body’s innate immune response, triggering the release of pro-inflammatory cytokines such as IL-1β, TNF-α, and IL-6 through the NLRP3 inflammasome pathway, which in turn initiates the inflammatory cascade (8–10). These cells, along with other immune cells, secrete immunomodulatory cytokines, causing inflammation and pain (11–13). Moreover, inflammation can lead to the accumulation of adipocytes and insulin resistance through inflammatory mediators like TNF-α and CRP, resulting in alterations in albumin levels and body weight (14). Studies have shown that inflammation reduces albumin levels and body mass index (BMI) (15–18). Thus, a single inflammatory index may not accurately estimate AGA due to these complexities. While previous studies on AGA have often focused on individual inflammatory markers.

The advanced lung cancer inflammation index (ALI), which includes BMI, albumin, and neutrophil to lymphocyte ratio (NLR), was initially developed for lung cancer (19–22), but has since been applied to other cancers including esophageal, pancreatic, and gastric cancers (17, 23–25). Given ALI’s comprehensive role in assessing inflammation, its utility has been extended to studying the prognosis of inflammation-related diseases such as hypertension, heart failure, and coronary artery disease (26–29). The relationship between the ALI and AGA remains unexplored, underscoring the need for further investigation. Given that gout predominantly affects males, this study examines the association between ALI—a comprehensive indicator combining inflammation and nutritional status—and its impact on AGA in males. The study aims to provide robust, flexible modeling to capture complex relationships and offer a more comprehensive understanding of potential variations in AGA.



Materials and methods


Study population

The clinical data of 168 patients diagnosed with primary acute gouty arthritis, as per the 2015 American College of Rheumatology criteria (30), were retrospectively analyzed. These patients were admitted to the Department of Endocrinology and Rheumatology between 2014 and 2024. Concurrently, 558 individuals from the physical examination department served as healthy controls, totaling 726 participants. Initially, 716 male participants aged 18 to 80 years were selected. From this group, 12 individuals were excluded: two with secondary gout due to leukemia, hemolytic anemia, or multiple myeloma, and 10 with severe liver or kidney damage and malignant tumors. Furthermore, 52 participants lacking complete data on BMI, albumin levels, and NLR were also excluded. Ultimately, 652 participants were included in this cohort study and were divided into two groups: those with acute gouty arthritis (AGA group) and controls (control group), as illustrated in Figure 1.
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FIGURE 1
 Screening flowchart.




Calculation of inflammatory indices

Advanced lung cancer inflammation index was calculated with the formula: BMI (kg/m2) × albumin (g/dL)/NLR.

Neutrophil to lymphocyte ratio was calculated with the formula: neutrophil counts (109/L)/lymphocyte counts (109/L).

Systemic inflammation response index (SIRI) was calculated with the formula: neutrophil counts (109/L) × monocyte counts (109/L)/lymphocyte counts (109/L).

Systemic immune inflammation index (SII) was calculated with the formula: neutrophil counts (109/L) × platelet counts (109/L)/lymphocyte counts (109/L).

Pan-immune-inflammation value (PIV) was calculated with the formula: [neutrophil count (109/L) × platelet count (109/L) × monocyte count (109/L)]/lymphocyte count (109/L).

Hemoglobin, albumin, lymphocyte, and platelet (HALP) score was calculated with the formula: hemoglobin (g/L) × albumin (g/L) × lymphocyte count (109/L)/platelet count (109/L).



Covariates

Age, sex, smoking status, alcohol consumption, and the history of hypertension, diabetes (DM), and coronary heart disease (CHD) were self-reported by participants. Self-reported data is a common practice in epidemiological studies (31). Upon admission, body weight, height, systolic blood pressure (SBP), and diastolic blood pressure (DBP) were measured. The BMI was calculated as weight divided by height squared. Laboratory measurements included triglycerides (TG), high-density lipoprotein cholesterol (HDL), low-density lipoprotein cholesterol (LDL), glucose (Glu), creatinine (Cr), uric acid (UA), albumin, neutrophil counts, and lymphocyte counts, monocyte count, platelet count, and hemoglobin.



Statistical analysis

Normality tests were performed on all data, and the Mann–Whitney U-test was applied to variables that did not follow a normal distribution. The results are presented as median values with interquartile ranges (Q25, Q75). Frequency and percentage (n%) were used to characterize categorical variables, and the chi-square test was used to determine group differences. A multifactorial logistic regression was used to explore the relationship between ALI and AGA. In the absence of predefined cut-off points, the interquartile method was used for analysis. Three analytical models were developed: Model 1 (unadjusted), Model 2 (adjusted for age), and Model 3 (adjusted for multiple variables including age, HDL, Glu, Cr, UA, Hypertension). The dose–response curves between ALI and AGA were analyzed using 4-knot restricted cubic splines (RCS). Subgroup analyses were conducted to explore potential modifications by covariates such as age, hypertension, CHD, and DM might modify the relationship between ALI and AGA, considering interactions significant at p < 0.05. The predictive capacity of ALI for AGA was assessed using ROC curve analysis, obtaining area under the curve (AUC), sensitivity, and specificity values. As part of the model validation process, we employed k-fold cross-validation (k = 10) to rigorously assess the predictive performance of our multivariate logistic regression model. All statistical analyses were performed using EmpowerStats (version 4.2) and R software (version 4.3.2), considering a two-sided p-value of less than 0.05 as statistically significant.




