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Relative fat mass (RFM) serves as an emerging metric for estimating body fat composition. This 
study evaluates the association between RFM and chronic kidney disease (CKD) using data from 
the National Health and Nutrition Examination Survey (NHANES) covering the years 2005–2018. 
Descriptive statistics were applied to characterize the study population, and logistic regression 
models assessed the relationships between body mass index (BMI), waist circumference (WC), RFM, 
and CKD. To further elucidate the RFM–CKD association, subgroup analyses, restricted cubic spline 
(RCS) modeling, sensitivity analyses, and mediation analyses were conducted. A positive trend was 
observed, with higher RFM values correlating with increased CKD risk. Compared to the lowest RFM 
quartile, individuals in the highest quartile exhibited a significantly elevated CKD risk (OR = 1.82; 95% 
CI 1.46–2.27; p < 0.001). Mediation analysis identified neutrophil-to-lymphocyte ratio, hemoglobin, 
glycated hemoglobin, and uric acid as significant mediators in this association, with hemoglobin 
exerting a potentially protective influence. RFM is associated with CKD, suggesting that attention to 
RFM may be helpful for CKD research.
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Chronic kidney disease (CKD) represents a critical global public health concern. The 2017 Global Burden of 
Disease (GBD) study estimated that approximately 698 million individuals were affected by CKD worldwide, 
corresponding to a global prevalence of 9.1%. Notably, the prevalence among females exceeded that of males 
by approximately 30%1,2. Between 1990 and 2017, global all-age CKD prevalence increased by 29.3%, primarily 
due to population aging and growth, while the age-standardized prevalence remained nearly constant, with 
a marginal change of 1.2%. Over the same period, CKD-related mortality rose by 41.5%, although the age-
standardized mortality rate fluctuated insignificantly by 2.8%, without statistical significance. CKD advanced 
from the seventeenth to the twelfth leading cause of death globally between 1990 and 20171. In the United States, 
recent data from the Centers for Disease Control and Prevention (CDC) indicate that approximately 14% of 
adults are affected by CKD3. Projections considering shifts in demographic profiles, obesity, and diabetes trends 
suggest that CKD prevalence could escalate to 29–68% by 20304.

Obesity, characterized by excessive adipose tissue accumulation, arises from a combination of genetic, 
environmental, and behavioral influences. According to the World Health Organization (WHO), obesity is 
defined by a BMI exceeding 30 kg/m2, while a BMI between 25 and 30 kg/m2 denotes overweight status5. However, 
BMI presents limitations in accurately evaluating obesity, as individuals with similar BMI values may differ 
substantially in fat distribution and body composition6. Furthermore, BMI inadequately captures abdominal 
adiposity. While waist circumference (WC) offers improved insight into abdominal obesity and is associated 
with visceral fat, it does not distinguish between subcutaneous and visceral adipose compartments7,8. To address 
these limitations, Woolcott et al. developed the relative fat mass (RFM) index, which incorporates height and 
WC to provide a more accurate estimate of total body fat percentage in adults9. RFM has demonstrated superior 
precision in reflecting body fat compared to BMI9 and is strongly associated with chronic conditions such as 
hypertension, type 2 diabetes, and heart failure10–12.
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Given these findings, RFM appears to hold considerable potential as a predictor of chronic disease risk. 
However, the relationship between RFM and CKD remains insufficiently explored. It is hypothesized that RFM 
may serve as a robust anthropometric marker for identifying individuals at risk for CKD. This study employed 
data from the NHANES to examine the association between RFM and CKD and compare the predictive strength 
of BMI, WC, and RFM in relation to CKD. In summary, this study advances understanding of the role RFM may 
play in elucidating the link between obesity and CKD risk.

