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Background

Rheumatoid arthritis (RA) is linked to systemic inflammation and immune dysregulation. The neutrophil-percentage-to-albumin ratio (NPAR), integrating neutrophil activity and nutritional status, may reflect inflammatory and immune responses. However, its association with RA remains unexplored. We aimed to investigate the relationship between NPAR and RA using data from the National Health and Nutrition Examination Survey (NHANES) 1999–2018.





Methods

This cross-sectional study utilized data from NHANES including 38,272 participants. The NPAR was calculated based on the neutrophil percentage (in total WBC count) (%), and albumin value (g/dL). We employed weighted multivariable logistic regression analysis and subgroup analysis to examine the association between NPAR and RA, adjusting for sociodemographic, lifestyle, and clinical covariates. Restricted cubic splines were used to assess potential non-linear relationships. Additionally, receiver operating characteristic (ROC) was performed to determine the predictive accuracy of NPAR compared with other inflammatory markers.





Results

After adjusting for all covariates, multivariable logistic regression indicated that elevated levels of NPAR were significantly associated with an increased risk of RA (ORtertile3vs1 = 1.27, 95% CI: 1.11-1.44). A nonlinear, reverse L-shaped relationship was observed, with RA risk rising significantly when NPAR exceeded 13.6 (Pnon-linearity = 0.004). Subgroup analyses confirmed consistency across populations. NPAR demonstrates a superior predictive capability for RA risk when compared to other established markers, including Systemic Immune-Inflammation Index (SII), Systemic Inflammation Response Index (SIRI), Platelet-to-Lymphocyte Ratio (PLR), Monocyte-to-Lymphocyte Ratio (MLR), and Neutrophil-to-Lymphocyte Ratio (NLR).





Conclusion

Overall, our study demonstrates a significant positive association between NPAR and RA prevalence in U.S. adults, particularly when NPAR levels exceeded 13.6. Our findings underscore the critical role of immune-nutritional interactions in RA pathogenesis. However, owing to the cross-sectional design, prospective longitudinal investigations are warranted to establish causality and elucidate underlying biological mechanisms.
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Introduction

Rheumatoid arthritis (RA) is a systemic autoimmune disease characterized by chronic, progressive synovitis and joint destruction. The global prevalence of RA is estimated to range from 0.25% to 1% (1). Although RA can affect individuals of any age, those over 40 years are more susceptible to RA, leading to increased disability, reduced life expectancy, and significant socioeconomic challenges (2). The mechanisms underlying RA are complex and only partially understood. The onset of RA is influenced by interactions between genetic predispositions and environmental factors (3). Within the synovial microenvironment, stromal cells, immune cells, and various inflammatory mediators contribute to the maintenance of chronic inflammation and the promotion of joint damage (4–6). Given the rising prevalence of RA and its associated socioeconomic consequences, it is crucial to identify risk factors early to enable timely therapeutic interventions.

The neutrophil-percentage-to-albumin ratio (NPAR) serves as a novel and effective biomarker that combines the neutrophil percentage and albumin value to reflect systemic inflammation and immune conditions (7). Research indicates that NPAR can assess risk and prognosis across a variety of conditions (8–10). However, its association with RA has not yet been documented. Neutrophils, the most abundant leukocytes in both white blood cells and synovial fluid, are closely linked to inflammatory processes and the immune responses associated with RA (11). Serum albumin, a key marker reflecting a patient’s nutritional health, possesses antioxidant and anti-inflammatory properties. Research indicates that patients with RA often exhibit reduced serum albumin levels, which may result from several factors, including chronic inflammation and malnutrition related to the condition (12). Based on these findings, it is reasonable to speculate that NPAR may demonstrate a positive correlation with RA.

Given that NPAR is a readily accessible and cost-effective indicator of systemic inflammation and immune response, understanding and validating its predictive significance would greatly assist physicians in their clinical decision-making. This study aimed to evaluate NPAR levels in adults with RA in the United States, utilizing data from the National Health and Nutrition Examination Survey (NHANES), and to explore the association between NPAR and RA.





Methods




Study population

This cross-sectional study used ten cycles of survey data from NHANES 1999-2018. NHANES employs a stratified, multistage, clustered probability sampling methodology orchestrated by the National Center for Health Statistics (NCHS) to assess the health and nutritional status of the civilian population in the United States. Data collection for NHANES involved interviews, as well as laboratory and physical assessments, with each participant providing written informed consent. For the purposes of this study, individuals who were uncertain about having RA and those lacking data on neutrophil percentage and albumin were excluded based on the established criteria.