Results


Baseline characteristics

We initially extracted data for 726 participants from those with AGA attending endocrinology and rheumatology departments and a non-gout population visiting the physical examination department. After applying inclusion and exclusion criteria, 652 participants were deemed eligible. The prevalence of AGA in the study population was 24.39%. The mean age of all included individuals was 55.00 years. As detailed in Table 1, the AGA group exhibited higher values for BMI, Glu, ALT, Cr, UA, neutrophils, the prevalence of hypertension, NLR, SII, SIRI, and PIV compared to the control group. Conversely, the AGA group showed significantly lower levels of age, TC, HDL, albumin, lymphocytes, hemoglobin and HALP relative to the control group. The AGA group also had significantly lower values for the ALI compared to controls. The overall average ALI in our study was 56.67, as shown in Table 1.



TABLE 1 Baseline characteristics.
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Association between ALI and AGA

To investigate the relationship between ALI and AGA, we developed three multivariate logistic regression models. As detailed in Table 2, the potential confounding factors adjusted in each model were presented in the method section. The odds ratios (ORs) of ALI were 0.96 (95%CI, 0.95–0.97), 0.95 (95% CI, 0.94–0.96), and 0.95 (95% CI, 0.94–0.97), respectively, in Model 1 (no adjustment), Model 2 (adjusted for age), and Model 3 (adjusted for age, HDL, Glu, Cr, UA, Hypertension). To verify the accuracy of our results, we performed a sensitivity analysis examining the relationship between different quartile groups of ALI. In model 3, the ORs were 0.16 (95%CI, 0.08–0.33) for Q2, 0.09 (95%CI, 0.04–0.20) for Q3, and 0.04 (95%CI, 0.02–0.10) for Q4 compared to Q1. A progressive strengthening of these associations across quartiles was observed, indicating a significant positive trend (P for trend < 0.05). For assess the model’s predictive performance and generalizability, we used a K-fold cross-validation (k = 10). In 10-fold cross-validation for the three models, Model 1 achieved a ROC of 0.786, with a sensitivity of 95.53% and a specificity of 38.33%. Model 2 showed an improvement with a ROC of 0.819, sensitivity of 94.94%, and specificity of 43.96%. Model 3 demonstrated the highest ROC at 0.864, though it had a lower sensitivity of 51.86%, it achieved a high specificity of 95.52%.



TABLE 2 Relationship between ALI and AGA.
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RCS curves fitting

Using 4-knots RCS curves fitting, we analyzed the dose–response relationship between ALI and AGA. As detailed in Figure 2, following adjustments for multiple confounding variables, the RCS analysis indicated that an L-shaped non-linear relationship existed between ALI levels and AGA, with statistical significance (p < 0.05). The study identified an inflection point for AGA at 23.38. The findings from the RCS fitting are consistent with those obtained from multivariate regression analysis.

[image: Figure 2]

FIGURE 2
 The dose–response relationship between ALI and AGA. Graphs show OR for AGA adjusted for age, HDL, Glu, Cr, UA, Hypertension. Data were fitted by multivariate logistic regression models. Solid lines indicate OR, and shadow shapes indicate 95% CIs.




Subgroup analysis

We performed a subgroup analysis based on age, hypertension, CHD and DM to assess the robustness of our results across different groups. The results of the subgroup analysis were displayed in Figure 3, showing consistency across all subgroups. We fully adjusted the model for age, HDL, Glu, Cr, UA, hypertension. No significant interactions were observed between AGA and ALI level in subgroup analysis, with all p-values for interaction exceeding 0.05.

[image: Figure 3]

FIGURE 3
 Subgroup analysis for the association of ALI and AGA. Subgroup analysis of the association between ALI and AGA, stratified by age, hypertension, CHD, and DM. Each square in the forest plot represents an estimated Odds Ratio (OR) for a specific subgroup. The size of the square is usually proportional to the statistical weight or sample size of that estimate. “P for interaction” tests whether there is any interaction between the subgroups.




ROC analysis of ALI and other inflammatory indices for predicting AGA

To further investigate the diagnostic performance of ALI and other inflammatory indices in predicting AGA, we conducted ROC curve analyses and assessed the diagnostic potential using the AUC values and optimal cut-off values. ALI, along with five other inflammatory indices, demonstrated the ability to identify AGA. The AUC value of ALI (0.782) was significantly higher than those of NLR (0.780), SII (0.777), SIRI (0.755), PIV (0.737), and HALP (0.658). The optimal cut-off values for ALI, NLR, SII, SIRI, PIV, and HALP were 46.28, 2.39, 516.15, 1.07, 249.86, and 37.02, respectively. These results suggest that ALI may be superior to NLR, SII, SIRI, PIV, and HALP in diagnosing AGA (Table 3 and Figure 4).



TABLE 3 Receiver operating characteristic (ROC) curves for the prediction of AGA by inflammatory indices.
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FIGURE 4
 Receiver operating characteristic (ROC) curve for AGA prevalence. Predicting AGA using Receiver Operating Characteristic (ROC) curve. Comparison of area under curve (AUC) value between ALI, NLR, SII, SIRI, PIV, and HALP. The black curve represents ALI, the red curve represents the NLR, the green curve represents SII, the blue curve represents SIRI, the teal curve represents PIV, and the pink curve represents HALP.