Methods
Study design and population
The NHANES is a nationally representative, cross-sectional survey administered by the National Center for 
Health Statistics (NCHS), a division of the CDC in the United States. Utilizing a complex, multistage probability 
sampling design, NHANES collects detailed health and nutritional data from a diverse U.S. population to 
assess public health status at the national level13. The survey protocol is approved by the NCHS Research Ethics 
Review Board to ensure compliance with ethical standards, and written informed consent is obtained from all 
participants (NCHS Research Ethics Review Board Approval). For this analysis, NHANES data spanning from 
2005 to 2018 were used, encompassing an initial cohort of 70,190 participants. Exclusion criteria were applied to 
enhance data integrity: individuals under 18 years of age (n = 28,047), those with missing CKD status (n = 2318), 
incomplete RFM data (n = 4104), and absent values for key covariates (n = 8336) were excluded. The participant 
selection process is illustrated in Fig. 1.

Fig. 1.  Participant flowchart for the 2005–2018 NHANES.
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Exposure variable
The exposure variable was RFM, calculated using WC, height, and gender. Anthropometric measurements were 
performed by trained health technicians at Mobile Examination Centers (MECs). WC was measured at the upper 
lateral border of the right iliac crest using a non-stretchable measuring tape, with participants standing upright 
at the end of normal expiration. Height was recorded using a portable stadiometer. The RFM was calculated 
using the formula: RFM = 64−(20 × height / WC) + (12 × gender), where gender was coded as 1 for females and 
0 for males9.

Outcome variable
The outcome variable was CKD, defined in accordance with the Kidney Disease: Improving Global Outcomes 
(KDIGO) guidelines14. CKD was diagnosed based on the presence of either an estimated glomerular filtration 
rate (eGFR) below 60  mL/min/1.73 m2 or a urine albumin-to-creatinine ratio (ACR) of 30  mg/g or greater. 
eGFR was calculated using the 2021 Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation, 
adjusted for age and sex15. Thus, CKD was defined as eGFR < 60 mL/min/1.73 m2 and/or ACR ≥ 30 mg/g.

Covariates
Key covariates included demographic variables, health behaviors, hypertension, diabetes mellitus (DM), 
hemoglobin (HGB), neutrophil-to-lymphocyte ratio (NLR), cardiovascular disease (CVD), physical activity level, 
and uric acid (UA). Demographic data comprised age, WC, educational attainment, BMI, marital status, poverty 
income ratio (PIR), and race. Health behaviors encompassed smoking and alcohol use. Age was categorized into 
three groups: 18–45, 46–60, and ≥ 60 years. PIR was classified as < 1.00, 1.00 < 2.00, and ≥ 2.00. Racial groups 
included Mexican American, non-Hispanic White, non-Hispanic Black, and Other (Other Hispanic and other 
non-Hispanic race including non-Hispanic multiracial). Marital status was divided into married, never married, 
divorced/widowed, and other. Education levels were grouped as less than 11th grade, high school graduate, 
some college, and college graduate or above. Smoking status was defined as current (regular smoking, ≥ 100 
cigarettes), former (previously smoked ≥100 cigarettes but not currently smoking), and never (< 100 cigarettes 
over a lifetime). Alcohol use was classified as ever (≥ 12 drinks in a lifetime) or never (< 12 drinks in a lifetime). 
Physical activity level was stratified into inactive, moderate, vigorous, and combined moderate-vigorous, 
based on self-reported participation in high-intensity activities (e.g., running, basketball, fitness training) 
and moderate-intensity activities (e.g., brisk walking, swimming, cycling at a steady pace). Hypertension was 
defined by self-reported history, current use of antihypertensive medications, physician diagnosis, or measured 
systolic blood pressure ≥ 140 mmHg or diastolic blood pressure ≥ 90 mmHg16. DM diagnosis was based on self-
reported history, glycated hemoglobin (HbA1c) ≥ 6.5%, use of hypoglycemic agents or insulin, random or 2-h 
OGTT blood glucose ≥ 11.1 mmol/L, or fasting blood glucose ≥ 7.0 mmol/L17. CVD status was determined by 
the presence of coronary heart disease, congestive heart failure, myocardial infarction, stroke, or angina. NLR, a 
marker of systemic inflammation, was calculated as the ratio of absolute neutrophil count to absolute lymphocyte 
count, derived from complete blood count data using a Beckman Coulter automated hematology analyzer in the 
MEC, and expressed as × 103 cells/µL 18. The specific covariates included NLR, HGB, glycated hemoglobin, and 
UA, which were incorporated into the mediation analysis.