Exposure variable

NPAR was calculated using the formula: [Neutrophil percentage (%)/Albumin concentration (g/dl)]. Blood sample analysis was conducted using the Beckman CoulterH 800 instrument at the NHANES mobile examination center. To assess albumin concentration, the NHANES Standard Biochemistry Profile was employed, utilizing a bichromatic digital endpoint method.





Outcome variable

The outcome of this study was RA. RA was diagnosed by professionals and the information was collected through a questionnaire survey. Briefly, two questions related to arthritis were posed to the participants. Firstly, they were asked: “Has a doctor or other health professional ever told you that you have arthritis?” Those who answered “yes” were then asked a second question, “Which type of arthritis was it?” The participants who answered “rheumatoid arthritis” were included in the study.





Covariates

Covariates included age (< 60 years old, ≥ 60 years old), sex (male or female), race/ethnicity (non-Hispanic white, others), education (< high school, high school, ≥ 60 high school), marital status (married/living as married, never married or separated/divorced/widowed), smoking status (non-smokers or smokers), obesity (non-obese: BMI < 30 or obese: BMI ≥ 30), diabetes, hypertension, and hyperlipidemia.





Statistical analysis

In this research, the weights were considered in accordance with the NHANES analysis guidelines. Continuous variables were reported as mean and standard error (SE), while categorical variables were presented as percentages. To assess the baseline characteristics across different NPAR levels, Analysis of Variance (ANOVA) was employed for continuous variables and the chi-square test was utilized for categorical variables.

Weighted multivariable logistic models were applied to investigate the relationship between NPAR and RA accounting for potential confounding variables. Model I included adjustments for age, sex, and race, while model II incorporated additional factors such as marital status, annual household income, smoking status, obesity, diabetes, hypertension, and hyperlipidemia. The restricted cubic splines were used to explore the non-linear relationships. Furthermore, stratified and interaction analyses were conducted to assess the relationship between NPAR and RA. The area under the curve (AUC) of the receiver operating characteristic (ROC) was used to assess the predictive accuracy of NPAR and other inflammatory indicators in predicting the prevalence of RA. We employed a complete case analysis approach in our study due to the minimal amount of missing data. All statistical analyses were performed using R software (version 4.1.2) with a significance threshold set at 0.05 to determine statistical significance.






Results




Baseline characteristics of study populations

The process of selecting the study population, as illustrated in Figure 1, involved several stages during the NHANES 1999–2018 study. Participants with incomplete RA data (n = 58,090) and those with incomplete NPAR data (n = 4954) were excluded from the analysis. Ultimately, a total of 38,272 participants which represented approximately 161.8 million non-institutionalized residents of the United States were included in the study. The baseline characteristics of the study populations are summarized in Table 1. On average, the participants’ age was 43.74 years, with 50.59% male and 49.41% female. Significant differences were observed in age, age group, sex, race, education level, marital status, smoking habits, obesity rates, and the prevalence of diabetes, hyperlipidemia, and RA across various NPAR levels. The prevalence rates of RA among the different NPAR levels were 4.05%, 4.67% and 6.94%, respectively.

[image: Flowchart depicting participant selection from NHANES 1999-2018. Starts with 101,316 individuals. 58,090 removed due to incomplete RA data, leaving 43,226. Further 4,954 removed due to incomplete NPAR data, resulting in 38,272 participants.]
Figure 1 | Study population selection (N=38,272) by Figdraw.


Table 1 | Weighted characteristics of the participants (N=38,272).
	Variable
	NPAR
	P value


	Overall
	Tertile 1
	Tertile 2
	Tertile 3



	Age (year), mean (SE)
	43.74 (0.17)
	41.24 (0.23)
	43.77 (0.21)
	46.35 (0.21)
	< 0.0001


	Age group (%)
	 
	 
	 
	 
	< 0.0001


	 ≤ 60 years
	83.71
	87.88
	84.61
	78.28
	 


	 > 60 years
	16.29
	12.12
	15.39
	21.72
	 


	Sex (%)
	 
	 
	 
	 
	< 0.0001


	 Female
	49.41
	39.51
	49.16
	60.22
	 


	 Male
	50.59
	60.49
	50.84
	39.78
	 


	Race (%)
	 
	 
	 
	 
	< 0.0001


	 Non-Hispanic White
	65.85
	61.28
	68.06
	68.26
	 


	 Others
	34.15
	38.72
	31.94
	31.74
	 


	Educationa (%)
	 
	 
	 
	 
	< 0.0001


	 < High school
	16.69
	16.95
	15.65
	17.63
	 


	 High school
	23.57
	22.02
	23.94
	24.87
	 


	 > High school
	59.64
	61.03
	60.41
	57.5
	 


	Marital statusa (%)
	 