Discussion

In this cross-sectional investigation, we utilized ALI as an indicator of inflammation in relation to AGA. Our findings demonstrated a strong inverse relationship between increased levels of ALI and reduced risk of AGA, persisting even after adjusting for various confounders. The negative correlation became more pronounced across quartiles, exhibiting a significant upward trend (P for trend <0.05). RCS analyses indicated an L-shaped non-linear association between ALI and AGA, where levels decline to a certain point and then stabilize, with the turning point identified at 23.38. This relationship was consistent across different demographic and health conditions including age, hypertension, CHD, and DM. These findings support the association of ALI with AGA risk. This research marks the first exploration of the potential connections between ALI and AGA in the Dalian area of China.

This study demonstrates an L-shaped non-linear relationship between ALI and AGA. To investigate the reasons, consider three aspects. Firstly, NLR reflects the dynamic interaction between innate (neutrophil) and adaptive cellular immune responses (lymphocyte) during disease and various pathological states. Monosodium urate crystals can directly recruit neutrophils to accumulate in joints during acute gout attacks (32, 33). Neutrophils phagocytose the crystals, produce reactive oxygen species (ROS) via the NADPH enzyme, and released a variety of neutrophil chemoattractants. Recruited and activated neutrophils promote the massive release of inflammatory mediators and aggravate joint inflammation (34). Systemic inflammation typically results in increased neutrophils and decreased lymphocytes (33). It has been suggested that lymphocyte counts are low in patients with gouty arthritis and play a crucial role in the resolution and repair of inflammation (35). The above mechanism may explain the change of NLR in acute gouty arthritis and is also consistent with previous studies (36, 37). Secondly, albumin is the most commonly used indicator for nutritional assessment. During acute inflammation, inflammatory factors inhibit protein synthesis. Crevel et al. (38) noted that elevations proinflammatory cytokines suppress albumin production during cachexia. In comparison, the high albumin group exhibited significantly lower levels of TNF and CRP compared to the low albumin group (39). In the present study, we noted a decrease in albumin levels in the AGA group relative to the control group, consistent with the above. Finally, because high BMI is a well-established risk factor for gout, it is critical to take this factor into account when evaluating the association. Research indicates that greater body mass index increases risk of gout (40, 41). Therefore, ALI which integrates the NLR, albumin and BMI, provides a more comprehensive reflection of inflammation in AGA. However, further research is required to elucidate this association fully. Notably, the inflection point for AGA was identified at 23.38. The study suggested that exceeding this inflection point does not increase the risk of AGA when ALI is elevated. This indicates that clinically, caution is warranted for patients with ALI values below this threshold, as maintaining specific ALI levels may reduce the risk of AGA. These results suggest that keeping ALI levels within a specific range, such as managing body weight and maintaining normal albumin levels, is essential in clinical settings for managing AGA patients. The findings are consistent across different subgroups stratified by age, hypertension, CHD, and DM.

Recent studies have aimed to identify the most effective inflammatory markers for predicting AGA in Chinese populations. The blood inflammation response index is a novel, non-specific marker that incorporates the NLR, SII, and SIRI. These indices offer a more comprehensive assessment of systemic inflammation. The study found that these indices are significantly associated with the severity of inflammation and outcomes in gouty arthritis (37). In this study, we considered the PIV and HALP when comparing the predictive performance of the ALI with other indices. PIV is a novel biomarker that assesses both immune and inflammatory status in patients (42). Additionally, the HALP score, which integrates hemoglobin, albumin, lymphocyte count, and platelet count, provides a comprehensive evaluation of both the inflammatory response and nutritional status (43). Although these markers have not been extensively studied for predicting AGA, their potential in this area warrants further exploration. In our study, we compared the predictive performance of ALI with NLR, SII, SIRI, PIV, and HALP. We found that ALI demonstrated the strongest predictive power for AGA in men, as indicated by its highest AUC value. Thus, our study makes a significant contribution to the existing literature on this topic.

Our findings have potential clinical implications. While traditional clinical criteria and serum uric acid levels remain essential for diagnosing and managing AGA, the ALI may provide additional insights, particularly in complex cases characterized by systemic inflammation. First, utilizing ALI for risk stratification could improve our understanding of how different subgroups respond to treatment, potentially leading to more personalized therapeutic approaches. Moreover, ALI could serve as a valuable biomarker for monitoring systemic inflammation dynamics in AGA patients. Finally, elevated ALI scores may predict flare-ups or disease deterioration, thereby facilitating the implementation of appropriate therapeutic interventions.