Statistical analysis
Statistical analyses were conducted using R software (version 4.4.1). To improve population representativeness, 
data weighting procedures were applied. Statistical significance was defined as a two-sided P-value < 0.05. RFM 
was stratified into quartiles (RFMQ): 7.75 ≤ Q1 < 29.19, 29.19 ≤ Q2 < 34.98, 34.98 ≤ Q3 < 42.78, 42.78 ≤ Q4 ≤ 57.29, 
with Q1 designated as the reference group for comparison purposes. Descriptive statistics for continuous 
variables were reported as means with standard deviations or medians with interquartile ranges, while categorical 
variables were expressed as proportions. Linear regression models were employed to assess the associations of 
BMI, WC, and RFM with CKD prevalence. Four sequential regression models were constructed: the unadjusted 
baseline model; Model 1, adjusted for age, sex, and race; Model 2, further adjusted for marital status, PIR, and 
educational level; and Model 3, additionally adjusted for smoking status, alcohol use, hypertension, CVD, and 
physical activity level. To further investigate the association between RFM and CKD, restricted cubic spline (RCS) 
analysis was performed. Subgroup analyses were stratified by sex, age, smoking status, race, hypertension, and 
CVD status. Mediation analysis was conducted to examine whether selected variables mediated the association 
between RFM and CKD. Considering the simplicity and fitting performance of the model, covariates from 
Model 2 were retained, and HbA1c, HGB, UA, and NLR were selected as mediators. Causal mediation analysis 
within the potential outcomes framework was performed to estimate indirect effects of RFM on CKD through 
these mediators, with decomposition into average causal mediation effect (ACME), average direct effect (ADE), 
and total effect. A nonparametric bootstrap approach with 1,000 resamples was applied to derive confidence 
intervals (CIs) and assess statistical significance. The percentile method was used to construct 95% CIs, thereby 
avoiding assumptions regarding the normality of effect distributions. Sensitivity analyses were performed using 
the “mice” package to address missing data and enhance the robustness of the findings.

Results
Characteristics of the participants
A total of 27,385 individuals were included in the analysis, with a mean age of 46 years. Participant characteristics, 
stratified by RFM quartiles, are summarized in Table 1. The gender distribution was balanced, with 49.05% male 
and 50.95% female. Hypertension and diabetes were reported in 32.92% and 9.78% of participants, respectively, 
with significantly higher prevalence observed in the Q4 group relative to lower quartiles. Non-Hispanic White 
individuals represented the largest ethnic subgroup (69.54%). Young adults (18–45 years) constituted the largest 
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Characteristic Total (n = 27,385)
Q1 (n = 6,847)
(7.75 ≤ Q1 < 29.19)

Q2 (n = 6,846) 
(29.19 ≤ Q2 < 34.98)

Q3 (n = 6,846) 
(34.98 ≤ Q3 < 42.78)

Q4 (n = 6,846) 
(42.78 ≤ Q4 ≤ 57.29)

p-
value

Gender n (%)  < 0.001

Male 13,548 (49.05%) 6628 (96.37%) 5357(73.48%) 1553(20.36%) 10 (0.17%)

Female 13,837 (50.95%) 219 (3.63%) 1489. (26.52%) 5293 (79.64%) 6836 (99.83%)

Age n (%)  < 0.001

20–45 12,226 (47.98%) 3858 (60.93%) 2774 (45.21%) 3090(46.15%) 2504(38.43%)

46–60 6872(28.57%) 1564 (25.35%) 1750 (30.41%) 1669 (28.58%) 1889(30.12%)

 > 60 8287 (23.46%) 1425(13.72%) 2322(24.38%) 2087 (25.28%) 2453(31.45%)