	 
	 
	 
	< 0.0001


	 Married/living as married
	63.29
	64.2
	65.56
	62.16
	 


	 Never married
	19.82
	23.28
	18.81
	18.04
	 


	 Separated/divorced/widowed
	15.72
	12.52
	15.63
	19.8
	 


	Smoking statusa (%)
	 
	 
	 
	 
	< 0.001


	 Non smoker
	55.59
	56.74
	56.39
	53.56
	 


	 Smoker
	44.36
	43.26
	43.61
	46.44
	 


	Obesitya (%)
	 
	 
	 
	 
	< 0.0001


	 No
	66.57
	74.57
	67.99
	59.01
	 


	 Yes
	32.2
	25.43
	32.01
	40.99
	 


	Diabetes mellitusa (%)
	 
	 
	 
	 
	< 0.0001


	 No
	88.05
	92.79
	90.62
	84.68
	 


	 Yes
	10.28
	7.21
	9.38
	15.32
	 


	Hypertension a (%)
	 
	 
	 
	 
	< 0.0001


	 No
	69.08
	73.28
	69.83
	63.82
	 


	 Yes
	30.9
	26.72
	30.17
	36.18
	 


	Hyperlipidemia (%)
	 
	 
	 
	 
	< 0.0001


	 No
	31.56
	34.82
	30.98
	28.76
	 


	 Yes
	68.44
	65.18
	69.02
	71.24
	 


	Rheumatoid arthritis (%)
	 
	 
	 
	 
	< 0.0001


	 No
	94.82
	95.95
	95.33
	93.06
	 


	 Yes
	5.18
	4.05
	4.67
	6.94
	 






a Missing values for total study: education (n =46, 0.12%), marital status (n = 381; 1%), smoking status (n = 29; 0.76%), obesity (n = 381, 1.50%), diabetes mellitus (n = 1271; 3.32%), hypertension (n = 10; 0.026%).








Association between NPAR and RA

A weighted logistic regression analysis was conducted to investigate the association between NPAR and the risk of developing RA (Table 2). NPAR values were categorized into tertiles. The highest NPAR level was positively associated with an increased risk of developing RA in the crude model (OR = 1.77, 95% CI: 1.57-1.99), model I (OR = 1.41, 95% CI: 1.25–1.59), and model II (OR = 1.27, 95% CI: 1.11–1.44).


Table 2 | Association between NPAR and RA.
	Variable
	Crude model
	Model I
	Model II


	OR (95%CI)
	P-value
	OR (95%CI)
	P-value
	OR (95%CI)
	P-value



	NPAR (per SD)
	1.30 (1.23, 1.37)
	< 0.0001
	1.20 (1.14, 1.26)
	< 0.0001
	1.18(1.12,1.25)
	<0.0001


	NPAR


	 Tertile 1
	Ref
	 
	Ref
	 
	Ref
	 


	 Tertile 2
	1.16 (1.01, 1.34)
	0.04
	1.07 (0.92, 1.23)
	0.39
	1.01 (0.87, 1.17)
	0.92


	 Tertile 3
	1.77 (1.57, 1.99)
	< 0.0001
	1.41 (1.25, 1.59)
	< 0.0001
	1.27 (1.11, 1.44)
	< 0.001


	P for trend
	 
	< 0.0001
	 
	< 0.0001
	 
	< 0.001





Model I: Adjusted for age, sex, and race.

Model II: Model I and adjusted for education level, marital status, obesity, smoking status, diabetes mellitus, hypertension, and hyperlipidemia.



Additionally, restricted cubic spline was employed to examine the non-linear relationship between NPAR and the risk of RA. The analysis revealed a significant reverse L-shaped association between NPAR and RA (Pnon-linearity =0.004), as illustrated in Figure 2. When the NPAR levels were below 13.6, the risk of RA remained relatively stable; however, once NPAR levels exceeded 13.6, a significant increase in risk was observed.

[image: Graph depicting the relationship between NPAR and the odds ratio for RA, illustrating a non-linear increase with a p-value of 0.004. The x-axis is labeled NPAR, and the y-axis shows odds ratio for RA, with a dashed line at 13.6. The curve rises sharply with confidence intervals shaded.]
Figure 2 | Relationship between NPAR and RA. Adjusted for age, sex, race, education level, marital status, obesity, smoking status, diabetes mellitus, hypertension, and hyperlipidemia.





