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Association of relative fat mass with asthma: inflammatory markers as potential mediators
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Abstract
Background
This study aimed to investigate the association between relative fat mass (RFM) and asthma, as well as to explore the mediating role of Systemic Immune-Inflammation Index (SII) and Systemic Inflammation Response Index (SIRI).

Methods
This cross-sectional study utilized data from the National Health and Nutrition Examination Survey from 2007 to 2018. Associations between RFM and asthma were tested using multivariable logistic regressions, restricted cubic splines, subgroup analyses, and interaction tests, with mediation analysis for SII and SIRI. The inflection point was determined by the two-piecewise linear regression. Sensitivity analysis and propensity score matching (PSM) was applied to validate the stability of the associations.

Results
Higher RFM was positively associated with asthma, with an inflection point at 34.08. Below this threshold, each unit increase in RFM was positively associated with a 2% increase in the odds of asthma (Odds ratio (OR) 1.02, 95% Confidence interval (CI): 1.00—1.03), while above it, the association strengthened, with a 5% increase in the odds per unit (OR 1.05, 95% CI: 1.04—1.07). The association was consistent across subgroups. The association between RFM and asthma is stronger in current asthma patients than in ever had asthma ones. Mediation analyses showed that SII and SIRI partially mediated 7.48% and 3.88% of the RFM-asthma association, respectively. The findings remained robust after sensitivity analyses and adjusting for confounding bias using PSM.

Conclusions
RFM is positively associated with the prevalence of asthma in the U.S., particularly among individuals with current asthma, with systemic inflammation partially mediating this relationship.

Supplementary Information
The online version contains supplementary material available at https://​doi.​org/​10.​1186/​s12944-024-02428-y.
Keywords
Relative fat massAsthmaSystemic inflammationNHANES
Abbreviations
	RFM
	Relative Fat Mass

	SII
	Systemic Immune-Inflammation Index

	SIRI
	Systemic Inflammation Response Index

	PSM
	Propensity score matching

	BMI
	Body Mass Index

	DXA
	Dual-energy X-ray absorptiometry

	WC
	Waist Circumference

	NLR
	Neutrophil to lymphocyte ratio

	PLR
	Platelet to lymphocyte ratio (PLR)

	NHANES
	National Health and Nutrition Examination Survey

	PIR
	Family poverty index ratio

	 VIF
	Variance Inflation Factor

	RCS
	Restricted cubic spline

	ASMD
	Absolute Standardized Mean Difference

	OR
	Odds ratio

	CI
	Confidence interval




Introduction
Asthma is a major global health issue, affecting approximately 339 million people of all ages. In 2017, it accounts for an estimated 297.92 disability-adjusted life years per 100,000 individuals. Furthermore, asthma imposes a substantial economic burden on healthcare systems, due to both direct medical costs and indirect expenses related to lost productivity [1]. Obesity is a significant, modifiable risk factor for asthma, with studies showing a higher prevalence of asthma among those with increased body fat [2–5]. Obesity and increased adiposity are also significant risk factors for the development of asthma [6]. Moreover, obesity and increased body fat are associated with worse asthma outcomes [6, 7], including more frequent and severe symptoms [8], reduced response to asthma medications and a reduced quality of life. This relationship may differ across different asthma statuses, such as between individuals who have a history of asthma and those who are currently living with asthma. In particular, individuals with a higher BMI may experience more difficulty in achieving adequate symptom control, even when treatment guidelines are followed [2]. Conversely, significant improvements in both asthma control and lung function can be observed with sufficient weight reduction [9, 10].
Despite the well-established link between obesity and asthma, there remains ongoing debate about the optimal method for assessing adiposity in asthma research. Body Mass Index (BMI), the most commonly used anthropometric measure, has limitations due to its inability to accurately reflect body fat distribution, particularly visceral fat, which is strongly linked to metabolic syndrome [11] and pulmonary dysfunction [12]. BMI can erroneously classify individuals with elevated body fat as either non-obese or metabolically healthy [13, 14]. Additionally, studies using dual-energy X-ray absorptiometry (DXA) have shown that trunk or central obesity is strongly associated with an increased risk of asthma [15]. Relative Fat Mass (RFM), which incorporates both height and waist circumference (WC), has been found to yield results consistent with DXA and magnetic resonance imaging. Given these advantages, we considered RFM as a more accurate measure of body fat distribution. Its health implications and simplicity make it a convenient tool for large-scale studies.
Recent studies have demonstrated that RFM is not only a reliable marker of obesity in the general population but also strongly associated with metabolic and cardiovascular risk factors, including diabetes [16], non-alcoholic fatty liver disease [17], heart failure, and coronary artery disease [18, 19]. In addition, RFM has shown superior predictive ability compared to BMI or WC, with higher area under curve values [20, 21] for conditions like diabetes, arthritis, high blood pressure and cardiovascular diseases. Notably, RFM has been identified as a strong predictor of cardiorespiratory fitness in school-aged children, surpassing other common indices [22]. Although direct studies linking RFM to respiratory diseases are limited, its strong correlation with other chronic diseases implies that RFM may serve as a valuable tool for assessing respiratory health, particularly in relation to obesity- related lung function impairment.
The mechanism by which obesity influences asthma is complex, involving both mechanical and biological factors. Obesity directly affects lung volume and increases pulmonary blood volume, further impairing pulmonary function. Beyond these mechanical limitations, obesity exacerbates asthma through chronic low-grade systemic inflammation driven by adipose tissue. This systemic inflammation not only promotes airway hyperresponsiveness but also contributes to airway remodeling [23]. Further research has shown that obese individuals with current asthma often experience more severe inflammation compared to those in remission [24]. Low-grade systemic inflammation is considered a hallmark of chronic asthma, extending beyond the airways to affect other systemic functions [25]. Inflammation plays a critical role in the onset and progression of asthma. Various immune cells, including neutrophils, monocytes, and lymphocytes, contribute to the inflammatory process [26, 27]. In this context, complete blood cell count-derived inflammatory biomarkers, such as neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), systemic immune-inflammation index (SII), and systemic inflammation response index (SIRI), have been widely used as prognostic markers in respiratory diseases [28–30]. Compared to traditional markers like NLR and PLR, SII and SIRI are newer indices that consider multiple blood cell, providing more comprehensive clinical insights. Notably, one study demonstrated that, among these markers, only SII and SIRI exhibited significant differences between asthma and non-asthma patients, highlighting their particular clinical value [31].
Given the limitations of traditional adiposity measures, there has been no research investigating the link between RFM and asthma. We aim to explore the association between RFM and asthma in both children and adults, while examining its predictive value across different asthma statuses in a large U.S. population sample. Additionally, we further investigated the mediating role of SII and SIRI in this relationship, exploring their unique contributions to the pathogenesis of asthma. Finally, we used sensitivity analyses and propensity score methods to test the robustness of our results.

