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[Abstract] Objective To investigate the relationship between very long chain saturated fatty acids (VLCSFAs)
levels in the serum of American adults and chronic kidney disease (CKD), thereby providing new insights for the
prevention and treatment of CKD. Methods Using data from the 2011-2014 National Health and Nutrition
Examination Survey (NHANES), individuals under 20 years of age and those lacking serum creatinine, blood urea
nitrogen, urine albumin-to-creatinine ratio (WACR), or other covariate data were excluded. Estimated glomerular
filtration rate (eGFR) was calculated using the CKD-EPI (2009) equation. The independent relationship between
VLCSFAs and CKD was examined using weighted multivariate logistic regression, the XGBoost machine learning model,
and subgroup analyses. Restricted cubic splines (RCS) were used to test for nonlinear associations. Results A total of 4164
participants were analyzed. Serum VLCSFAs levels differed significantly between the CKD and non-CKD groups (P <
0.05). In fully adjusted models, weighted multivariate logistic regression revealed a decreasing trend in CKD risk with
increasing serum VLCSFAs levels, particularly for docosanoic acid, tricosanoic acid, and lignoceric acid, which
significantly reduced CKD risk (docosanoic acid: odds ratio [OR] = 0.17, 95% CI: 0.06-0.43, P < 0.001; tricosanoic acid:
OR = 0.02, 95% CI: 0.002-0.15, P < 0.001; lignoceric acid: OR = 0.13, 95% CI: 0.04-0.40, P < 0.001). RCS analysis showed
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no nonlinear association between VLCSFAs and CKD. The XGBoost machine learning model identified triacontanoic

acid as the most important factor for CKD risk. Subgroup analysis indicated that docosanoic acid, tricosanoic acid, and

lignoceric acid exerted protective effects only in CKD participants with concomitant hypertension, while showing no

impact on those with diabetes, coronary heart disease, or stroke. Conclusion Elevated circulating VLCSFAs levels in US

adults are associated with reduced CKD risk. Further large-scale prospective studies are needed to validate these findings.
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Table 1 Baseline characteristics of study participants

Variable Non-CKD (n =3606) CKD (n = 558) P

Agelyr.” 46.8 +17.2 592+17.6 <0.001
Male/case (%)" 1777 (49.3) 264 (47.3) 0.412
Race/case (%)" 0.001

White 2138 (59.3) 310 (55.6)

Black 889 (24.7) 176 (31.5)

Other 579 (16.1) 72 (12.9)
BMI/(kg/m’)" 28.7+6.7 299+73  <0.001
PIR® 25+16 22+15  <0.001
Education/case (%)" <0.001

Less than 9th grade 266 (7.4) 86 (15.4)

9-11th grade 457 (12.7) 105 (18.8)

High school 753 (20.9) 118 (21.1)

Associate degree 1130 (31.3) 159 (28.5)

College or above 1000 (27.7) 90 (16.1)

CHD/case (%)* 94 (2.6) 50(9.0)  <0.001
Stroke/case (%)" 95 (2.6) 45(8.1)  <0.001
Hypertension/case (%)" 1128 (31.3) 348 (62.4) < 0.001
Diabetes/case (%)" 349 (9.7) 186 (33.3)  <0.001
Drinking/case (%)" 2705 (75.0) 380 (68.1) < 0.001
Smoking/case (%)" 1518 (42.1) 284(50.9)  <0.001
uACR/(mg/g)’ 8.0+56 270.6 £889.0 < 0.001
BUN/(mmol/L)° 44+16 60+36  <0.001
SCr/(mg/dL)" 0.9+02 12409  <0.001
eGFR/(mL/[min-1.73m’])" 129.5 + 33.3 11354472 <0.001
VLCSFAs/%

Arachidic acid® 0.200 + 0.029 0.195+0.031 <0.001

Docosanoic acid’ 0.566 + 0.106 0.537 +£0.102 < 0.001

Tricosanoic acid” 0.243 +0.045 0.232+0.047 <0.001

Lignoceric acid” 0.483 +0.091 0.457 +0.087 < 0.001

BMI: body mass index; PIR: income-to-poverty ratio; CHD: coronary
heart disease; uACR: urine albumin creatinine ratio; BUN: blood urea
nitrogen; SCr: serum creatinine; eGFR: estimated glomerular filtration rate;
VLCSFAs: very long-chain saturated fattyacids. * Chi-square test; ® Student's
t-test.
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Table 2 Logistic regression analysis of the relationship between VLCSFAs and CKD
Unjusted Model 1 Model 2 Model 3
VLSFAs
OR (95% CI) P OR (95% CI) P OR (95% CI) P OR (95% CI) P
Arachidic acid 0.003 (0.00-0.08) <0.001 0.01 (0.00-0.35) 0.010 0.02 (0.00-0.44) 0.015 0.05 (0.00-1.42) 0.818

Docosanoic acid 0.06 (0.03-0.15) <0.001 0.12 (0.05-0.29)

Tricosanoic acid 0.003 (0.00-0.03) <0.001 0.01 (0.00-0.06)

Lignoceric acid 0.03 (0.01-0.09) <0.001 0.08 (0.03-0.22)

<0.001 0.12 (0.05-0.30) <0.001
<0.001 0.01 (0.00-0.07) <0.001

<0.001 0.09 (0.03-0.25) <0.001

0.17 (0.06-0.43) < 0.001
0.02 (0.00-0.15) < 0.001

0.13 (0.04-0.40) <0.001

OR: odds ratio. Adjusted for: Model 1: age and gender; Model 2: additionally adjusted for race, education, income-to-poverty ratio (PIR) and body mass

index (BMI) status; Model 3: additionally adjusted for drinking, smoking, diabetes, hypertension, coronary heart disease (CHD) and stroke.
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Fig 1 RCS analysis of the nonlinear relationship between VLCSFAs and CKD

OR: odds ratio; CKD: chronic kidney disease.
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Fig 2 Relative importance of parameters inXGBoost machine learning model analysis for CKD
BMI: body mass index; PIR: poverty to income ratio; CHD: coronary heart disease; CKD: chronic kidney disease. A, The most important features for predicting CKD.