Subgroup analyses by potential effect modifiers

The subgroup analyses regarding the association between NPAR and RA were displayed in Figure 3. Across all subgroups, elevated NPAR levels consistently showed an increased risk of developing RA. It was observed that hyperlipidemia might influence the relationship between NPAR and RA (P-interaction = 0.01). Specifically, the risk of developing RA increased by 38% for each unit increase in NPAR in individuals without hyperlipidemia (OR = 1.38, 95% CI: 1.21-1.59), and by 12% for each unit increase in NPAR in individuals with hyperlipidemia (OR = 1.12, 95% CI: 1.04-1.20). However, as all the associations consistently showed the same direction, these results may not have significant clinical implications.

[image: Forest plot depicting odds ratios with 95% confidence intervals across various subgroups, including age, gender, race, education level, marital status, smoking habit, obesity, diabetes, hypertension, and hyperlipidemia. Each subgroup has corresponding cases, participants, and P values for interaction noted on the right. Green dots represent point estimates, with horizontal lines indicating confidence intervals.]
Figure 3 | Subgroup analyses of the associations between NPAR and RA. Adjusted for age, sex, race, education level, marital status, obesity, smoking status, diabetes mellitus, hypertension, and hyperlipidemia except the subgroup variable.





Predictive accuracy of NPAR and other inflammatory indicators

ROC analyses were conducted to evaluate the discriminatory predictive performance of the NPAR in comparison to other inflammatory markers. The findings revealed that NPAR (AUC = 0.575) exhibited a greater predictive capacity than Systemic Immune-Inflammation Index (SII) (AUC = 0.529), Systemic Inflammation Response Index (SIRI) (AUC = 0.536), Platelet-to-Lymphocyte Ratio (PLR) (AUC = 0.522), Monocyte-to-Lymphocyte Ratio (MLR) (AUC = 0.534), and Neutrophil-to-Lymphocyte Ratio (NLR) (AUC = 0.535). Nevertheless, C-reactive protein (CRP) (AUC = 0.640) and high-sensitivity CRP (hsCRP) (AUC = 0.601) demonstrated superior predictive abilities (Figure 4).

[image: Receiver Operating Characteristic (ROC) curve graph plotting sensitivity against 1 minus specificity. It features curves for NPAR, CRP, hsCRP, SII, SIRI, PLR, MLR, and NLR, with AUC values ranging from 0.522 to 0.640. CRP shows the highest AUC of 0.640.]
Figure 4 | The ROC curves for displaying the predictive abilities of NPAR and other systemic inflammatory indicators.






Discussion

In this study, we identified a notable correlation between NPAR and RA through a cross-sectional analysis of data from 38272 participants in NHANES 1999-2018. Additionally, the RCS analyses revealed a nonlinear positive correlation between NPAR and RA. When NPAR levels exceeded a certain threshold, the likelihood of developing RA increased significantly. Furthermore, this association was consistent across various subgroups. These findings underscored the importance of considering NPAR levels when assessing and managing RA.

The interplay between immune responses and inflammation is crucial for understanding the pathogenesis of RA, influencing both the severity and progression of the disease (2). NPAR, which encompasses the percentage of neutrophils and the concentration of albumin in the bloodstream, serves as an indicator of the body’s systemic immunological and inflammatory status, as well as its nutritional condition. Neutrophils play a vital role in the innate immune system and act as key effector cells in adaptive immunity and systemic inflammatory responses (13, 14). In the context of RA, neutrophils present in the blood exhibit a distinct activation profile characterized by the production of reactive oxygen species (ROS), secretion of cytokines, and delayed programmed cell death (apoptosis). Upon activation, these circulating neutrophils are rapidly recruited to areas of inflamed joints (11). The immunopathology driven by neutrophils is intricately associated with joint inflammation and the destruction of bone in RA (15). Moreover, neutrophils interact with various immune cells, further exacerbating the inflammatory loop in RA (16, 17). Activated neutrophils release neutrophil extracellular traps (NETs) in response to various stimuli. In RA, NETs enhance inflammation, directly promote bone erosion by stimulating osteoclast formation, and induce fibroblast-like synoviocyte (FLS) activation and cytokine release, thereby exacerbating joint damage and perpetuating a vicious cycle of NET induction and autoantibody formation (15, 18, 19). Furthermore, NETosis accelerates the modification and exposure of self-antigens in RA patients (20). In summary, neutrophils contribute to chronic inflammation, oxidative stress, and immune dysregulation in RA through multiple mechanisms, including ROS production, pro-inflammatory cytokine secretion, delayed apoptosis, and the release of NETs. Albumin, the most abundant protein in human plasma, plays a critical role in maintaining nutritional balance and osmotic pressure, in addition to exhibiting antioxidant and anti-inflammatory properties. Hypoalbuminemia is a prevalent condition in patients with RA (21). This condition exerts a detrimental effect on the disease progression of RA by impairing the body’s antioxidant defense mechanisms, thereby intensifying oxidative stress and promoting pro-inflammatory responses (22). Concurrently, inflammatory processes can exacerbate hypoalbuminemia through mechanisms such as inducing capillary leakage (23). The interplay between malnutrition and inflammation establishes a deleterious feedback loop, significantly influencing the trajectory of RA. Consequently, a higher NPAR reflects the interplay between neutrophil activity and albumin levels, contributing to the onset and progression of RA.