Methods
Study design and population
The data for our study was derived from the National Health and Nutrition Examination Survey (NHANES), which is a continuous, population-based, cross-sectional survey designed to assess the health and nutritional status of the non-institutionalized U.S. civilian population. Conducted by the Centers for Disease Control and Prevention, NHANES collects data biennially through structured interviews, physical examinations and laboratory tests. The survey utilizes a stratified, multi-stage probability sampling design to ensure representative sampling. All survey protocols are reviewed and approved by the National Center for Health Statistics Ethics Review Board, and all participants provided written informed consent.
Participants in this study were enrolled from the NHANES cycle spanning 2007 to 2018, which encompassed data on both asthma and RFM for children and adults. Figure 1 illustrates the participant selection process employed in this research. This study initially recruited 59,842 participants from the NHANES 2007–2018 dataset. After excluding 9,679 participants with incomplete asthma questionnaire data and RFM definition, and 4,313 participants missing key blood cell data, 45,850 remained. An additional 31,451 participants with missing multivariable data were excluded. Finally, a total of 14,399 individuals were included in our analysis, among whom 2,228 were diagnosed with asthma.[image: ]
Fig. 1Flow chart of patient selection



Asthma classification
The participants' medical conditions were assessed through a self-administered questionnaire. Asthma was diagnosed based on the question: “Has a doctor or other health professional ever told you that you have asthma?”. Participants who answered negatively were categorized as never having asthma (the “never” group), whereas those responding affirmatively were regarded as asthma patients. Additionally, asthma status was further classified according to two subsequent questions:1) “Do you still have asthma?” 2) “During the past 12 months, have you had an episode of asthma or an asthma attack?” Those who responded positively to both questions were classified as having current asthma (the “current asthma” group), while all other participants were classified as ever having asthma (the “ever” group).

RFM
Height and WC were measured by a qualified health professional at the Mobile Examination Center. RFM [32, 33] was calculated based on participants’ age and gender using the following formulas: 1) For participants aged 8 to 14 years: RFM = 74 − (22 × (height/waist)) + (5 × sex). 2) For participants aged over 14: RFM = 64 − (20 × height/waist) + (12 × sex), where sex is coded as 1 for females and 0 for males. Furthermore, RFM values were stratified into three tertiles according to their distribution, with cut-off values defined as follows: Q1 score less than or equal to 30.14, Q2 score between 30.14 and 38.93, and Q3 score greater than 38.93.