Our study offers several strengths and acknowledges certain limitations. Strengths include the use of a geographically consistent sample of AGA patients from Dalian, China, which minimizes sample bias and enhances representativeness. To improve the external validity of our results, we compared key variables in our sample—such as age, BMI, and the prevalence of hypertension and diabetes—with data from the following studies: According to the study Trends of Gout Disease Burden in China from 1990 to 2019 and Forecast for the Next 10 Years (44), the peak age for male patients with gout is between 45 and 69 years. In this study, the median age of male patients with acute gout was 53 years (range 40–62.5 years), which corresponds to the typical age of gout attacks. A study by Aune et al. (41) demonstrated that higher BMI increases the risk of gout. The relative risks for gout were 1.78, 2.67, 3.62, and 4.64 for BMIs of 25, 30, 35, and 40 kg/m2, respectively, compared to a BMI of 20 kg/m2. Choi et al. (45) showed that gout patients with a BMI of 25–29.9 kg/m2 had a 1.95 times higher risk of gout than those with a BMI of 21–22.9 kg/m2. A study conducted by North Sichuan Hospital on the influence of inflammatory factors on acute pain (37) found that the average BMI of acute gout patients was 25.79 ± 3.40. In our study, the BMI was 26.4 (range 24.10–29.25), which is similar to these findings. According to the Chinese Guidelines for Diagnosis and Treatment of Hyperuricemia and (46), 47.2–77.75% of patients with hyperuricemia and gout also have hypertension, and 12.2–26.9% have diabetes (46). In our study, the prevalence of hypertension and diabetes among patients with acute gout was 45.28 and 10.06%, respectively, which is similar to the results reported in these studies. Additionally, a study by North Sichuan Hospital on the influence of inflammatory factors on acute gout (37) found that the prevalence of diabetes was 8.6%, which is comparable to our findings. Through these comparisons, we believe that our sample is representative of the general population, thereby enhancing the external validity of our research results. Meanwhile, we employed multiple logistic regression analysis, stratified analysis, and interaction analysis to account for various confounding factors, thereby bolstering the reliability of our results. Finally, we have reviewed comparable studies and found that our sample size is neither excessively large nor insufficiently small (36, 37, 47), ensuring the reliability of our findings. Limitations of this study are notable: (1) It did not consider significant AGA influencing factors such as diet and medication, limiting our ability to fully address these potential confounders. (2) In this study, the collection of medical history—specifically hypertension, diabetes, and coronary heart disease—was based on self-reported data from patients, which may introduce potential bias and affect the reliability of the study’s findings. (3) Compared to cohort studies, our cross-sectional study design restricts the capacity to investigate etiology and prognostic factors, necessitating further research with more comprehensive clinical data and additional cohort studies.



Conclusion

Our research demonstrated a significant association between higher ALI levels and a reduced risk of AGA. The data suggested that ALI and AGA exhibit an L-shaped non-linear relationship, and ALI may serve as a more accurate predictor of AGA. The study highlights the potential utility of ALI in monitoring both the inflammatory and nutritional status of individuals with AGA.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The studies involving humans were approved by Ethics Committee of Dalian Central Hospital. 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

ZX: Data curation, Methodology, Writing – original draft,Writing – review & editing. ZG: Supervision, Writing – review & editing. LL: Supervision, Writing – review & editing.



Funding

The author(s) declare that no financial support was received for the research, authorship, and/or publication of this article.



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.



Generative AI statement

The authors declare that no Gen AI was used in the creation of this manuscript.



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.



References

 1. Singh, JA, and Gaffo, A. Gout epidemiology and comorbidities. Semin Arthritis Rheum. (2020) 50:S11–6. doi: 10.1016/j.semarthrit.2020.04.008 

 2. Weaver, JS, Vina, ER, Munk, PL, Klauser, AS, Elifritz, JM, and Taljanovic, MS. Gouty Arthropathy: review of clinical manifestations and treatment, with emphasis on imaging. J Clin Med. (2021) 11:166. doi: 10.3390/jcm11010166 

 3. GBD 2021 Gout Collaborators. Global, regional, and national burden of gout, 1990-2020, and projections to 2050: a systematic analysis of the global burden of disease study 2021. Lancet Rheumatol. (2024) 6:e507–17. doi: 10.1016/S2665-9913(24)00117-6

 4. Bursill, D, Taylor, W, Terkeltaub, R, Abhishek, A, So, A, Vargas-Santos, A , et al. Gout, hyperuricaemia and crystal-associated disease network (G-CAN) consensus statement regarding labels and definitions of disease states of gout. Ann Rheum Dis. (2019) 78:1592–600. doi: 10.1136/annrheumdis-2019-215933 

 5. Guo, J, Sun, D, Xu, X, Liu, P, and Sun, H. Relief effects of Laoshan cherry extracts as a dietary supplement against the symptoms of acute gouty arthritis in rats induced by urate crystals. J Food Sci. (2023) 88:1188–96. doi: 10.1111/1750-3841.16462 

 6. Dalbeth, N, Gosling, A, Gaffo, A, and Abhishek, A. Gout. Lancet. (2021) 397:1843–55. doi: 10.1016/S0140-6736(21)00569-9

 7. Hassani, M, Hellebrekers, P, Chen, N, Aalst, CV, Bongers, S, Hietbrink, F , et al. On the origin of low-density neutrophils. J Leukoc Biol. (2020) 107:809–18. doi: 10.1002/JLB.5HR0120-459R 

 8. Yin, C, Liu, B, Li, Y, Li, X, Wang, J, Chen, R , et al. IL-33/ST2 induces neutrophil-dependent reactive oxygen species production and mediates gout pain. Theranostics. (2020) 10:12189–203. doi: 10.7150/thno.48028 

 9. Mantovani, A, Cassatella, M, Costantini, C, and Jaillon, S. Neutrophils in the activation and regulation of innate and adaptive immunity. Nat Rev Immunol. (2011) 11:519–31. doi: 10.1038/nri3024 

 10. Eleftheriadis, T, Pissas, G, Karioti, A, Antoniadi, G, Golfinopoulos, S, Liakopoulos, V , et al. Uric acid induces caspase-1 activation, IL-1β secretion and P2X7 receptor dependent proliferation in primary human lymphocytes. Hippokratia. (2013) 17:141–5.