NPAR has emerged as a significant biomarker for assessing the risk and prognosis of various diseases, including cancer, kidney injury, cardiogenic shock, myocardial infarction, sepsis, depression and liver fibrosis (9, 24–28). Among patients undergoing peritoneal dialysis, elevated levels of NPAR were significantly associated with increased rates of all-cause mortality as well as cardio-cerebrovascular mortality, independent of other clinical factors. Moreover, NPAR outperformed other inflammatory markers such as CRP, NLR, and PLR in predicting adverse outcomes in this population (24). In the context of depression, a previous study identified a notable positive correlation between NPAR levels and depressive symptoms (29). Within the realm of autoimmune diseases, NPAR has shown promise as a predictor of disease severity and short-term outcomes in anti-NMDAR encephalitis (30). Currently, there is a lack of research regarding the relationship between the NPAR and RA. This study aims to fill this gap by providing new evidence that underscores the importance of NPAR as a risk factor for RA.

Unlike acute phase reactants (e.g., CRP) or cellular ratios (NLR/PLR), NPAR uniquely integrates hepatic synthetic function via albumin with innate immune activity through neutrophil percentage. This dual-axis approach potentially offers a unique perspective on the complex interplay between inflammation, immune and systemic homeostasis, providing a more comprehensive assessment. Our ROC results indicate that NPAR, despite not surpassing CRP/hsCRP, possesses greater discriminatory ability than several commonly referenced inflammatory ratios for predicting RA. This positions NPAR as a clinically accessible and cost-effective adjunctive tool derived from routine blood work. Future research should explore whether combining NPAR with CRP/hsCRP or other clinical parameters could further enhance predictive models for arthritis outcomes.

Our research identified an optimal cutoff for NPAR at which the correlation between NPAR and RA changes. Specifically, when NPAR exceeds 13.6, a positive association emerges between NPAR and RA, indicating that an increase of one unit in NPAR is associated with a rise in RA prevalence. This nonlinear relationship may reflect the varying effects of different NPAR levels on RA prevalence. These findings suggest that NPAR could serve as a promising predictive biomarker for RA, potentially providing a new pathway for early detection and intervention. Further large-scale prospective studies are necessary to validate these results and to investigate the mechanisms underlying this relationship.

Our study has several notable strengths. To our knowledge, it was the first study to investigate the relationship between NPAR and RA. Additionally, the analyses were conducted on a large sample size, which enhances the validity of our findings. However, it is important to acknowledge several limitations. First, the cross-sectional design of the study restricts the ability to establish a causal relationship between NPAR and RA. Second, to verify a potential causal connection, future prospective multicenter studies will be essential., assessing the neutrophil percentages and albumin levels at a single baseline time point may not accurately reflect the chronic inflammation, immune, and nutritional status over time. Furthermore, the exclusion of unmeasured confounding variables limits the capacity to address potential residual confounding effects. Lastly, RA diagnosis in NHANES relies on self-reported data, which may introduce recall bias and misclassification. The data also lack of information confirming the stage of RA advancement. Nevertheless, validation studies support its utility in large-scale epidemiological research (31, 32). To mitigate potential biases, we adjusted for covariates influencing self-reporting accuracy (e.g., age, education level) through multivariable analyses. Future studies should employ multi-source validation (e.g., medical records, serological testing) to enhance RA phenotyping precision.





Conclusion

In conclusion, our findings observed a nonlinear positive correlation between NPAR and RA in adults in the United States, with an inflection point of 13.6. Our findings underscore the critical role of immune-nutritional interactions in RA pathogenesis. However, owing to the cross-sectional design, prospective longitudinal investigations are warranted to establish causality and elucidate underlying biological mechanisms.





Data availability statement

The original contributions presented in the study are included in the article/supplementary material. Further inquiries can be directed to the corresponding authors.





Ethics statement

The NHANES protocol was approved by the NCHS Research Ethics Review Board, and informed consent was obtained from all participants.