Measurement of inflammatory biomarkers
Complete blood cell count measurements on blood specimens were performed using the MECs automated analytical instrument (Beckman Coulter MAXM; Beckman Coulter Inc.). Lymphocyte, neutrophil, monocyte, and platelet counts were reported as × 103 cells/μL. The following formulas were employed to calculate SII [34] and SIRI [35]:[image: $$\text{SII }= \left(\text{platelet count }\times \text{ neutrophil count}\right) / \text{lymphocyte count};\text{ SIRI }= \left(\text{neutrophil count }\times \text{ monocyte count}\right) / \text{lymphocyte count}.$$]





Covariables
In this research, covariables comprised demographic characteristics (age, gender, race and family poverty index ratio (PIR)), family history of asthma among relatives (family history of asthma), cotinine, inflammatory biomarkers (SII and SIRI) and biochemical parameters (Eosinophils, HDL-cholesterol and LDL-cholesterol).
Demographic data were systematically collected using a standardized questionnaire. Age was further classified as minors (age ≤ 18 years), adults (age > 18 to ≤ 60), and elderly people (age > 60 years). Race was classified as Mexican American, other Hispanic, non-Hispanic white, non-Hispanic black, or other. PIR [36] was classified as low-income (PIR ≤ 1.30), middle-income (PIR > 1.30 to ≤ 3.50) and high-income (PIR > 3.50). Family history of asthma was determined by the question: “Including living and deceased, were any of your close biological that is, blood relatives including father, mother, sisters or brothers, ever told by a health professional that they had asthma?”. We evaluated the exposure to tobacco smoke by determining the concentration of cotinine in serum, which was determined by isotope dilution-high-performance liquid chromatography/atmospheric pressure chemical ionization tandem mass spectrometry [37]. Cotinine was classified as [38]: cotinine < 0.05 ng/ml, cotinine 0.05—2.99 ng/ml, and cotinine ≥ 3 ng/ml. Biochemical parameters were evaluated following the stringent protocols delineated in the NHANES Laboratory/Medical Technician Procedures Manual.

Statistical analysis
R software (version 4.2.3) was used for data analysis and differences were considered statistically significant at P < 0.05. To enhance the representativeness of the research results, we followed the NHANES official recommended weighted procedures to process the data in this study. Continuous variables adhering to a normal distribution were expressed as mean ± standard deviation (SD), whereas those with a non-normal distribution were described as median and interquartile range [M (Q1, Q3)]; and the comparisons between groups were analyzed by t-test or Kruskal–Wallis H test. Qualitative variables were expressed as number and percentage [n (%)], and the chi-square test (χ2) or Fisher's exact test was employed for the comparisons between groups. To avoid multicollinearity, the variance inflation factor (VIF) was used to assess the covariables. The VIF of all covariables included was less than 5, indicating the absence of severe multicollinearity [39].
The relationship between asthma and RFM was assessed using logistic regression model. For the three tertiles, RFM Q1 was used as the reference group. Three logistic models were constructed for the analyses: Model 1 was a univariable analysis without adjustment for any confounding variables. Model 2 accounted for the main demographic variables (gender, age, race and PIR). Model 3 incorporated all covariables, further integrating family history of asthma, cotinine, SII, SIRI, Eosinophils, HDL-cholesterol and LDL-cholesterol. Additionally, we further explored the relationship between asthma statuses and RFM in the multivariable regression model, employing the same methods as we mentioned above. To visualize more closely the linear or non-linear association between asthma and RFM, curves were fitted using restricted cubic spline (RCS). If it was nonlinear, a threshold effect model was employed to investigate the association and identify the inflection point between RFM and asthma. Stratified analysis was performed in minors and adults.
Subgroup analyses and interaction term tests were performed to explore the consistency and interactions of the prognostic value of RFM across various subgroups. These subgroups were defined based on gender, age, race, PIR, family history of asthma and cotinine. We employed the “mediation” package to conduct mediation analyses, and the Bootstrap method was utilized to evaluate the proportion of the mediating effect attributed to SII and SIRI.
To improve the reliability of our findings, we performed three sensitivity analyses and propensity score matching (PSM). First of all, to address missing data and reduce potential bias, multiple imputation was employed for covariables with less than 20% missing values (family history of asthma, PIR, cotinine, and HDL). For the covariable LDL, which had 61.86% missing data, it was excluded from the analysis due to the high proportion of missing values. The imputation process was conducted using the Multiple Imputation by Chained Equations algorithm with the full conditional specification approach. These data were finally used to assess the association between RFM and asthma. Secondly, considering the predominance of adults in our study population, many of whom present multiple underlying conditions such as hypertension, diabetes, drinking status, cardiovascular diseases [40] or require controller asthma medication use [41], we used 3 models to evaluate the robustness of the findings. Model 4 extended Model 3 by including additional covariates: drinking status, hypertension, diabetes, and cardiovascular diseases. Model 5 further adjusted for controller asthma medication use based on Model 3. Model 6 combined all these variables to comprehensively account for potential confounders within the adult population. Lastly, to address the potential confounding effects of other respiratory diseases, a sensitivity analysis was performed by excluding participants diagnosed with chronic bronchitis and emphysema. Models 4–6 were then re-estimated to validate the consistency and robustness of our findings. Based on a 1:1 nearest neighbor matching algorithm, we used PSM to align the distribution of observed baseline covariables between never-asthma and asthma groups, thereby facilitating an efficient comparison of potential outcomes to assess sensitivity. Absolute Standardized Mean Difference (ASMD) was utilized to assess the balance of covariables before and after PSM. In the matched sample, we employed multivariable logistic regression analyses to evaluate the impact of RFM on asthma. Additionally, mediation analyses were conducted to assess the role of SII and SIRI in the relationship between RFM and asthma.


