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Abstract

Background and Objective: As a newly proposed lipid ratio index, the non-high-density lipoprotein
cholesterol to high-density lipoprotein cholesterol ratio (NHHR) has demonstrated significant ad-
vantages in cardiovascular risk assessment and metabolic disease management. However, its rela-
tionship with chronic kidney disease (CKD) remains unclear. This study aimed to investigate this
potential association. Methods: Utilizing data from the National Health and Nutrition Examination
Survey (NHANES) spanning 2011 to 2014, we conducted a cross-sectional study consisting of 9,420
participants. Multivariate logistic regression and restricted cubic spline (RCS) models were em-
ployed to examine the association between NHHR and CKD. Subgroup analysis and sensitivity anal-
ysis were performed to evaluate the robustness of the results. Results: When NHHR was treated as
a continuous variable, it was associated with an increased risk of CKD (OR =1.06,95% CI: 1.01~1.12,
p = 0.030). As a categorical variable, NHHR showed no significant linear trend with CKD risk after
adjusting for confounding variables (p for trend = 0.293). However, the RCS model revealed a J-
shaped nonlinear correlation between them (p for overall < 0.001; p for nonlinear < 0.001), with
the lowest CKD risk observed at NHHR = 2.65. Subgroup analysis confirmed the stability of these
findings, and sensitivity analysis supported the robustness of this nonlinear relationship. Conclu-
sions: Elevated NHHR levels are positively associated with CKD risk progression, with an optimal
threshold of 2.65 corresponding to the nadir of disease risk. These findings suggest that NHHR may
serve as a clinically useful lipid parameter for CKD risk prediction.

Keywords
Non-HDL-Cholesterol, HDL-Cholesterol, CKD, NHANES, Cross-Sectional Study

Copyright © 2026 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0

1. 5]

P VRS (CKDYRIFR T 23R A 3k DA BBl M 23R 10% A, BT 8.5 A1) B&%
SO IR B, OB RETH, DURBSIRTEC AN, HA, CKD ERNAREBREL —,
RO L, XPASE R AR T B SR[1].

VST ST U 125 15 LT (UACRY RIS 320V 1 SRIEL 3 (eGER). AT, Tt
R SR (R 25— AR UACR XN T A0 A0 B TR P BT A, T T
ML URFIE ) cGFR % 525060 . PEAURIDLA B2 D8 IR BRI, TR S0 b 6

ik

DOI: 10.12677/acm.2026.161041 275 Il PR 155 2 33k Jé


https://doi.org/10.12677/acm.2026.161041
http://creativecommons.org/licenses/by/4.0/

#
NI

%

PLANFEBAT (L Wik 2R, SEBL CKD f 5 109 708 LA s 3 X

MEAER, e 2 P AR R 1 A ] 5 v % P R B 1 R B LU (NHHR) SR T T2 63, RN B R 4
TS A AR X AL BN Sk e FERE AL . NHHR CUR E O SO I G R K [3], FFEon it ST B
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5 CKD K2 AR RN KR, ETEN CKD 15 5 B 52 Augr AR bR £, I+ N SEHLHIRT 78R
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2.1. MRFR

NHANES & — I T AN BB R A, 5 PS5 E N D RATE FRR GG AR TR 7 2011
% 2014 “£ff] NHANES #¥i . 2 5#F WHERRARAED R (1) M4 2) RN T 20 %5 (3) AN EME
A FRgE. BAE K MVLEFRSCr). JREAZEE - JUE LE(UACR). % B i 8 1 JH [ BE(HDL-C) AL
FEE(TOBIEA TR (4) B GABERFBMDAERWO S (5) i3 12 A W ENRIT .
AN 9420 42 5% . Z5ETERZEERILE 1,

2011-20145ENHANESS 5% (N = 19931)

HebR: MR INTF205E
(N =8757)

MASHHISSE (N =11174)

Hepk: AOZ/CKD/NHHREUEATESE
(N=1277)

MADTTHIESE (N =9897)
HiR: BE12ABHITEMATRIEE
(N=21); Hibk: BAEIEPBMIESE
(N =271), WCEKEN = 185)

BREPNDITHISSE (N =9420)

FoCKDZE (N =7749) FCKDZ&E (N =1671)