Author contributions

DL: Writing – original draft, Conceptualization. JZ: Data curation, Writing – original draft. LH: Formal analysis, Methodology, Writing – original draft. QA: Writing – original draft, Formal analysis, Software. QX: Validation, Data curation, Writing – original draft. SZ: Writing – review & editing. RC: Writing – review & editing.





Funding

The author(s) declare that financial support was received for the research and/or publication of this article. This work was supported by the National Natural Science Foundation of China, Beijing, China (No. 82101880, No.82401133), the Shaanxi Province Natural Science Basic Research Program (No.2025JC-YBQN-1032) and the Fundamental Research Funds for the Central Universities (No.xzy012025120).





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 author(s) declare that no Generative AI was used in the creation of this manuscript.





References

	 Finckh, A, Gilbert, B, Hodkinson, B, Bae, SC, Thomas, R, Deane, KD, et al. Global epidemiology of rheumatoid arthritis. Nat Rev Rheumatol. (2022) 18:591–602. doi: 10.1038/s41584-022-00827-y, PMID: 36068354


	 Di Matteo, A, Bathon, JM, and Emery, P. Rheumatoid arthritis. Lancet. (2023) 402:2019–33. doi: 10.1016/S0140-6736(23)01525-8, PMID: 38240831


	 Wells, PM, Adebayo, AS, Bowyer, RCE, Freidin, MB, Finckh, A, Strowig, T, et al. Associations between gut microbiota and genetic risk for rheumatoid arthritis in the absence of disease: a cross-sectional study. Lancet Rheumatol. (2020) 2:e418–27. doi: 10.1016/S2665-9913(20)30064-3, PMID: 33345197


	 Ohrndorf, S. Beyond the synovium-interosseus tendon inflammation and the development of rheumatoid arthritis. Lancet Rheumatol. (2023) 5:e367–8. doi: 10.1016/S2665-9913(23)00158-3, PMID: 38251545


	 Qin, Y, Cai, ML, Jin, HZ, Huang, W, Zhu, C, Bozec, A, et al. Age-associated B cells contribute to the pathogenesis of rheumatoid arthritis by inducing activation of fibroblast-like synoviocytes via TNF-alpha-mediated ERK1/2 and JAK-STAT1 pathways. Ann rheumatic Dis. (2022) 81:1504–14. doi: 10.1136/ard-2022-222605, PMID: 35760450


	 Meyer, A, Zack, SR, Nijim, W, Burgos, A, Patel, V, Zanotti, B, et al. Metabolic reprogramming by Syntenin-1 directs RA FLS and endothelial cell-mediated inflammation and angiogenesis. Cell Mol Immunol. (2024) 21:33–46. doi: 10.1038/s41423-023-01108-8, PMID: 38105293


	 He, X, Dai, F, Zhang, X, and Pan, J. The neutrophil percentage-to-albumin ratio is related to the occurrence of diabetic retinopathy. J Clin Lab Anal. (2022) 36:e24334. doi: 10.1002/jcla.24334, PMID: 35285099


	 Lv, XN, Shen, YQ, Li, ZQ, Deng, L, Wang, ZJ, Cheng, J, et al. Neutrophil percentage to albumin ratio is associated with stroke-associated pneumonia and poor outcome in patients with spontaneous intracerebral hemorrhage. Front Immunol. (2023) 14:1173718. doi: 10.3389/fimmu.2023.1173718, PMID: 37388726


	 Liu, CF, and Chien, LW. Predictive role of neutrophil-percentage-to-albumin ratio (NPAR) in nonalcoholic fatty liver disease and advanced liver fibrosis in nondiabetic US adults: evidence from NHANES 2017-2018. Nutrients. (2023) 15:1892. doi: 10.3390/nu15081892, PMID: 37111111


	 Li, J, Xiang, T, Chen, X, and Fu, P. Neutrophil-percentage-to-albumin ratio is associated with chronic kidney disease: Evidence from NHANES 2009-2018. PloS One. (2024) 19:e0307466. doi: 10.1371/journal.pone.0307466, PMID: 39102412


	 Wright, HL, Lyon, M, Chapman, EA, Moots, RJ, and Edwards, SW. Rheumatoid arthritis synovial fluid neutrophils drive inflammation through production of chemokines, reactive oxygen species, and neutrophil extracellular traps. Front Immunol. (2020) 11:584116. doi: 10.3389/fimmu.2020.584116, PMID: 33469455


	 Sun, Z, Shao, H, Liu, H, and Ma, L. Anemia in elderly rheumatoid arthritis patients: a cohort study. Arch Med science: AMS. (2024) 20:457–63. doi: 10.5114/aoms/172443, PMID: 38757043