Results
Demographic characteristics of the study
A total of 14,399 participants were included in the study, with a median age of 42 years (Q1: 27, Q3: 58). The gender distribution was 7,003 males (48%) and 7,396 females (52%). Of the participants, 2,228 had been diagnosed with asthma, while 12,171 had never had asthma. The comparative analysis of participants with and without asthma demonstrated that, with the exception of HDL and LDL, significant differences were observed across all characteristics between the two groups (P < 0.05, Table 1). RFM was significantly higher in the asthma group compared to the non-asthma group (36 [29, 44] vs. 34 [28, 41], P < 0.001). When stratified by RFM tertiles, a significant trend was observed, with higher RFM tertiles being more prevalent among participants with asthma (P < 0.001).
Table 1The weighted demographic characteristics of study participants by asthma


	Variables
	Total (n = 14399)
	Never asthma(n = 12171)
	Asthma(n = 2228)
	P

	Gender (Males), n (%)
	7003 (48%)
	6010 (49%)
	993 (43%)
	< 0.001

	Age (years)
	42 (27, 58)
	43 (27, 58)
	38 (22, 56)
	< 0.001

	Age (years), n (%)
	 	 	 	< 0.001

	 ≤ 18
	2237 (12%)
	1783 (11%)
	454 (16%)
	 
	 18–60
	8552 (68%)
	7255 (68%)
	1297 (66%)
	 
	 > 60
	3610 (21%)
	3133 (21%)
	477 (18%)
	 
	Race, n (%)
	 	 	 	< 0.001

	 Mexican American
	2373 (9.1%)
	2134 (9.6%)
	239 (6.2%)
	 
	 Non-Hispanic black people
	2911 (11%)
	2370 (11%)
	541 (13%)
	 
	 Non-Hispanic white people
	5851 (66%)
	4865 (66%)
	986 (67%)
	 
	 Other Hispanic
	1497 (5.7%)
	1260 (5.7%)
	237 (5.8%)
	 
	 Other races
	1767 (7.8%)
	1542 (7.9%)
	225 (7.5%)
	 
	PIR, n (%)
	 	 	 	< 0.001

	 Low
	4858 (23%)
	4005 (22%)
	853 (27%)
	 
	 Medium
	5458 (37%)
	4650 (37%)
	808 (37%)
	 
	 High
	4083 (40%)
	3516 (41%)
	567 (36%)
	 
	Cotinine
	 	 	 	< 0.001

	 < 0.05 ng/ml
	7755 (55%)
	6716 (56%)
	1039 (49%)
	 
	 0.05–2.99 ng/ml
	3235 (20%)
	2671 (20%)
	564 (22%)
	 
	 ≥ 3 ng/ml
	3409 (25%)
	2784 (24%)
	625 (29%)
	 
	Segmented neutrophils
	3.60 (2.80, 4.70)
	3.60 (2.80, 4.60)
	3.80 (2.90, 4.90)
	< 0.001

	Lymphocyte
	1.90 (1.60, 2.40)
	1.90 (1.60, 2.30)
	2.00 (1.60, 2.40)
	0.002

	Monocyte
	0.50 (0.40, 0.60)
	0.50 (0.40, 0.60)
	0.50 (0.40, 0.70)
	0.001

	Eosinophils
	0.20 (0.10, 0.30)
	0.20 (0.10, 0.20)
	0.20 (0.10, 0.30)
	< 0.001

	TC
	4.73 (4.09, 5.46)
	4.76 (4.09, 5.46)
	4.63 (4.03, 5.46)
	0.036

	HDL
	1.34 (1.11, 1.60)
	1.34 (1.11, 1.63)
	1.32 (1.11, 1.58)
	0.100

	LDL
	2.79 (2.22, 3.41)
	2.79 (2.22, 3.41)
	2.72 (2.17, 3.39)
	0.120

	Platelet
	235 (201, 276)
	234 (200, 275)
	241 (205, 283)
	< 0.001

	SII
	435 (316, 617)
	434 (314, 613)
	447 (328, 634)
	0.013

	SIRI
	0.95 (0.65, 1.38)
	0.94 (0.65, 1.37)
	0.98 (0.67, 1.46)
	0.021

	Family history of asthma (Yes), n (%)
	3252 (22%)
	2215 (18%)
	1037 (45%)
	< 0.001