PIR n (%)  < 0.001

 < 1 5512 (13.28%) 1381 (13.54%) 1166 (10.93%) 1242 (11.87%) 1723 (17.26%)

1 ≤ to < 2 7239 (19.83%) 1666 (18.09%) 1747 (18.10%) 1796.00 (19.57%) 2030(24.10%)

 ≥ 2 14,634(66.89%) 3800 (68.37%) 3933 (70.97%) 3808.00 (68.55%) 3093 (58.64%)

Race n (%)  < 0.001

Mexican American 4090(7.96%) 766(6.77%) 1100 (8.67%) 926 (6.88%) 1298 (9.75%)

Non-Hispanic White 12,225 (69.54%) 2959(68.28%) 3277 (71.93%) 3243 (71.78%) 2746 (65.67%)

Non-Hispanic Black 5518 (10.07%) 1563 (10.98%) 1128 (7.44%) 1229 (8.80%) 1598 (13.47%)

Other 5552 (12.44%) 1559(13.97%) 1341 (11.96%) 1448 (12.54%) 1204 (11.11%)

Marital status n (%)  < 0.001

Married 14,303 (56.25%) 3444 (52.81%) 4079 (62.18%) 3642 (57.16%) 3138 (52.42%)

Divorced or Widowed 5023 (15.63%) 770 (8.91%) 967.00 (12.03%) 1383 (18.39%) 1903 (24.22%)

Never married 4915 (17.66%) 1748 (26.27%) 1076 (16.13%) 1064 (14.24%) 1027 (13.50%)

Other 3144 (10.45%) 885 (12.01%) 724 (9.66%) 757 (10.21%) 778 (9.85%)

Educational level n (%)  < 0.001

Less than 11th grade 6097 (14.18%) 1421 (13.70%) 1538 (13.63%) 1337 (12.67%) 1801 (17.10%)

High school graduate 6261 (22.85%) 1547 (21.54%) 1562 (22.76%) 1508 (21.73%) 1644 (25.72%)

Some college 8363 (32.05%) 1911 (29.00%) 1962 (31.09%) 2228 (33.38%) 2262 (35.12%)

College graduate or above 6664 (30.92%) 1968 (35.76%) 1784 (32.51%) 1773 (32.22%) 1139 (22.06%)

Smoke status n (%)  < 0.001

Never 15,089 (55.30%) 3370 (51.94%) 3326 (51.16%) 4126 (58.82%) 4267 (59.79%)

Former 6734(25.07%) 1552 (22.42%) 2185 (30.46%) 1518 (23.20%) 1479 (24.12%)

Current 5562 (19.63%) 1925 (25.63%) 1335 (18.38%) 1202 (17.98%) 1100 (16.09%)

Alcohol use n (%) 23,768 (89.97%) 6287 (93.41%) 6253 (92.76%) 5818 (88.80%) 5410 (84.21%)  < 0.001

Hypertension n (%) 10,157 (32.92%) 1636 (20.57%) 2675 (34.52%) 2432 (31.40%) 3414 (46.95%)  < 0.001

Diabetes mellitus n (%) 3624 (9.78%) 447 (4.12%) 954 (9.86%) 826 (8.69%) 1397 (17.39%)  < 0.001

Physical activity level n (%)  < 0.001

Inactive 14,302 (47.48%) 3133 (41.00%) 3300 (42.42%) 3805 (51.94%) 4064 (55.49%)

Moderate 6726 (26.75%) 1493 (22.83%) 1637 (26.84%) 1806 (28.72%) 1790 (28.85%)

Vigorous 1304(4.71%) 465 (6.49%) 399 (5.94%) 244.00 (3.29%) 196 (2.91%)

Moderate and vigorous 5053 (21.07%) 1756 (29.68%) 1510 (24.81%) 991 (16.04%) 796 (12.74%)

CVD n (%) 2781 (7.93%) 482 (5.03%) 861 (9.27%) 660 (7.60%) 778 (10.11%)  < 0.001

CKD n (%) 5001 (14.09%) 792 (7.53%) 1344 (14.19%) 1300 (15.60%) 1565 (19.75%)  < 0.001