 11. Liu, Y, Zhao, Q, Yin, Y, McNutt, M, Zhang, T, and Cao, Y. Serum levels of IL-17 are elevated in patients with acute gouty arthritis. Biochem Biophys Res Commun. (2018) 497:897–902. doi: 10.1016/j.bbrc.2018.02.166 

 12. Gu, H, Yu, H, Qin, L, Yu, H, Song, Y, Chen, G , et al. MSU crystal deposition contributes to inflammation and immune responses in gout remission. Cell Rep. (2023) 42:113139. doi: 10.1016/j.celrep.2023.113139 

 13. Yang, B, Ma, D, Zhu, X, Wu, Z, An, Q, Zhao, J , et al. Roles of TRP and PIEZO receptors in autoimmune diseases. Expert Rev Mol Med. (2024) 26:e10. doi: 10.1017/erm.2023.23 

 14. Gökhan, SH. Inflammation, metaflammation and immunometabolic disorders. Nature. (2017) 542:177–85. doi: 10.1038/nature21363 

 15. Merker, M, Felder, M, Gueissaz, L, Bolliger, R, Tribolet, P, Kägi-Braun, N , et al. Association of Baseline Inflammation with Effectiveness of nutritional support among patients with disease-related malnutrition: a secondary analysis of a randomized clinical trial. JAMA Netw Open. (2020) 3:e200663. doi: 10.1001/jamanetworkopen.2020.0663 

 16. Aldhwayan, M, Al-Najim, W, Ruban, A, Glaysher, M, Johnson, B, Chhina, N , et al. Does bypass of the proximal small intestine impact food intake, preference, and taste function in humans? An experimental medicine study using the duodenal-Jejunal bypass liner. Nutrients. (2022) 14:2141. doi: 10.3390/nu14102141 

 17. Dou, L, Shi, M, Song, J, Niu, X, Niu, J, Wei, S , et al. The prognostic significance of C-reactive protein to albumin ratio in newly diagnosed acute myeloid Leukaemia patients. Cancer Manag Res. (2022) 14:303–16. doi: 10.2147/CMAR.S343580 

 18. Azab, B, Daoud, J, Naeem, F, Nasr, R, Ross, J, Ghimire, P , et al. Neutrophil-to-lymphocyte ratio as a predictor of worsening renal function in diabetic patients (3-year follow-up study). Ren Fail. (2012) 34:571–6. doi: 10.3109/0886022X.2012.668741 

 19. Jafri, SH, Shi, R, and Mills, G. Advance lung cancer inflammation index (ALI) at diagnosis is a prognostic marker in patients with metastatic non-small cell lung cancer (NSCLC): a retrospective review. BMC Cancer. (2013) 13:158. doi: 10.1186/1471-2407-13-158 

 20. Mandaliya, H, Jones, M, Oldmeadow, C, and Nordman, II. Prognostic biomarkers in stage IV non-small cell lung cancer (NSCLC): neutrophil to lymphocyte ratio (NLR), lymphocyte to monocyte ratio (LMR), platelet to lymphocyte ratio (PLR) and advanced lung cancer inflammation index (ALI). Transl Lung Cancer Res. (2019) 8:886–94. doi: 10.21037/tlcr.2019.11.16 

 21. Song, M, Zhang, Q, Song, C, Liu, T, Zhang, X, Ruan, G , et al. The advanced lung cancer inflammation index is the optimal inflammatory biomarker of overall survival in patients with lung cancer. J Cachexia Sarcopenia Muscle. (2022) 13:2504–14. doi: 10.1002/jcsm.13032 

 22. Mountzios, G, Samantas, E, Senghas, K, Zervas, E, Krisam, J, Samitas, K , et al. Association of the advanced lung cancer inflammation index (ALI) with immune checkpoint inhibitor efficacy in patients with advanced non-small-cell lung cancer. ESMO Open. (2021) 6:100254. doi: 10.1016/j.esmoop.2021.100254 

 23. Huo, C, Liu, Y, Xie, F, Zhao, L, Huang, H, and Feng, Q. Advanced lung cancer inflammation index predicts the outcomes of patients with non-metastatic gastric cancer after radical surgical resection. J Gastrointest Oncol. (2023) 14:1653–4. doi: 10.21037/jgo-23-315 

 24. Ji, F, Ying, H, and Qi, X. A new inflammation index is useful for patients with esophageal squamous cell carcinoma. Onco Targets Ther. (2014) 7:1811–5. doi: 10.2147/OTT.S68084 

 25. Topkan, E, Mertsoylu, H, Ozdemir, Y, Sezer, A, Kucuk, A, Besen, AA , et al. Prognostic usefulness of advanced lung Cancer inflammation index in locally-advanced pancreatic carcinoma patients treated with radical Chemoradiotherapy. Cancer Manag Res. (2019) 11:8807–15. doi: 10.2147/CMAR.S222297 