	 Papayannopoulos, V. Neutrophil extracellular traps in immunity and disease. Nat Rev Immunol. (2018) 18:134–47. doi: 10.1038/nri.2017.105, PMID: 28990587


	 Liew, PX, and Kubes, P. The neutrophil’s role during health and disease. Physiol Rev. (2019) 99:1223–48. doi: 10.1152/physrev.00012.2018, PMID: 30758246


	 O’Neil, LJ, Oliveira, CB, Wang, X, Navarrete, M, Barrera-Vargas, A, Merayo-Chalico, J, et al. Neutrophil extracellular trap-associated carbamylation and histones trigger osteoclast formation in rheumatoid arthritis. Ann rheumatic Dis. (2023) 82:630–8. doi: 10.1136/ard-2022-223568, PMID: 36737106


	 Leite Pereira, A, Bitoun, S, Paoletti, A, Nocturne, G, Marcos Lopez, E, Cosma, A, et al. Characterization of phenotypes and functional activities of leukocytes from rheumatoid arthritis patients by mass cytometry. Front Immunol. (2019) 10:2384. doi: 10.3389/fimmu.2019.02384, PMID: 31681279


	 Wright, HL, Moots, RJ, and Edwards, SW. The multifactorial role of neutrophils in rheumatoid arthritis. Nat Rev Rheumatol. (2014) 10:593–601. doi: 10.1038/nrrheum.2014.80, PMID: 24914698


	 Mutua, V, and Gershwin, LJ. A review of neutrophil extracellular traps (NETs) in disease: potential anti-NETs therapeutics. Clin Rev Allergy Immunol. (2021) 61:194–211. doi: 10.1007/s12016-020-08804-7, PMID: 32740860


	 Tang, J, Xia, J, Gao, H, Jiang, R, Xiao, L, Sheng, H, et al. IL33-induced neutrophil extracellular traps (NETs) mediate a positive feedback loop for synovial inflammation and NET amplification in rheumatoid arthritis. Exp Mol Med. (2024) 56:2602–16. doi: 10.1038/s12276-024-01351-7, PMID: 39617790


	 Lee, KH, Kronbichler, A, Park, DD, Park, Y, Moon, H, Kim, H, et al. Neutrophil extracellular traps (NETs) in autoimmune diseases: A comprehensive review. Autoimmun Rev. (2017) 16:1160–73. doi: 10.1016/j.autrev.2017.09.012, PMID: 28899799


	 Garg, U, Jain, N, Kaul, S, and Nagaich, U. Role of albumin as a targeted drug carrier in the management of rheumatoid arthritis: A comprehensive review. Mol pharmaceutics. (2023) 20:5345–58. doi: 10.1021/acs.molpharmaceut.3c00581, PMID: 37870420


	 Thao le, Q, Byeon, HJ, Lee, C, Lee, S, Lee, ES, Choi, HG, et al. Pharmaceutical potential of tacrolimus-loaded albumin nanoparticles having targetability to rheumatoid arthritis tissues. Int J pharmaceutics. (2016) 497:268–76. doi: 10.1016/j.ijpharm.2015.12.004, PMID: 26657273


	 Eckart, A, Struja, T, Kutz, A, Baumgartner, A, Baumgartner, T, Zurfluh, S, et al. Relationship of nutritional status, inflammation, and serum albumin levels during acute illness: A prospective study. Am J Med. (2020) 133:713–22.e717. doi: 10.1016/j.amjmed.2019.10.031, PMID: 31751531


	 Cai, J, Li, M, Wang, W, Luo, R, Zhang, Z, and Liu, H. The relationship between the neutrophil percentage-to-albumin ratio and rates of 28-day mortality in atrial fibrillation patients 80 years of age or older. J Inflammation Res. (2023) 16:1629–38. doi: 10.2147/JIR.S400924, PMID: 37092133


	 Wang, L, Liu, L, Liu, X, and Yang, L. The association between neutrophil percentage-to-albumin ratio (NPAR) and depression among US adults: a cross-sectional study. Sci Rep. (2024) 14:21880. doi: 10.1038/s41598-024-71488-y, PMID: 39300155


	 Ko, CA, Fang, KH, Tsai, MS, Lee, YC, Lai, CH, Hsu, CM, et al. Prognostic value of neutrophil percentage-to-albumin ratio in patients with oral cavity cancer. Cancers. (2022) 14:4892. doi: 10.3390/cancers14194892, PMID: 36230814


	 Xu, Y, Lin, Z, Zhu, C, Song, D, Wu, B, Ji, K, et al. The neutrophil percentage-to-albumin ratio is associated with all-cause mortality in patients with atrial fibrillation: A retrospective study. J Inflammation Res. (2023) 16:691–700. doi: 10.2147/JIR.S394536, PMID: 36844255