BMI (kg/m2) 27.90 (24.20, 32.50) 24.86 (22.60, 26.89) 29.40 (23.90, 32.20) 26.29 (23.98, 30.25) 33.90 (30.65, 38.50)  < 0.001

WC (cm) 97.90 (87.20, 109.20) 90.90 (83.60, 96.50) 105.20 (82.50, 111.50) 90.90 (85.40, 98.20) 108.90 (102.40, 118.30)  < 0.001

eGFR (mL/min/1.73 m2) 94.23 (78.97, 108.15) 96.49 (83.15, 109.49) 92.45 (78.37, 106.38) 94.68 (79.47, 108.83) 92.00 (74.57, 107.43)  < 0.001

ACR (mg/g) 6.50 (4.32, 11.49) 5.01 (3.64, 8.03) 6.37 (4.20, 11.38) 7.14 (4.80, 12.79) 7.88 (5.28, 14.67)  < 0.001

LDL (mg/dL) 111 (89, 136) 109 (88, 133) 110 (88, 135) 111 (88, 137) 115 (93, 138)  < 0.001

HDL (mg/dL) 51 (42, 62) 50 (41, 60) 48 (39, 60) 56 (45, 68) 51 (43, 61)  < 0.001

TG (mg/dL) 101 (69, 150) 91 (64, 134) 105 (72, 160) 96 (67, 139) 118 (83, 167)  < 0.001

HGB (g/dL) 14.30 (13.30, 15.30) 15.10 (14.40, 15.80) 14.80 (13.80, 15.70) 13.80 (12.90, 14.60) 13.50 (12.70, 14.20)  < 0.001

HbA1c (%) 5.40 (5.20, 5.70) 5.30 (5.10, 5.60) 5.40 (5.20, 5.80) 5.40 (5.20, 5.70) 5.60 (5.30, 6.00)  < 0.001

NLR 1.96 (1.50, 2.60) 1.87 (1.43, 2.47) 2.00 (1.55, 2.65) 2.00 (1.52, 2.64) 2.00 (1.53, 2.63)  < 0.001

UA (mg/dL) 4.64 (3.57, 5.71) 4.64 (3.93, 5.71) 4.64 (3.57, 5.71) 4.28 (3.57, 5.36) 4.28 (3.57, 5.71)  < 0.001

Table 1.  Baseline characteristics of the study population stratified by quartiles of RFM. ACR: Albumin 
creatinine ratio; BMI: body mass index; CVD: cardiovascular disease; CKD: Chronic kidney disease; eGFR: 
glomerular filtration rate; HbA1c: glycated hemoglobin; HDL: HDL-cholesterol; HGB: hemoglobin; LDL: 
LDL-cholesterol; NLR: neutrophil/lymphocyte ratio; PIR: poverty income ratio; TG: Triglyceride; UA: uric 
acid; WC: waist circumference.
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age group (47.98%), whereas older adults formed the smallest subgroup. The average BMI was 27.90 kg/m2, 
and the mean WC was 97.90 cm. The overall prevalence of CKD was approximately 14.09%, with a rate nearly 
threefold higher in Q4 compared to Q1.

Relationship between RFM and CKD
Associations between BMI, WC, RFM, and CKD are detailed in Table 2. In unadjusted models, each standard 
deviation (SD) increase in BMI and WC was associated with a 2% and 3% elevated risk of CKD, respectively. 
Additionally, each 1 SD increase in RFM corresponded to a 4% increase in CKD risk. To further examine these 
relationships, RFM was categorized into quartiles. Following multivariable adjustment for gender, age, race, 
PIR, marital status, educational attainment, smoking, alcohol use, hypertension, CVD, and physical activity, 
adjusted odds ratios (ORs) for each RFM quartile relative to Q1 were computed (Table 3). The highest quartile 
(Q4) demonstrated a significantly elevated CKD risk compared to the lowest (Q1), with an OR of 1.82 (95% 
CI 1.46–2.27; P < 0.01). Moreover, a significant positive trend was observed across RFM quartiles in relation 
to CKD prevalence (P for trend < 0.001). Dose–response analysis revealed a statistically significant non-linear 
association between RFM and CKD risk (P-non-linear < 0.0001), as illustrated in Fig. 2.

