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[Abstract] Objective To explore the relationship between the aggregate index of systemic in-
flammation (AISI) and the risk of cardiovascular disease (CVD) in patients with chronic kidney disease
(CKD). Methods Data from National Health and Nutrition Examination Survey (NHANES) 2007 -
2018 were extracted. Participants were grouped by the presence or absence of CVD for group difference
analyses. Machine learning algorithms were used to screen important features to construct model covari-
ate subsets. The Sharpe value from random forest was applied to evaluate covariate contributions. Based
on AISI quartiles, multi-model logistic regression and trend tests were performed, the model perfor-

mance was evaluated, and subgroup analyses were conducted. Results A total of 5 007 participants were
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ultimately included, including 3 741 in the no-CVD group (74.72%) and 1 266 in the CVD group
(25.28%). AISI in the CVD group was significantly higher than that in the no-CVD group (338. 38 vs
309. 32, P<<0.001). In the final model, increasing AISI showed a linear positive association with CVD
risk in CKD patients (P for overall <C0.001; P for nonlinear=0.074) (OR=1.216, 95%CI: 1.127-
1.311). The performance of the final model was stable (AUC=0.763, 95%CI: 0.749-0.778). CVD
risk increased in CKD patients who were male, younger/middle-aged, obese, and had hypertension.
Conclusions  AISI is significantly and linearly positively associated with CVD risk in CKD patients. The

model constructed using machine learning demonstrated stable performance and provides theoretical and

data-based evidence for early identification, prevention, and management of CVD in CKD patients.
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disease ; Cross-sectional study ; Machine learning
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Fig 1 Ranking of covariate feature importance

portance ranking based on the random forest model
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Tab 1 Baseline characteristics of participants

TH SR (#=5007) JECVDH (n=3741)  CVDH(n=1266) /E P&
P 1(%) ] 38.87 << 0.001
5 2320(41.91) 1.630(39. 60) 690(50.10)
& 2 687(58.09) 2 111(60. 40) 576(49.90)
IR (Y 7+ ) 60. 00£0. 31 57.19£0. 36 69.97+0. 33 26. 07 <20. 001
BMI(kg/m*,z +s) 30. 160. 16 29.92+0. 19 31. 040. 27 3. 44 <<0. 001
Wi (mmHg, 7 =+ 5) 131. 76+0. 46 130. 85+0. 52 134.97+0.78 4.62 <20.001
#75K K (mmHg, 7 + 5) 69. 56+0. 31 70. 67£0. 32 65. 64+0. 54 8.95 <20.001
B[ 1(%) ] 2908(58.35) 2227(59.82) 681(53. 14) 15.77 <20.001
WA [ 45 (% ) ] 2435(47.96) 1717(45.54) 718(56. 56) 41.80 <<0. 001
A (%) ]
1w Il 3165(58.95) 2144(52.79) 1.021(80.78) 278.28 <0. 001
BRI 2074(35.09) 1391(30.35) 683(51.89) 175.12 <0. 001
5 P BH S M e 198(3.85) 101(2.61) 97(8.26) 74.15 <<0. 001
fiyd 836(18. 02) 529(15. 43) 307(27.23) 81.01 <0. 001
AISI(mmol/L,z + ) 315.72+3. 52 309. 32+3. 99 338.38+7. 04 3.60 <<0. 001
MM (g/L,x+5) 138. 20+0. 40 138. 80+0. 40 135. 900. 60 -4.90 <0. 001
/MR (10°/1,7 + 5) 233.13+1. 18 238. 48+1. 33 214, 16+2. 27 -9. 58 <<0. 001
IR (/L2 +s) 0.177+0. 01 0.171%0. 01 0. 194%0. 02 0.94 0. 350
AR /NERIE S R [ mL smin "+ (1. 73 m?) "] 73.20+0. 55 77.55+0. 66 57.79+0. 60 -23.76 <<0. 001
JRER (mmol/L,z +5) 6. 340+0. 050 5. 980+0. 061 7.660%0. 114 12.16 <20. 001
I ULEF (pmol /L, x =+ 5) 97.24+0. 88) 92. 8240. 88) 114.92+1. 77 9.57 <<0. 001
H#EH (g/L,.T£5) 41.70%0. 10 41.90%0. 10 40. 800. 10 -6.76 <<0. 001
REHRE A (U/L,x£5) 24.55%0. 45 24. 60%0. 39 24.35+1. 48 -0.16 0.870
R 2w (U/ L, £ 5) 26.59+0. 40 26.53%0. 43 26. 79+0. 84 0.28 0.777
HZEE (mmol /L, 7+ 5) 6. 490+0. 049 6. 400+0. 059 6. 860+0. 103 3.85 <<0. 001
Bifbimer B E (%, 2+ 5) 6. 1940. 03" 6. 1240. 03 6. 45+0. 06 4.92 <<0. 001
S [ S (mmol /L, z =+ 5) 5. 0000. 026 5.110(0.029) 4.620(0.032) -12.28 <20. 001
=B (mmol/L,z £ 5) 1.430(0.016) 1.420(0.018) 1.480(0.033) 1.66 0.100
fR# R & 1 (mmol /L, & + 5) 2.770(0.012) 2.810(0.015) 2.590(0.021) -7.65 <<0. 001
= IR & 1 (mmol /L, & + 5) 1.370(0. 011) 1.390(0.013) 1.290(0. 016) -5.92 <0. 001

TE : CKD S8 B IE s AIST R REGME SRS G465 CVD Rl il 49295 ; BMI A4 F 1541 1 mmHg=0. 133 kPa.
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Fig 2 Sharpe interpretation of the covariate subset based on the random forest model ~2A. Distribution plot of SHAP values (dis-
tribution of each covariate feature’s contribution to model prediction outcome) ; 2B. Case example waterfall plot (illustrative

sample’s covariate contributions to the predicted outcome )
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Tab2 Multi-model logistic regression of AISI and the occurrence of CVD in CKD patients

e [xi/p| LA 2 AL 3
Pz OR{H 95%CI P{E OR1E 95%CI PiE OR1H 95%CT P{E
AISI 1172 1.102~1.246 <0.001  1.127  1.055~1.203 <0.001  1.216  1.127~1.311 <<0. 001
Q1 - - - - - - - - -
Q2 1.020  0.844~1.232 0.839  0.980  0.804~1.193 0.837  1.090  0.885~1.341 0.418
Q3 1.251  1.041~1.504 0.017  1.122  0.925~1.361 0.244  1.298  1.053~1.600 0.014
Q4 1.584  1.324~1.89 <0.001  1.400  1.159~1.693 <0.001  1.748  1.408~2.173 <<0. 001
[EE:T R - - <<0. 001 - - <20. 001 - - <20. 001
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Fig 3 Model evaluation

3A. Restricted cubic spline plot of the final model; 3B. Comparison of ROC curves among the three

models; 3C. Comparison of decision curves among the three models; 3D. Comparison of calibration curves among the three models
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