	RFM
	34 (28, 42)
	34 (28, 41)
	36 (29, 44)
	< 0.001

	RFM tertiles
	 	 	 	< 0.001

	 Q1
	4779 (33%)
	4120 (34%)
	659 (29%)
	 
	 Q2
	4686 (33%)
	4012 (34%)
	674 (31%)
	 
	 Q3
	4934 (33%)
	4039 (32%)
	895 (40%)
	 



Specifically, the proportion of participants in the highest tertile (Q3) was considerably greater in the asthma group (40%) than in the non-asthma group (32%). Additionally, the baseline characteristics of the three groups (never, ever and current asthma group) were outlined in appendix Table 1. RFM was significantly higher in the current asthma group compared to those who never had asthma (P < 0.001). The RFM tertiles showed distinct distributions across asthma status categories. Among participants without asthma, the distribution of RFM tertiles was 34% in Q1, 34% in Q2, and 32% in Q3. For individuals with a history of asthma, 33% were in Q1, 32% in Q2, and 35% in Q3. Notably, in the current asthma group, 19% of participants were in Q1, 29% in Q2, and 52% in Q3, indicating a higher proportion of participants with elevated RFM in the current asthma group (P < 0.001).

Relationship between RFM and asthma
RFM was stratified into three tertiles, and in the logistic regression analyses, a significant association between RFM and asthma was identified (Table 2). Compared to the first tertile of RFM group, OR for asthma in Q2 was 1.08 (95% CI: 0.93–1.25, P = 0.300) in the crude model, 1.25 (95% CI: 1.07–1.46, P = 0.006) in Model 2, and 1.26 (95% CI: 1.07–1.47, P = 0.005) in Model 3. In the Q3, the OR for asthma was 1.46 (95% CI: 1.25–1.69, P < 0.001) in the crude model, 1.88 (95% CI: 1.52–2.33, P < 0.001) in Model 2, and 1.81 (95% CI: 1.43–2.30, P < 0.001) in Model 3. The P value for trend tests across all three models were statistically significant, indicating a trend between RFM and asthma prevalence (P for trend < 0.001).
Table 2Relationship between RFM and asthma


	RFM
	Model 1
	Model 2
	Model 3

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

	Tertiles
	 	 	 	 	 	 
	 Q1
	Ref
	 	Ref
	 	Ref
	 
	 Q2
	1.08(0.93,1.25)
	0.300
	1.25(1.07,1.46)
	0.006
	1.26(1.07,1.47)
	0.005

	 Q3
	1.46(1.25,1.69)
	< 0.001
	1.88(1.52,2.33)
	< 0.001
	1.81(1.43,2.30)
	< 0.001

	P for trend
	 	< 0.001
	 	< 0.001
	 	< 0.001


Model 1 was adjusted for none. Model 2 was adjusted for gender, age, race and PIR
Model 3 was adjusted for all covariables. OR odds ratio, CI confidence interval



For RCS analysis, we used 5 knots to model the relationship between RFM and asthma. The knots were placed at the 5th, 27.5th, 50th, 72.5th, and 95th percentiles of the variable. RCS analysis indicated a non-linear relationship between RFM and asthma (P non-linear = 0.0013; Fig. 2). A threshold effect analysis of RFM on asthma was further conducted using two-piecewise linear regression. As shown in Fig. 2 and Table 3, the inflection point was 34.08. Below this threshold, each unit increase in RFM was positively associated with a 2% rise in asthma prevalence (OR 1.02, 95% CI: 1.00 −1.03, P = 0.035), while above 34.08, the odds increased by 5% per unit increase (OR 1.05, 95% CI: 1.04–1.07, P < 0.001). P for the log-likelihood ratio test < 0.001. In minors, the relationship between RFM and asthma was observed to be linear (P non-linear = 0.6960; Appendix Fig. 1A). The overall association was significant increase in asthma with higher RFM levels (P = 0.0163). In adults, a non-linear association was evident (P non-linear = 0.0071; Appendix Fig. 1B). A threshold effect analysis of RFM on asthma was conducted using two-piecewise linear regression. The inflection point was identified at 35.18 (Appendix Table 2). Below this threshold, each unit increase in RFM was associated with a 2% increase in asthma (OR 1.02, 95% CI: 1.00–1.04, P = 0.033). While above it, the odds of asthma increased by 5% per unit increase in RFM (OR 1.05, 95% CI: 1.03–1.08, P < 0.001).[image: ]
Fig. 2Restricted cubic spline curve fit between relative fat mass and asthma