Subgroup analysis
Subgroup analyses were conducted to explore the relationship between RFM and CKD across different 
populations, stratified by age, gender, race, hypertension, and CVD. The findings from these analyses are 
presented in Fig.  3. Age and gender significantly influenced the correlation between RFM and CKD (all P 
for interaction < 0.05), while no significant interactions were found for race, hypertension, or CVD. Among 
individuals aged over 46 years, a significant association between RFM and CKD was observed. Within racial 
subgroups, stronger associations were found in non-Hispanic Black, Mexican American, and non-Hispanic 
White populations.

Mediation analysis
Additionally, mediation analysis identified HGB, HbA1c, NLR, and UA as mediators in the RFM-CKD 
relationship. All four mediators significantly contributed to the association, with NLR accounting for 4.45%, 
HGB for 2.11%, HbA1c for 35.20%, and UA for 5.85% of the effect (P < 0.001). Notably, HGB exerted an 
inhibitory effect on the relationship between RFM and CKD, as shown in Fig. 4.

Sensitivity analysis
To address potential biases from missing data, multiple imputation with 5 replications was performed. After 
imputation, the OR for the highest RFM quartile compared to the lowest was 1.85 (95% CI 1.48–2.31; P < 0.001). 
The trend test remained significant for both groups (P for trend < 0.0001), as detailed in Table 4.

Discussion
This cross-sectional study, utilizing NHANES data from 2005 to 2018, identified a statistically significant positive 
association between higher RFM values and an increased risk of CKD.

Obesity has long been linked to a range of chronic conditions, including CVD, diabetes, and hypertension 
10–12. Individuals with obesity are at an elevated risk of developing CKD compared to those with normal weight 

RFMQ

Crude Model Model1 Model2 Model3

OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

Q1
(7.75–29.19) Ref Ref Ref Ref

Q2
(29.19–34.98) 2.03(1.79–2.30) * 1.73(1.51–1.98) * 1.72(1.50–1.97) * 1.48(1.29–2.20) *

Q3
(34.98 -42.78) 2.27(1.98–2.61) * 2.41(1.97–2.95) * 2.34(1.91–2.86) * 1.80(1.47–2.20) *

Q4
(42.78–57.29) 3.02(2.64–3.46) * 3.02(2.44–3.75) * 2.78(2.25–3.44) * 1.82(1.46–2.27) *

P for trend  < 0.0001  < 0.0001  < 0.0001  < 0.0001

Table 3.  Association between RFMQ and CKD Model 1 was adjusted for age, gender, and race; Model 2 was 
adjusted for age, gender, race, marital status, PIR, and educational level; Model 3 was further adjusted for 
alcohol use, smoking status, hypertension, CVD, and physical activity level, based on the adjustments in Model 
2; * p < 0.001

 

RFM BMI WC

OR (95% CI) 1.04(1.04–1.05) 1.03(1.02–1.04) 1.02(1.02–1.02)

P-value  < 0.001  < 0.001  < 0.001

Table 2.  Association between RFM, BMI, WC and CKD. OR: odds ratio; 95%CI: 95% confidence intervals.
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or those who are overweight. This relationship is thought to stem from the detrimental effects of obesity on renal 
function, which can lead to inflammation and insulin resistance. Overweight and obesity have recently been 
recognized as independent risk factors for CKD and end-stage renal disease (ESRD)19. A comprehensive cohort 
study by Hsu et al. in Northern California further highlighted overweight and obesity as significant, modifiable 
risk factors for ESRD20. Lipotoxicity and ectopic lipid deposition in the kidneys (fatty kidney) have emerged 
as key mechanisms in obesity-related CKD, alongside other contributing factors such as insulin resistance, 
disrupted adipocytokine balance, hypertension, and glomerular hypertension21,22.