Figure 1. Flowchart of the study population
B 1. ANTR AR T RIZE

2.2. NHHR ME 3 FRA07F4H

FAEARE LT AT

(1) NHHR = (TC-HDL-C) (mg/dL)/HDL-C (mg/dL) [11];
(2) BMI = A& (kg)/ & 2 (m?);

(3) eGFR f# ] CKD-EPI A=0itH5H[12];

(4) UACR(mg/g) = FK H 85 H (mg/dL)/ IR IVLEF (g/dL).
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2.3.CKD, SIME. DM, i MEEFLEISHET

CKD & SUNAE 5B /NERBEIL % (e GFR) < 60 ml/min/1.73m? B8R (A 2 A NLEF LLAE(UACR) > 30 mg/g [13].
FILED DM 2 Wit F a6 B RS G R . O MBI (CVD)ZIE i i 4 H A 178 ik O
JIFEE S e O IR A A B XU SR E [14]

2.4. HipthZ BT

W E DL N VR AR AR . RS PRI BN A R SN DA A R R VT TR
PAFM . Ry BT RFEEE A HALTEEET & BT & AN ETUEET & LA R A R %
ZHERREDN: B9 EG 90~11 FEH. mh il G0 KFE ok E 22 hn . Kbk L L
BMI 1 WC K k45 5 . H il =B8(TG). TC. HDL-C. IMi&EH & H(GLU). HRBREILFHEEEF(ALT).
RITZBIRAFE L BBIAST). M85(Ca)s BE(P). MR FZZ(BUN). M ALEF(SCr)AIM IR BR(SUA) Y@L A
SIS = 3R . R O LB R 3 AR e AR o AR RS L dE R . TR AMICERE . R TEYS
RIS AR B AT, FL— A= AR 22 /0 100 2 N34 58 SONWRAR s 72 R A Al —F 2 /DA 12 #R98 1)
NBER AR

2.5. G EAE

SR S BT T IESYARL, AR IESSMIESAR, RSP LERD 6 5 R, If
i id Mann-Whitney U f 30 HEAT 7341, 20 888 DIUSIEURI B 73 LU FRoR,  HERH R TR S IEAT LEAL

RH 242 82 RA 50 1T NHHR (70 A E RIELL AL & /K8 &) S CKD Z [F 1)KL ik fii 2
RITH, BRI, B 0 A, BAL 1 EEBERY . MR MRRIEE AT, B 2 g
RS ME. DMy CVD. K 77i&3h . EAMPGPPIRGL; B8 3 i —2P % BMI. WC. GLU. BUN,
SCr #1 SUA. 7E77 KA, NHHR # VU587 Q1-Q4 24, Hoh Q1 NS4, R BRI 52 74
Z(RCS)EANEE NHHR 5 CKD Z [ANEAEMFE R MK R, FHAES 100 50 F1 90 H LA E =41
Ao RCS A b (1) p AR i 8 5 X 5 08 48 e A A A R A )

b5, 18 A HTRESS R — 5, S 5E U AT 040 k(<44 B 45~59 %,
>60 %), PEHl. Rk, BHEKF. BMI(<18.5kg/m?. 18.5~24.9 kg/m?. 25.0~29.9 kg/m2. >30kg/m?). M
M O RS, mifiE. DM T CVD. i FBUSHE S IT i R et . ik —: B iR Ui
BEBAN, FEHiE NHHR DU 8041, 75 NHHR 5 CKD Rl ik, RAZE TIERHE
(ROC) i1 2 e EEB T, FF %1% 84 NHHR 2 NPi4dl, Wb miE k&

FRA Siit o M H 48 R (A 4.4.2)811 SPSS (WA 27) 84 3E T, p <0.05 BB gt L.