Table 3Threshold effect analysis of the relationship of RFM with asthma by the two-piecewise linear regression


	Inflection point
	Adjusted OR (95% CI)
	P

	≤ 34.08
	1.02(1.00,1.03)
	0.035

	> 34.08
	1.05(1.04,1.07)
	< 0.001

	Log-likelihood ratio
	 	< 0.001


OR odds ratio, CI confidence interval



We further analyzed the relationship between RFM and asthma across different asthma statuses (Fig. 3). Compared to participants in the never group, those in the ever group showed no significant difference in the crude model. However, after adjusting for confounding factors, there was a significant increase in asthma prevalence in model 2 (OR = 1.03, 95% CI:1.02–1.04, P < 0.001) and model 3 (OR = 1.03, 95% CI:1.02–1.04, P < 0.001). For participants in the current group, all three models showed significant differences; specifically in model 3, each unit increase in RFM corresponded to an 8% increase in the odds of asthma (OR = 1.08, 95% CI:1.07–1.09, P < 0.001). Furthermore, in model 3, compared to the first tertile of RFM, participants in the ever group showed an increased prevalence of asthma in the third tertile (OR = 1.59, 95% CI:1.29–1.96, P < 0.001). In contrast, those in the current group demonstrated an elevated odds of asthma both in the second tertile (OR = 1.41, 95% CI:1.11–1.81, P = 0.006) and in the third tertile (OR = 3.00, 95% CI:2.26–3.98, P < 0.001).[image: ]
Fig. 3Relationship between RFM and asthma status. A Model 1 was adjusted for none. B Model 2 was adjusted for gender, age, race and PIR. C Model 3 was adjusted for all covariables. OR, odds ratio; CI, confidence interval



Subgroup analyses
We performed a subgroup analysis of RFM (Fig. 4), categorized by race, gender, age, PIR, family history of asthma and cotinine. RFM was significantly associated with asthma across various subgroups. Specifically, compared to the first tertile of RFM, the possitive association was observed among non-Hispanic black individuals (OR = 1.60, 95% CI:1.16–2.21) and non-Hispanic white individuals (OR = 1.89, 95% CI:1.36–2.62) in the third tertile. Furthermore, RFM was significantly associated with an increased odds of asthma across different genders (Male: OR = 2.13, 95% CI:1.26–3.62; Female: OR = 1.87, 95% CI:1.28–2.71), ages (≤ 18 years: OR = 2.08, 95% CI:1.30–3.33; 18–60 years: OR = 1.82, 95% CI:1.32–2.51), PIR (≤ 1.30: OR = 1.63, 95% CI:1.14–2.34; 1.30–3.50: OR = 1.93, 95% CI:1.26–2.97 and > 3.50: OR = 1.89, 95% CI:1.25–2.85), family history of asthma (No: OR = 1.76, 95% CI:1.31–2.37; Yes: OR = 1.84, 95% CI:1.26–2.68), and cotinine (< 0.05 ng/ml: OR = 1.95, 95% CI:1.36–2.81; 0.05–2.99 ng/ml: OR = 1.84, 95% CI:1.12–3.03) in the third tertile. No significant interactions between RFM and asthma were observed in the subgroups (all P for interaction > 0.05).[image: ]
Fig. 4Forest plots of relative fat mass for asthma in different subgroups. PIR: Family poverty index ratio, OR: Odds ratio, CI (confidence interval)



Mediation analyses
SII and SIRI partially mediated the association between RFM and asthma, accounting for approximately 7.48% of the total effect in SII and 3.88% in SIRI (Fig. 5 A, D; P < 0.05). Additionally, we further explored the mediating effects across different populations. The mediating effects remained significant in adults (Fig. 5 C, F; SII: 6.94%, P < 0.001; SIRI: 2.86%, P = 0.003), while it was not significant in minors (Fig. 5 B, E; SII: P = 0.875; SIRI: P = 0.922).[image: ]
Fig. 5Path diagram of the mediation analysis of inflammatory biomarkers (SII and SIRI) on the relationship between relative fat mass and asthma. A the mediating role of SII in the whole population. B the mediating role of SII in minors. C the mediating role of SII in adults. D the mediating role of SIRI in the whole population. E the mediating role of SIRI in minors. F the mediating role of SIRI in adults