Although BMI is the most commonly used metric for diagnosing obesity, it has notable limitations. BMI 
does not distinguish between different components of body composition, such as fat, muscle, and bone, nor 
does it account for fat distribution (e.g., abdominal vs. peripheral fat)23,24. Fluid retention can also skew 
BMI measurements in clinical settings25. While magnetic resonance imaging (MRI) can accurately measure 
abdominal obesity and explore its relationship with complications, its complexity and impracticality make it 
unsuitable for routine clinical use26. In light of BMI’s limitations, alternative indicators such as waist-to-hip ratio 
(WHR) and WC have been employed to investigate the link between abdominal obesity and CKD. Previous 
research has shown an independent association between WC and CKD incidence, regardless of BMI27–29. RFM 
represents a newer obesity indicator 9, demonstrating stronger correlations with body fat percentage as estimated 
by dual-energy X-ray absorptiometry (DXA) than BMI, across large cohorts from the United States, Chile, and 
Korea9,30,31. Compared to traditional measures like BMI and WHR, RFM is more accurate in estimating total 
body fat percentage32. To date, however, no studies have explored the association between RFM and CKD.

Weight loss in obese individuals with CKD leads to reduced urinary protein levels and slowed decline in 
GFR33. In linear regression, a strong association between the obesity indicators (BMI, WC, and RFM) and 
CKD was observed (P<0.001). Without adjustment for covariates, a 1 SD increase in BMI, WC, and RFM 
was associated with a respective 3%, 2%, and 4% increased risk of CKD. Notably, RFM quartiles showed a 
significantly stronger association with CKD than BMI and WC quartiles (Supplementary Table 1). When the 
lowest RFM quartile was used as the reference, the highest quartile was linked to a markedly increased risk 
of CKD (OR = 1.82; 95% CI: 1.46–2.27; P < 0.001). Moreover, as RFM was stratified into quartiles, the positive 
association between RFM and CKD prevalence not only persisted but also became more pronounced with 
increasing RFM (P for trend < 0.001). The correlation between RFM and CKD was significantly influenced 

Fig. 2.  Nonlinear relationship between RFM and CKD, based on restricted cubic spline (RCS) analysis. 
Reference = 35. RFM values are presented as raw percentages. All covariates from Model 3 were adjusted. The 
red shaded area represents the 95% confidence intervals for the fitted results.
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by age (P for interaction < 0.05). Subgroup analyses revealed a significant association between RFM and CKD 
incidence in individuals older than 46 years, likely due to the compounded effects of aging and obesity on renal 
function. Aging results in increased glomerular permeability, reduced glomerular volume, glomerular sclerosis, 
and a decrease in nephron number, which may amplify the adverse effects of obesity on renal function in older 
individuals34. Furthermore, RCS analysis revealed a significant non-linear positive correlation between RFM 
and CKD (P-non-linear < 0.001).

Obesity is characterized by chronic low-grade systemic inflammation, which has been shown to play a critical 
role in the pathogenesis of chronic renal failure. CKD is a chronic inflammatory condition where inflammation 
serves as a key initiator of progressive tubulointerstitial fibrosis, ultimately leading to ESRD35–37. NLR is a well-
established marker of systemic inflammation 38 and an independent risk factor for the progression of renal 
disease in patients with stages 1–4 CKD39. In light of these findings, it is hypothesized that NLR may mediate 
the relationship between RFM and CKD. The present study indicates that NLR significantly mediates the 
association between RFM and CKD, accounting for 4.45% of the effect. In addition, interactions between HGB 
and serum UA have been observed in the context of incident CKD, highlighting the synergistic effects of anemia 
and hyperuricemia in the onset of CKD 40. Chronic low-grade systemic inflammation in obese individuals 
can contribute to anemia41, while UA is recognized as an independent risk factor for CKD42. Based on these 
findings, it is postulated that HGB may also mediate the relationship between RFM and CKD. This study 
demonstrates that HGB significantly mediates the association between RFM and CKD, acting as a protective 
factor. The mediation proportion for HGB was 2.11%, while the mediation proportion for UA was 5.85%. This 
effect may be attributed to the ability of anemia and hyperuricemia to induce oxidative stress and inflammation 
in the extracellular matrix and endothelial cells, resulting in glomerular hypertension, sclerosis, increased renal 
vascular resistance, inadequate renal blood perfusion, and decreased renal eGFR34,43,44. Moreover, the decline in 
renal function exacerbates anemia and impairs the clearance of blood UA45–47. Furthermore, prolonged obesity 
leads to insulin resistance, which increases the risk of developing diabetes—a recognized contributor to CKD. 