3. 858
3.1. 25 HNELRSE

AL 9420 42 5F, HrdE CKD 41 7749 N, CKD 41 1671 A(¥% 1). WHILLEEAAAE
BEZEF(<0.05). CKD HEREK(HIME: 64 5 vs.45 %), Lotk HHIFE 5i(53.32% vs. 50.08%), JETE
PEF 5 2B N LEAP) B 51(30.04% vs. 20.42%), UE FEEERART: “ JUEFE LA 7FT & Eegl o 13.05% vs. 7.34%) .
CKD ZH AR AT ThREFE AR B S50 22, Q1 BMI 3 51(28.80 kg/m? vs. 27.50 kg/m?) . FEFE 5K (102.00 cm vs.
96.30 cm). TG F /&(135.00 mg/dL vs. 114.00 mg/dL). GLU % &(5.61 mmol/L vs. 5.16 mmol/L). BUN ¥ &
(15.00 mg/dL vs. 12.00 mg/dL). UACR T (41.21 mg/g vs. 6.29 mg/g), T eGFR F1(59.93 mL/min/1.73m?
vs. 97.42 mL/min/1.73m?), 1 TC JZifi %A% (184.00 mg/dL vs. 189.00 mg/dL), % &N &R 25T 8. 1t
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vs. 41.63%) 1 KR 2B BT iy o AH, CKD ZHEAT 4 77 iE 8 LR, an “ IR B2 7 (23.35% vs. 29.42%)
EAERZ, P42 B NHHR JoH &2 5 (R 472 2.69vs.2.64, p=0.157). iX3K W NHHR 5 CKD 2
[A] (1) 2 8 P REAN S AT B I AR K 3R, T A AE AR S IR(EL B DX T) A R AR R A8 4k o 94, 24 NHHR IS sl i
i, CKD KU T RERZ RN, HIERNX — al, FATHEIRANHIRTT T P& Z A Kk

Table 1. Baseline characteristics of the study population

1. EE5ENELHE

TiH REL(N = 9420) 4E CKD (N = 7749) CKD (N = 1671) p value

WY (years) 48.00 (34.00, 62.00) 45.00 (32.00, 59.00) 64.00 (51.00, 75.00) <0.001

50, n (%) 0.016
% 4648 (49.34) 3868 (49.92) 780 (46.68)
% 4772 (50.66) 3881 (50.08) 891 (53.32)

PR n (%) <0.001
S|P REEE A 1130 (12.00) 973 (12.56) 157 (9.40)
HALTGHEF & 921 (9.78) 775 (10.00) 146 (8.74)
R B AP 3817 (40.52) 3136 (40.47) 681 (40.75)
AETUEE T B 2084 (22.12) 1582 (20.42) 502 (30.04)
FoAth 1468 (15.58) 1283 (16.56) 185 (11.07)

HEKF, n(%) <0.001
KT 954 787 (8.35) 569 (7.34) 218 (13.05)
9~11 £E2 1270 (13.48) 977 (12.61) 293 (17.53)
i 2025 (21.50) 1651 (21.31) 374 (22.38)
KEZ eI % A 2904 (30.83) 2435 (31.42) 469 (28.07)
KDL | 2434 (25.84) 2117 (27.32) 317 (18.97)

BMI (kg/m?) 27.70 (24.10, 32.30) 27.50 (23.90, 31.90) 28.80 (25.10, 33.80) <0.001

WC (cm) 97.20 (87.00, 108.20) 96.30 (86.20, 107.20) 102.00 (92.10, 112.60)  <0.001

TG (mg/dL) 117.00 (78.00, 183.00)  114.00 (76.00, 177.00) 135.00 (87.00,208.50)  <0.001

TC (mg/dL) 188.00 (163.00,216.00)  189.00 (164.00,215.00)  184.00 (158.00,217.00)  0.008

HDL-C (mg/dL) 50.00 (42.00, 61.00) 50.00 (42.00, 61.00) 49.00 (40.00, 60.00) <0.001