 26. Yuan, X, Huang, B, Wang, R, Tie, H, and Luo, S. The prognostic value of advanced lung cancer inflammation index (ALI) in elderly patients with heart failure. Front Cardiovas Med. (2022) 9:934551. doi: 10.3389/fcvm.2022.934551 

 27. Tu, J, Wu, B, Xiu, J, Deng, J, Lin, S, Lu, J , et al. Advanced lung cancer inflammation index is associated with long-term cardiovascular death in hypertensive patients: national health and nutrition examination study, 1999-2018. Front Physiol. (2023) 14:1074672. doi: 10.3389/fphys.2023.1074672 

 28. Fan, W, Zhang, Y, Liu, Y, Ding, Z, Si, Y, Shi, F , et al. Nomograms based on the advanced lung Cancer inflammation index for the prediction of coronary artery disease and calcification. Clin Appl Thromb Hemost. (2021) 27:10760296211060455. doi: 10.1177/10760296211060455 

 29. Maeda, D, Kanzaki, Y, Sakane, K, Ito, T, Sohmiya, K, and Hoshiga, M. Prognostic impact of a novel index of nutrition and inflammation for patients with acute decompensated heart failure. Heart Vessel. (2020) 35:1201–8. doi: 10.1007/s00380-020-01590-4 

 30. Louthrenoo, W, Jatuworapruk, K, Lhakum, P, and Pattamapaspong, N. Performance of the 2015 American College of Rheumatology/European league against rheumatism gout classification criteria in Thai patients. Rheumatol Int. (2017) 37:705–11. doi: 10.1007/s00296-017-3708-3

 31. Fang, L, Li, X, Fang, Y, Wang, Y, Wang, R, Xie, Y , et al. Association between weight-adjusted-waist index and gynecologic cancers: a population-based study. Front Nutr. (2024) 11:1449643. doi: 10.3389/fnut.2024.1449643 

 32. Schorn, C, Janko, C, Krenn, V, Zhao, Y, Munoz, L, Schett, G , et al. Bonding the foe – NETting neutrophils immobilize the pro-inflammatory monosodium urate crystals. Front Immunol. (2012) 3:376. doi: 10.3389/fimmu.2012.00376 

 33. Mitroulis, I, Kambas, K, Chrysanthopoulou, A, Skendros, P, Apostolidou, E, Kourtzelis, I , et al. Neutrophil extracellular trap formation is associated with IL-1β and autophagy-related signaling in gout. PLoS One. (2011) 6:e29318. doi: 10.1371/journal.pone.0029318 

 34. Jin, Z, Cai, G, Zhang, P, Li, X, Yao, S, Zhuang, L , et al. The value of the neutrophil-to-lymphocyte ratio and platelet-to-lymphocyte ratio as complementary diagnostic tools in the diagnosis of rheumatoid arthritis: a multicenter retrospective study. J Clin Lab Anal. (2021) 35:e23569. doi: 10.1002/jcla.23569 

 35. Oehadian, A, Suryadinata, H, Dewi, S, Pramudyo, R, and Alisjahbana, B. The role of neutrophyl lymphocyte count ratio as an inflammatory marker in systemic lupus erythematosus. Acta Med Indones. (2013) 45:170–4.

 36. Wu, H, Zhou, H, and Chen, P. Correlation of neutrophil-lymphocyte ratio (NLR), platelet-lymphocyte ratio (PLR), and mean platelet volume (MPV) with gout activity: a monocentric and retrospective study. Medicine. (2022) 101:e30242. doi: 10.1097/MD.0000000000030242 

 37. Jiang, Y, Tu, X, Liao, X, He, Y, Wang, S, Zhang, Q , et al. New inflammatory marker associated with disease activity in gouty arthritis: the systemic inflammatory response index. JIR. (2023) 16:5565–73. doi: 10.2147/JIR.S432898 

 38. Crevel, R, Ottenhoff, T, and Meer, J. Innate immunity to Mycobacterium tuberculosis. Clin Microbiol Rev. (2002) 15:294–309. doi: 10.1128/CMR.15.2.294-309.2002 

 39. Arie, U, Eddy, R, and David, SP. Effects of albumin infusion on serum levels of albumin, Proinflammatory cytokines (TNF-α, IL-1, and IL-6), CRP, and MMP-8; tissue expression of EGRF, ERK1, ERK2, TGF-β, collagen, and MMP-8; and wound healing in Sprague Dawley rats. Int J Inflam. (2020) 2020:3254017–3. doi: 10.1155/2020/3254017 

 40. Pl, E, Prior, J, Belcher, J, Mallen, C, Hay, C, and Roddy, E. Obesity, hypertension and diuretic use as risk factors for incident gout: a systematic review and meta-analysis of cohort studies. Arthritis Res Ther. (2018) 20:136. doi: 10.1186/s13075-018-1612-1 

 41. Aune, D, Norat, T, and Vatten, L. Body mass index and the risk of gout: a systematic review and dose-response meta-analysis of prospective studies. Eur J Nutr. (2014) 53:1591–601. doi: 10.1007/s00394-014-0766-0 

 42. Turan, Y. The prognostic importance of the pan-immune-inflammation value in patients with septic shock. BMC Infect Dis. (2024) 24:69. doi: 10.1186/s12879-023-08963-w 