Sensitivity analyses and PSM
After applying multiple imputation to handle missing data, we analyzed the dataset using three logistic regression models. RFM remained significantly associated with asthma (Appendix Table 3). Meanwhile, RFM showed a consistent association with asthma statuses (Appendix Fig. 2), with a stronger association observed in individuals with current asthma compared to those with a history of asthma. For adults, we further adjusted for drinking status, chronic conditions (hypertension, diabetes, and cardiovascular diseases), and controller asthma medication use. The results consistently demonstrated a significant association between RFM and asthma (Appendix Table 4). Additionally, in sensitivity analyses excluding adults diagnosed with chronic bronchitis and emphysema, the adjusted models yielded similar findings, further supporting the robustness of the association between RFM and asthma (Appendix Table 5). PSM was performed with all covariables included, which effectively rectified the imbalance in the matched sample groups, and the distribution of propensity scores became more balanced between the asthma and non-asthma cohorts. Absolute standardized differences are illustrated in appendix Fig. 3, and the effect size indice for all covariables remained at 0.1. In the matched sample, apart from the exposed variable RFM, no significant intergroup differences were observed in any other variables that had previously presented differences (Appendix Table 6). The relationship between RFM and asthma (Appendix Table 7), along with the mediating effects of SII and SIRI (Appendix Fig. 4) in the association between RFM and asthma, yielded consistent results. After adjusting for all covariables and compared to individuals in the first tertile of RFM, those in the second and third tertiles exhibited higher odds of asthma, with an OR of 1.32 (95% CI:1.06–1.66, P = 0.015) for the second tertile and 2.00 (95% CI:1.45–2.74, P < 0.001). The trend across all three models was statistically significant (P for trend < 0.05). The mediating effects remained significant (Appendix Fig. 4A, D; SII: 7.48%, P = 0.012; SIRI: 3.88%, P < 0.001).