NHHR 2.65 (1.93, 3.59) 2.64 (1.93,3.57) 2.69 (1.92, 3.67) 0.157

GLU (mmol/L) 5.22 (4.77, 5.83) 5.16 (4.72,5.72) 5.61(5.00, 6.94) <0.001

ALT (U/L) 43.00 (21.00, 65.00) 43.00 (21.00, 64.00) 44.00 (19.00, 68.00) 0.876

AST (U/L) 23.00 (19.00, 27.00) 23.00 (19.00, 27.00) 23.00 (19.00, 28.00) 0.294

Ca (mg/dL) 9.40 (9.20, 9.60) 9.40 (9.20, 9.60) 9.40 (9.20, 9.70) 0.075

P (mmol/L) 1.23 (1.10, 1.32) 1.20 (1.10, 1.32) 1.23 (1.10, 1.32) 0.232

BUN (mg/dL) 12.00 (10.00, 15.00) 12.00 (9.00, 15.00) 15.00 (11.00, 21.00) <0.001

SCr (mg/dL) 0.85 (0.72, 1.01) 0.83 (0.71, 0.97) 1.05 (0.81, 1.32) <0.001
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¢GFR (ml/min/1.73m?) 94.62 (78.07, 109.21) 97.42 (83.85, 110.87) 59.93 (50.35, 93.44) <0.001
UACR (mg/g) 7.07 (4.63, 13.45) 6.29 (4.34, 10.00) 41.21 (12.50,96.27) <0.001
SUA (umol/L) 315.20 (261.70,374.70)  309.30 (255.80, 368.80)  350.90 (291.50, 422.30)  <0.001
#1153, n (%)
e o 1681 (17.85) 1462 (18.87) 219 (13.11) <0.001
R 3131 (33.25) 2668 (34.44) 463 (27.72) <0.001
IR EE 2669 (28.35) 2279 (29.42) 390 (23.35) <0.001
BILE, n (%) 3358 (35.68) 2298 (29.68) 1060 (63.51) <0.001
DM, n (%) 1122 (12.24) 644 (8.52) 478 (29.73) <0.001
CVD, n (%) 857 (9.15) 459 (5.94) 398 (24.17) <0.001
W, n (%) 4057 (43.09) 3225 (41.63) 833 (49.85) <0.001
TR, 1 (%) 6409 (73.61) 5326 (74.67) 1083 (68.81) <0.001

3.2. NHHR 5 CKD z [958t

AR, NHHR 5 CKD KR FAH K 2). RIFERBA 0 Box HHEHL(OR)A 1.06 (95%E 15 X
[f: 1.02~1.10; p = 0.005). 7EPAFENIIZERFAER 1), KPIEHHOR = 1.12, 95% CL: 1.07~1.17; p <
0.001), FEAERRL 2 F{55R 3 (OR = 1.11, 95% CI: 1.06~1.16; p < 0.001). SR, FEREAL 3 dusgh—b %
NN TEFRBMI. WC. GLU %5)J5, R Frikd5(OR = 1.06, 95% CI: 1.01~1.12; p = 0.030),
PRI L AR AT REM T T 1% 0Bk . 2R, NHHR 7ER% 1 (OR = 1.22, 95% CI: 1.03~1.43; p for
trend = 0.001) A5 %4 2 (OR = 1.21, 95% CI: 1.01~1.44; p for trend = 0.011)# 55 CKD XS INAH G, (HE
B, A3 X RO 2 (Q4 OR = 0.96, 95% CI: 0.78~1.18; p for trend = 0.293), FERAEVIIRED
(a0 BMI. WC)R] BEVRALS A T A HKEL. RCS 0 Hr i, SRS H, NHHR 5 CKD KU A7
FEAES A RER (5] 2)0 TERTABERERL A, B Z [AAAE I R AFIE R R . £ D485
(Y B)JE, HEOKREGRFIISEITS, (Ao iREE. d— Pk, DM, CVD. /1%,
WEAHAN PRI (LR C) J, AR 267G BT G2 A, $18 78 1% e AR AN A= 3 5 3 DR 35 T BB AEAE 0 0 TR A 35 o B3¢ i
#—25 1% BMI. WC. GLU. BUN. SCr fl SUA (2! D)J&, KIKHEINEE, RUMEAE ) aE4ERTE
P % R R TR E R - FEATA AL, RCS BHZRIAZL R H T AR, 78 NHHR BRI S,
CKD A5, BIMELE RN D2, 6K, AR br e R itk

Table 2. Association between NHHR and CKD
%% 2.NHHR 5 CKD z [B]#Y 3Bk

g5k HELLAEY Gy RAEAY

OR (95% CI) pfE Ql Q2 Q3 Q4 p for trend
BEALO  1.06(1.02~1.10)  0.005 1 (Ref) 0.90(0.77~1.04) 0.96 (0.82~1.11) 1.05(0.91~1.22)  0.200
BRI 1T 112 (1.07~1.17)  <0.001 1 (Ref) 0.88(0.75~1.04) 0.99 (0.84~1.16) 1.22 (1.03~1.43)  0.001
R 2  1.11(1.06~1.16) <0.001 1 (Ref) 0.91(0.76~1.09) 0.97 (0.81~1.16) 1.21 (1.01~1.44)  0.011
BEAI3 106 (1.01~1.12)  0.030 1 (Ref) 0.84 (0.69~1.03) 0.88 (0.72~1.08) 0.96 (0.78~1.18)  0.293