 43. Xu, H, Zheng, X, Ai, J, and Yang, L. Hemoglobin, albumin, lymphocyte, and platelet (HALP) score and cancer prognosis: a systematic review and meta-analysis of 13,110 patients. Int Immunopharmacol. (2023) 114:109496. doi: 10.1016/j.intimp.2022.109496 

 44. Fang, J, Feng, T, Zhou, Z, Li, Z, Yan, D, and Lin, K. Trend analysis of gout burden in China from 1990 to 2019 and prediction for the next ten years. Chin Gen Pract. (2024) 27:245. doi: 10.12114/j.issn.1007-9572.2023.0505

 45. Choi, H, Atkinson, K, Karlson, E, and Curhan, G. Obesity, weight change, hypertension, diuretic use, and risk of gout in men: the health professionals follow-up study. Arch Intern Med. (2005) 165:742–8. doi: 10.1001/archinte.165.7.742 

 46. Guideline for the diagnosis and management of hyperuricemia and gout in China (2019). ResearchGate. Available at: https://www.researchgate.net/publication/362024586_Guideline_for_the_diagnosis_and_management_of_hyperuricemia_and_gout_in_China2019 (accessed January 22, 2025)

 47. Yan, J, and Liu, Y. Correlation of systemic immune inflammation and serum uric acid with gout: based on NHANES. Clin Rheumatol. (2025) 44:425–32. doi: 10.1007/s10067-024-07271-1 


Copyright
 © 2025 Xiu, Gao and Luo. 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.

OPS/images/fnut-12-1511642-t001.jpg
Variable Overall Control Acute gouty arthritis P-value

N =652 N =493 N =159
ALI (mean) 56.67 (38.72, 76.93) 63.46 (46,5, 82.45) 34,06 (19.15,53.24) <005
Age (years) 55.00(45.00, 63.00) 5600 (47.00, 64.00) 53.00 (40.00, 62.50) <0.05
SBP (mmHg) 130 (122, 140) 130 (123, 140) 130(120, 140) 007
DBP (mmHg) 83 (78,90) 83(78,91) 80.00 (78, 90) 0.12
BMI (Kg/m) 25.10 (23.00, 27.70) 24.80 (22,80, 27.30) 2640 (24.10,29.25) <0.05
TG (mmol/L) 136 (0.96,197) 134(0.95,1.95) 137 (0.98,2.00) 0.48
HDL (mmol/L) 1.00(0.87,1.16) 1.03(090,121) 091076, 1.05) <005
LDL (mmol/L) 295(2.35,3.48) 298(239,3.51) 288 (2.23,3.39) 020
Glu (mmol/L) 5.17 (470, 5.76) 500 (4.68, 5.62) 544 (4.88,6.11) <0.05
Cr (umol/L) 7360 (6.0, 82.80) 7155 (65.10, 78.23) 8635 (73.70, 103.15) <005
UA (umol/L) 390.00 (329.50, 455.00) 374,50 (322.00, 433.00) 45800 (372.00, 547.00) <005
Albumin (g/dL) 430 (4.04,4.52) 436 (4.11,4.56) 407 (3.82,4.41) <005
Neutrophils (x10°/L) 354(28,4.62) 3.25(2:66,4.02) 540 (4.05,7.26) <0.05
Lymphocytes (x10°/L) 1.85 (146, 2.30) 190 (1,50, 231) 172(1.23,221) <0.05
Monocyte (x10'/L) 0.38 (030, 0.46) 0.38(0.30,0047) 0.38 (0.30,0.43) 022
Platelet (x10%L) 219.00 (177.00, 264.25) 216,00 (178.00, 262.00) 22600 (176,00, 276.00) 0.19
Hemoglobin (g/L) 136,00 (124.00, 148.00) 140.00 (129.00, 150.00) 128,00 (113.00, 136.00) <0.05
Hypertension (%) <0.05
0 486 (74.54%) 399 (80.93%) 87 (54.72%)
1 166 (25.46%) 94/(19.07%) 72(45.28%)
CHD (%) 022
0 636 (97.55%) 483 (97.97%) 153.(96.23%)
1 16 (2.45%) 10 (2.03%) 6(3.77%)
DM (%) 055
0 594 (91.10%) 451 (91.48%) 143 (89.94%)
1 58 (8.90%) 42 (8.52%) 16 (10.06%)
Drinking alcohol (%) 053
0 388 (59.51%) 290 (58.82%) 98 (61.64%)
1 264 (40.49%) 203 (41.18%) 61 (38.36%)
Smoking (%) 015
0 345 (5291%) 253 (51.32%) 92 (57.86%)
1 307 (47.09%) 240 (48.68%) 67 (42.14%)
NLR 1.89 (1.43, 2.70) 172(1.34,2.19) 320(210,5.33) <0.05
st 408.92 (290.66, 612.74) 363.09 (268.21,500.19) 691.93 (443.84, 1239.43) <0.05
SIRI 0.74(051,1.07) 065 (0.47, 0.90) 116(0.75,1.81) <005
PIV 150,85 (103.16, 246.74) 141,05 (93.92, 198.18) 25811 (148.92, 446.24) <0.05
HALP 4840 (34.49, 66.94) 5076 (38.35, 69.45) 3754 (22.80,56.59) <0.05