Fig. 3.  Subgroup and interaction analyses of RFM and CKD. Multivariable weighted logistic regression model 
adjusted for age, gender, race, marital status, PIR, educational level, alcohol use, smoking status, hypertension, 
CVD, and physical activity level.
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Mediation analysis also revealed that glycated hemoglobin plays a significant mediating role between RFM and 
CKD, with an estimated mediation proportion of approximately 35.20%.

This study has several notable strengths. First, it is the first to explore the association between RFM and the 
risk of CKD using a large and representative sample of the US population, while effectively adjusting for potential 
confounders. Second, compared to DXA, RFM measurement is more accessible, does not involve radiation 
exposure, and offers a practical alternative for clinical use. Third, even after employing multiple imputation to 
address missing data, a significant association between RFM and CKD remains evident.

However, several limitations must be acknowledged. First, due to the cross-sectional design, this study cannot 
establish a causal relationship between RFM and the development of CKD. Second, the use of a single time-point 
(< 3 months) measurement of serum creatinine and urine albumin from the NHANES may introduce bias in the 
diagnosis of CKD. Additionally, certain variables, such as medical history and healthcare utilization, are based 
on self-reported data, which may be subject to recall and response biases. Finally, the RFM variable, calculated 

RFMQ

Crude Model Model1 Model2 Model3

OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

Q1
(7.75–29.19) Ref Ref Ref Ref

Q2
(29.19–34.98) 1.98(1.78–2.20) * 1.68(1.50–1.89) * 1.72(1.52–1.96) * 1.48(1.31–1.73) *

Q3
(34.98 -42.78) 2.19(1.95–2.46) * 2.25(1.89–2.67) * 2.30(1.90–2.77) * 1.80(1.47–2.20) *

Q4
(42.78–57.29) 3.01(2.69–3.38) * 2.83(2.34–3.44) * 2.77(2.27–3.92) * 1.85(1.48–2.31) *

P for trend  < 0.0001  < 0.0001  < 0.0001  < 0.0001

Table 4.  Association between RFMQ and CKD after multiple imputation. Model 1 was adjusted for age, 
gender, and race; Model 2 was adjusted for age, gender, race, marital status, PIR, and educational level; Model 
3 was further adjusted for alcohol use, smoking status, hypertension, CVD, and physical activity level, based on 
the adjustments in Model 2; * p < 0.001.

 

Fig. 4.  Mediation analysis. ACME: Average Causal Mediation Effect; ADE: Average Direct Effect. Mediation 
pathways were analyzed using bootstrapping (1,000 simulations).
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from height and WC rather than direct body fat measurements, may introduce measurement inaccuracies, 
potentially affecting the study’s validity.

Conclusion
In conclusion, the findings of this study reveal a significant positive association between RFM and CKD. 
Furthermore, NLR, HGB, HbA1c, and UA were identified as substantial mediators in the relationship between 
RFM and CKD, with HGB may server as a protective factor. 

Data availability
The analysis in this study utilized publicly available datasets, which can be accessed at ​h​t​t​p​s​:​/​/​w​w​w​.​c​d​c​.​g​o​v​/​n​c​
h​s​/​n​h​a​n​e​s​/​​​​​.​​
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