	 Gong, Y, Li, D, Cheng, B, Ying, B, and Wang, B. Increased neutrophil percentage-to-albumin ratio is associated with all-cause mortality in patients with severe sepsis or septic shock. Epidemiol infection. (2020) 148:e87. doi: 10.1017/S0950268820000771, PMID: 32238212


	 Zhu, Y, and Fu, Z. Association of Neutrophil-Percentage-To-Albumin Ratio(NPAR) with depression symptoms in U.S. adults: a NHANES study from 2011 to 2018. BMC Psychiatry. (2024) 24:746. doi: 10.1186/s12888-024-06178-0, PMID: 39468499


	 Tang, Y, Hou, H, Li, L, Yong, L, Zhang, S, Yan, L, et al. Neutrophil percentage-to-albumin ratio: A good parameter for the evaluation of the severity of anti-NMDAR encephalitis at admission and prediction of short-term prognosis. Front Immunol. (2022) 13:847200. doi: 10.3389/fimmu.2022.847200, PMID: 35479085


	 Peeters, GM, Alshurafa, M, Schaap, L, and de Vet, HC. Diagnostic accuracy of self-reported arthritis in the general adult population is acceptable. J Clin Epidemiol. (2015) 68:452–9. doi: 10.1016/j.jclinepi.2014.09.019, PMID: 25459981


	 Liu, B, Wang, J, Li, YY, Li, KP, and Zhang, Q. The association between systemic immune-inflammation index and rheumatoid arthritis: evidence from NHANES 1999-2018. Arthritis Res Ther. (2023) 25:34. doi: 10.1186/s13075-023-03018-6, PMID: 36871051







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 © 2025 Liu, Zhang, He, An, Xu, Zhang and Cao. 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/fimmu-16-1596359-g004.jpg
1.00

0.75
P
>
% 0.50
[
()]
N
NPAR AUC: 0.575
CRP AUC: 0.640
hsCRP AUC: 0.601
Sl AUC: 0.529
0.25
SIRI AUC:0.536
PLR AUC: 0.522
MLR AUC:0.534
NLR AUC: 0.535
0.00
0.00 0.25 0.50 0.75

1 — Specificity

1.00





OEBPS/Images/cover.jpg
& frontiers | Frontiers in Immunology

Association between neutrophil percentage-
to-albumin ratio and rheumatoid arthritis: a
crosssectional study from US population,
1999-2018





OEBPS/Images/fimmu-16-1596359-g002.jpg
= 0.004

non-linearity

P

V¥ Joj oljes sppo

20

13.6

10

NPAR





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fimmu-16-1596359-g003.jpg
Subgroup

Cases/participants

OR (95%Cl) P for interaction

Age 0.18
=60 1127/29108 1.12 (1.04, 1.21)
> 60 1468/9164 1.26 (1.16, 1.37)
Gender 0.58
Female 1525/18998 1.16 (1.07, 1.25)
Male 1070/19274 1.22 (1.11,1.35)
Race 0.25
Non-Hispanic White 1089/15778 17 (1.07, 1.26)
Others 1506/22494 9(1.09, 1.29)
Education level 0.06
< High school 967/10066 1.07 (0.95, 1.21)
High school 622/8692 1.31 (1.14, 1.50)
> High school 1002/19468 1.16 (1.06, 1.27)
Marital status 0.09
Never married 195/7510 0.95 (0.75, 1.20)
Married/living as married 1398/23271 1.23 (1.13, 1.35)
Separated/divorced/widowed 971/7110 1.11 (1.02, 1.22)
Smoking habit 0.49
Non smoker 1168/21590 1.17 (1.05, 1.31)
Smoker 1424/16653 1.18 (1.09, 1.27)
Obesity 0.27
No 1343/24925 1.20 (1.10, 1.31)
Yes 1183/12774 1.13 (1.04, 1.23)
Diabetes mellitus 0.47
No 1778/31463 .18 (1.09, 1.27)
Yes 804/5538 1.15(1.03, 1.27)
Hypertension 0.8
No 868/24672 1.17 (1.05, 1.30)
Yes 1727/13590 1.18 (1.09, 1.26)
Hyperlipidemia 0.01
No 498/11570 —e— 1.38 (1.21, 1.59)
Yes 2097/26702 1.12(1.04, 1.20)

0.5 1 1.5





OEBPS/Images/fimmu-16-1596359-g001.jpg
- MMo1316

NHANES 1999-2018

VM) 58090

RA data incomplete

MM 4954

NPAR data incomplete