Discussion
In this study, we observed a significant association between RFM and asthma, with higher RFM was consistently linked to an increased prevalence of asthma. This relationship was evident both in continuous and categorical analyses, with an inflection point identified at a RFM of 34.08. Subgroup analyses further validated the robustness of this association across various factors, including sex, age, race, PIR, family history of asthma and smoking exposure. Stronger associations were notably observed in current asthma patients than in ever had asthma ones. Furthermore, mediation analyses indicated that SII and SIRI partially mediated the relationship between RFM and asthma. These findings remained robust in sensitivity analyses and adjusting for confounding bias through PSM. To our knowledge, this is the first study to explore the relationship between RFM and asthma in a representative US population.
Previous research has consistently shown that obesity is a risk factor for asthma, but the metric for assessing obesity in asthma research remains under debate. Traditional measures such as BMI have limitations, as they fail to account for fat distribution. Emerging researches suggests that fat distribution in specific body regions, particularly the upper body, may have a more significant effect on lung function and asthma outcomes compared to lower body fat [42–45]. Therefore, new indicators, waist-to-hip ratio and WC, have demonstrated a more closely associated with asthma [46, 47]. RFM may also be a reliable indicator of the relationship between obesity and asthma. Firstly, it incorporates both height and WC, allowing for a more accurate assessment of health risks in individuals with the same weight but different body proportions. For clinical practitioners, RFM can identify individuals with lower stature but significant abdominal fat accumulation, who are often overlooked when relying solely on BMI. Secondly, RFM as a simple, non-invasive, and cost-effective measurement approach that can be effortlessly incorporated into conventional clinical practice for the identification of individuals with higher odds of asthma, and is easy to understand by the public. Our research indicates that RFM is not merely associated with asthma but also demonstrates a pronounced threshold effect. The threshold of RFM furnishes clinicians with a distinct intervention target, enabling the implementation of targeted intervention measures to achieve optimal physical condition. This is particularly important for individuals exceeding this threshold, given that asthma prevalence escalates significantly with each unit increase in RFM. Finally, RFM has demonstrated excellent suitability across diverse populations. Research indicates that, apart from the adult population, RFM provides superior accuracy in estimating the percentage of total body fat. In adolescents, its error rate in classifying overweight and obesity is significantly lower than BMI [32]. Our analyses also provided further insight into the complexity of the obesity-asthma relationship. The observed differences in asthma prevalence based on asthma status suggested that obesity were associated with a poorer control of asthma symptoms [48, 49], underscoring the necessity for personalized strategies in asthma management tailored to disease status.
In our study, the mediating role of systemic inflammatory markers such as SII and SIRI provided further support for the hypothesis that inflammation is a critical pathway linking obesity and asthma, which was consistent with growing evidences [50]. For asthmatic patients with obesity, the level of neutrophils in sputum increases significantly, thereby resulting in more severe airway inflammation [51]. Additionally, the level of IL-17A in the sputum of these patients is also higher than that of lean patients [52]. This cytokine, IL-17A, plays a crucial role in the recruitment of neutrophils, and airway hyperresponsiveness was not observed in the absence of this factor [53]. As we delved deeper into our research, we observed that SII and SIRI significantly mediate the obesity-asthma relationship in adults but not in younger populations. This disparity may arise from differences in immune system maturity and inflammatory response mechanisms between adults and children. In younger individuals, the immune system is still maturing, making it less responsive to obesity-induced chronic inflammation [54, 55]. As a result, children may exhibit a different inflammatory profile compared to adults, with potential variations in the types of immune cells involved. While adults typically show a stronger inflammatory response characterized by increased neutrophil accumulation in the airways, children are more likely to have eosinophil-driven airway inflammation, which could explain why SII and SIRI do not mediate the obesity-asthma relationship in the pediatric population [56]. Furthermore, the response to treatment varies across age groups, suggesting that asthma's underlying mechanisms differ between adults and children [57]. In younger populations, asthma may be more influenced by local allergic responses rather than the systemic inflammation marker. This distinction underscores the importance of age-specific asthma management strategies. A systematic survey of obesity-related biomarkers showed that IL-6 and adiponectin are potential biological mediators linking obesity and asthma in children [58]. These biomarkers, along with others, could provide insights into how obesity affects asthma in the pediatric population, where immune system maturation and inflammatory mechanisms differ from those seen in adults. This age-related difference highlights the need for further research to better understand the specific inflammatory pathways in children with asthma and obesity. Given the unique physiological characteristics of the pediatric population, more targeted interventions focusing on childhood obesity-related biomarkers and localized airway inflammation are necessary to optimize asthma treatment in this group.
Based on these findings, we proposed the following practical significance: Early identification of individuals with elevated RFM provides a scientifically sound basis for targeted weight management and anti-inflammatory strategies, particularly in high-risk groups. The identified threshold of RFM (34.08) marks a critical point where the relationship between RFM and asthma significantly intensifies. The sharp increase underscores the importance of this threshold as a clinical marker for identifying individuals at heightened odds of asthma exacerbations and more severe disease progression. For those exceeding the RFM threshold, personalized interventions such as dietary modifications and increased physical activity can be particularly beneficial, as these strategies not only address obesity but also help reduce inflammation, which is closely linked to asthma exacerbations. Additionally, incorporating RFM into community screening programs can serve as an effective tool for early detection of high-risk individuals. By using RFM as an accessible and simple measure, healthcare professionals can identify those who may benefit from early interventions, raising public awareness about the connection between obesity and asthma, and ultimately improving health outcomes. Furthermore, the threshold could be considered a key marker in preventive asthma care, potentially guiding clinical decision-making on when to initiate more aggressive interventions. Future research should explore RFM’s applicability across different populations and investigate its long-term impact on asthma prevention. As well as its combined effect with other biomarkers of inflammation, to refine personalized management strategies.
Our study has several strengths. Firstly, we used RFM as an indicator of obesity, compared to traditional measures (such as BMI), which do not fully consider the important factor of fat distribution in asthma. By incorporating both height and WC, RFM provides a more accurate measure of obesity-related asthma prevalence, particularly in identifying individuals with central obesity. Secondly, we used a large-scale and representative sample of the US population and employs sensitivity analyses and robust statistical methods PSM, to adjust for potential confounders. This enhances the generalizability and reliability of the findings. Thirdly, identifying an RFM threshold associated with higher asthma odds provides clinicians with a clear, actionable target for intervention, aiding in the development of personalized asthma management strategies. Additionally, the comprehensive subgroup analyses shed light on the stronger associations in specific populations, offering valuable insights into population-specific asthma prevalence.
Meanwhile, there are limitations to consider. As the study is cross-sectional in design, it is limited in establishing causality between RFM and asthma, and longitudinal cohort studies are required to confirm this relationship in future. Additionally, while systemic inflammatory markers such as SII and SIRI were examined as mediators, they only captured part of the complex inflammatory processes involved in asthma. Other important mechanisms may be involved. Future research should consider investigating additional factors, such as metabolic syndrome or localized lung inflammation, to further explore the potential mechanisms linking RFM to asthma. Furthermore, as the study sample was primarily based on the U.S. population, the findings may not be fully generalizable to other ethnic groups or countries. Future research should consider including more diverse populations to assess whether the observed associations between RFM and asthma hold across different ethnicities and healthcare settings. Finally, further research is needed to explore the relationship between RFM and asthma in children and adolescents, as the underlying mechanisms may differ across age groups.

Conclusion
RFM was positively associated with asthma, with an inflection point identified at 34.08. Stronger associations were observed in current asthma patients. SII and SIRI were identified as partial mediators of this relationship, emphasizing the role of inflammation in asthma for obese individuals. Clinically, RFM as a more precise and actionable metric, providing a clear target for early intervention strategies like weight management and anti-inflammatory treatments. These findings highlight RFM's potential for broader clinical use in routine practice, helping healthcare providers identify individuals with higher asthma odds and tailor personalized management, especially in high-risk populations.
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