For continuous variables, the median (Q25, Q75) was calculated and compared using the Mann-Whitney U-test. For categorical variables, percentages were used and the p-value was
calculated using the chi-square test, AL advanced lung cancer inflammation index; SBP,systolic blood pressure; DB, diastolic blood pressure; BMI, body mass index; TG, tiglycerides; HDL,
high-density lipoprotein; DL, low-density ipoprotein; Glu, glacose; Cr, creatinine; UA, uric acid; CHID, coronary heart disease; DM, diabetes melltus; NLR, neutrophil-to-lymphocyte ratio;
SII, systemic immune inflammation index; SIRI, systemic inflammation response index; PIV, pan-immune-inflammation value; HALP, hemoglobin, albumin, lymphocyte, and platelet.






OPS/images/fnut-12-1511642-t002.jpg
Model 1 Model 2 Model 3

OR (95%Cl) P-value OR (95%CI) P-value OR (95%Cl)
ALL 0.96 (0.95,0.97) <0.05 0.95(0.94,0.96) <005 0.95 (094,0.96) <0.05
Qi 10 (Ref) 1.0 (Ref) 10 (Ref)
Q 0.23(0.140.37) <0.05 0.19.(0.11,031) <0.05 0.16 (0080.31) <0.05
Q@ 0.1 (0.06,0.20) <0.05 0.09(0.05,0.16) <005 0.09 (0.040.20) <0.05
Qi 0.07(0.040.13) <0.05 0,05 (0.03,0.10) <005 0.04(0.020.10) <0.05
P-trend <0.05 <0.05 <0.05

Q1 3.99-38.73, Q2 38.74-56.76, Q3 56.77-76.99, Q1 77.00-283.40.
Model 1: no adjustment.

Model 2: adjusted for age.

Model 3: adjusted for age, HDL, Glu, Cr, UA, hypertension.





OPS/images/fnut-12-1511642-g003.jpg
<60

Hypertension

Yes

CHD

Yes

Yes

Total(N)

652

240

412

166

486

636

58

504

OR(95%Cl)

0.95(0.94,0.97)

0.96 (0.94,0.98)

0.95(0.94,0.96)

0.95(0.93,0.97)

0.95(0.94,0.97)

0.89 (0.80,1.00)

0.95(0.94,0.96)

0.94(0.900.98)

0.95(0.94,0.96)

P value

<0.05

<0.05

<0.05

<0.05

<0.05

005

<0.05

<0.05

<0.05

P for interaction

0.43

0.49

021

057





OPS/images/fnut-12-1511642-g004.jpg
Sensitivity

04

08

06

02

00

AuC
ALI:0.782
NLR :0.780
Sil:0.777
SIRI: 0.755
PIV:0.737
HALP: 0658

T T T T
00 02 04 06

1 - Specificity

T T
08 1.0






OPS/images/fnut-12-1511642-t003.jpg
95%Cl

Specificity (%)

Sensitivity (%)

Youden index

ALL 0782
NLR 0780
sit 0777
SIRI 0755
PIV 0737
HALP. 0658

074-0.83
0.74-083
0.73-082
0.71-0.80
0.69-0.79

061-071

4628
239
51615
107
249.86

37.02

75.46

80.73

77.48

85.60

85.40

77.28

68.55

65.41

66.67

57.23

54.09

49.69

044

046

044

043

040

027

AUC, area under the curves AL advanced lung cancer inflammation index; NLR, neutrophil-to-lymphocyte ratio; SI, systemic immune inflammation index; SIRI, systemic inflammation
response index; PIV, pan-immune-inflammation value; HALP, hemoglobin; albumin, lymphocyte, and platelet.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Association between advanced lung cancer inflammation index and acute gouty arthritis in Dalian, China: a cross-sectional study



		Introduction



		Materials and methods



		Study population



		Calculation of inflammatory indices



		Covariates



		Statistical analysis









		Results



		Baseline characteristics



		Association between ALI and AGA



		RCS curves fitting



		Subgroup analysis



		ROC analysis of ALI and other inflammatory indices for predicting AGA









		Discussion



		Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Generative AI statement



		Publisher’s note



		References



















OPS/images/fnut-12-1511642-g001.jpg
Total participants from Department of
Endocrinology and Metabolism and the
Department of Rheumatology and Immunology
and the Department of Physical examination
(N=726)

Male, Age>18 years and<80 years
(N=716)

Excluded patients with secondary gout caused by
leukemia, hemolytic anemia, multiple myeloma

Excluded patients with severe liver and kidney injury and
malignant tumor
(N=10)

Remained participants
(N=704)

—»

Enrolled participants
(N=652)

Missing data for body mass index, albumin, neutrophil
count, and lymphocyte count(N=52)






OPS/images/fnut-12-1511642-g002.jpg
400 P-overall = < 0.05
P-non-linear = < 0.05
75
g
kS
&
k3
&
® 50
Iy
3
b1
<}
25
Inflection point,23.38
00

50 100
ALI





OPS/images/cover.jpg
’ frontiers | Frontiers in Nutrition

Association between advanced
lung cancer inflammation index
and acute gouty arthritis in
Dalian, China: a cross-sectional
study












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
¥ frontiers Frontiers in Nutrition