The X-axis shows the importance score, representing the relative importance of the variables used to split the data; the Y-axis shows the selected variables. B, Partial effect
of VLSFAs on CKD prediction.
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Table 3 Logistic regression analysis of the relationship between VLCSFAs and CKD in participants with hypertension

Unjusted Model 1 Model 2 Model 3
VLSFAs
OR (95% CI) p OR (95% CI) P OR (95% CI) P OR (95% CI) P
Arachidic acid 0.004 (0.00-0.24) 0.008 0.01 (0.00-0.30) 0.012 0.01 (0.00-0.56) 0.027 0.002 (0.00-1.34) 0.070
Docosanoic acid 0.07 (0.02-0.21) <0.001 0.09 (0.03-0.29) <0.001 0.11 (0.03-0.36) <0.001 0.13 (0.04-0.44) <0.001
Tricosanoic acid 0.003 (0.00-0.05) <0.001 0.004 (0.00-0.06) <0.001 0.01 (0.00-0.08) <0.001 0.01 (0.00-0.12) <0.001
Lignoceric acid 0.05 (0.01-5.99) <0.001 0.06 (0.02-0.24) <0.001 0.09 (0.02-0.34) <0.001 0.11 (0.03-0.43) <0.001
Use the same notations as in Table 2.
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Table 4 Logistic regression analysis of the relationship between VLCSFAs and CKD in participants with diabetes
Unjusted Model 1 Model 2 Model 3
VLCSFAs
OR (95% CI) 2 OR (95% CI) P OR (95% CI) P OR (95% CI) P
Arachidic acid 0.001 (0.00-0.53) 0.033 0.001 (0.00-0.51) 0.032 0.002 (0.00-0.79) 0.015 0.002 (0.00-1.12) 0.058
Docosanoic acid 0.14 (0.03-0.71) 0.020 0.18 (0.03-0.95) 0.047 0.19 (0.03-1.03) 0.059 0.19 (0.03-1.08) 0.066
Tricosanoic acid 0.01 (0.00-0.54) 0.026 0.01 (0.00-0.64) 0.032 0.01 (0.00-0.76) 0.039 0.01 (0.00-0.94) 0.050
Lignoceric acid 0.22 (0.03-1.35) 0.104 0.24 (0.25-1.57) 0.138 0.26 (0.04-1.79) 0.177 0.28 (0.04-1.92) 0.195

Use the same notations as Table 2.



182 IR (B2 578
®5 BEEEASTE RS 5E P VLCSFAs5CKDHI X &
Table 5 Logistic regression analysis of the relationship between VLCSFAs and CKD in participants with coronary heart disease
Unjusted Model 1 Model 2 Model 3
VLCSFAs
OR (95% CI) p OR (95% CI) P OR (95% CI) p OR (95% CI) P
Arachidic acid 0.05 (0.00-2368.47)  0.595 0.06 (0.00-2807.36)  0.611 1.77 (0.00-181679.61)  0.922 18.36 (0.00-4828275.87)  0.641
Docosanoic acid ~ 0.16 (0.01-3.86) 0.259 0.19 (0.01-4.76) 0.308 0.39 (0.01-12.31) 0.590 0.61 (0.02-24.53) 0.794
Tricosanoic acid ~ 0.02 (0.00-35.52) 0.308 0.02 (0.00-36.60) 0.304 0.05 (0.00-170.72) 0.475 0.25(0.00-1312.91) 0.753
Lignocericacid  0.05 (0.00-2.05) 0.120  0.07 (0.00-2.77) 0.160  0.27,(0.00-15.18) 0.520  0.53,(0.01-39.65) 0.769
Use the same notations as in Table 2.
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Table 6 Logistic regression analysis of the relationship between VLCSFAs and CKD in participants with stroke
Unjusted Model 1 Model 2 Model 3
VLCSFAs
OR (95% CI) P OR (95% CI) OR (95% CI) P OR (95% CI) P
Arachidic 1808.04 (0.02-366679966.61) 0.214 1236.45 (0.01-359419216.80) 0.252 0.00 (0.01-3085563081.45) 0.200 141492.22 (0.19-218 488 670744.89) 0.091
acid
Docosanoic 0.44 (0.01-12.81) 0.632 0.35(0.01-11.02) 0.551 0.40 (0.01-14.15) 0.610 0.57 (0.01-25.79) 0.769
acid
Tricosanoic 5.53 (0.00-12708.165) 0.656 4.12 (0.00-11968.10) 0.718 5.47 (0.00-19535.72) 0.673 11.71 (0.00-65512.75) 0.560
acid
Lignoceric 0.32(0.01-21.33) 0.590 0.33 (0.00-25.28) 0.611 0.35(0.00-31.50) 0.641 0.46, (0.00-55.15) 0.747
acid

Use the same notations as in Table 2.
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