B 0. AT, BB 1. PR AR MR R, BEKPE: B 2. B T miflE. DM, CVD. &)
B WO R Y 3. 4 1E%E T BMI. WC. GLU. BUN. SCr. SUA. % %: OR=0dds Ratio; CI = Confidence
Interval; Ref. = Reference group.
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3.57 p for overall <0.001 6.0 p for overall <0.001
304 P fornonlinear = 0.005 50{ P for nonlinear = 0.015
S 25 S
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& 2.0 &
2 2 3.0
g 159 g
3 3 2.0
P T —— _ _ _ _ _ _ 2
8 1.0 g
0.5_ 10 _____________
0.0 : ; - - ; . 0.0
0 2 4 6 8 10 12 0 2 4 6 8 10
NHHR NHHR
(b) (d)
701 p for overall < 0.001 301 p for overall < 0.001
6.0 P fornonlinear =0.002 p for nonlinear < 0.001
= = 4.01
S 5.0 3
=X 3
2 4.0 & 301
o 2
g 301 £ 20
2 <
3 2.07 s,
o
o 1'0- ____________
B o e
0.0 T T T T T J 0.0 T T T T 1
0 2 4 6 8 10 12 0 2 4 6 8 10
NHHR NHHR

(a): ARIEE; (b): WEE TFEE. MR AR FEKF: (o) #E—PHE 7 &iE. DM, CVD. 4 J5i&sh. .
Wil (d): XHE—H% T BMI. WC. GLU. BUN. SCr. SUA.

Figure 2. Restricted cubic spline model of the association between NHHR and CKD
2.NHHR 5 CKD z [EHIFIE R KX F

3.3. FLEHT

Wik 3 fios, 7@k A, NHHR 5 CKD KU 2 25 1IEAHSG(OR = 1.12,95% CI: 1.07~1.17,p < 0.001),
ZRBEER < 44 BN EIE(OR = 1.18, p < 0.001), 7E>60 % M ABEFIRIEOR = 1.12, p =
0.003). ZYERIF I Em T Bk (LM OR=1.15, p<0.001; ¥ OR=1.10, p=0.005). EFGEFEEEA
MAEPEHEF 75 9 A PR el 51 (OR = 1.18, p = 0.031; OR = 1.14, p < 0.001). 1K= ABECN#LLR: OR
=1.18, p=0.034)RIEZEH ANBECRHEE: OR=1.22, p<0.00)MEMEm. FLEFAKE. BEMNCN
4 WL 82 F) 535 2 BE(OR = 1.18, p = 0.006; OR = 1.13, p = 0.006; OR = 1.10, p = 0.004), {EAE/KE AL H)IF
AP R MR H B (p=0.157). LEBAEFME. DM CVD, W#E ZMFEREE. SR, 76
CVD B P ARME B K(p = 0.080), XH&/AlH FENEZG AT A HE o I ARG E . Ak, i RIRAEA
[ I R B DTS SR R OR R R A . BT A WZH AR & 3 AR A I 2052 BAE (BT p > 0.05). &
WIS, XA OCPORRMEN, TIHREFE <44 58 > 60 BV EEMIEIEF & AN LM, Pk
REIEE . EEMAERNEANMET, XOHE S BT ORISR T 5% .

3.4. BRI
N TP IUESE R AR, FAVEE A PIF AR T iR AT BRI i, FFaEle s Mo Ak
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Subgroup N (%) OR (95% CI) p p for interaction
All patients 9420 (100.00) 1.12(1.07-1.17) i - <0.001
Age ! 0.966
<44 4149 (44.04) 1.18 (1.08-1.28) i - <0.001
45-59 2386 (25.33) 1.09 (0.99-1.20) o 0.068
>60 2885 (30.63) 1.12(1.04-1.20) |- 0.003
Sex i 0.436
Male 4648 (49.34) 1.10 (1.03-1.17) [ 0.005
Female 4772 (50.66) 1.15(1.07-1.24) |- <0.001
Race and ethnicity i 0.424
Mexican American 1130 (12.00) 1.18 (1.01-1.36) \—-— 0.031
Other Hispanic 921 (9.78)  1.15(0.98-1.35) 1:—F 0.091
Non-Hispanic White 3817 (40.52) 1.14(1.07-1.22) |- <0.001
Non-Hispanic Black 2084 (22.12) 1.04 (0.93-1.15) - 0.504
Other Race 1468 (15.58) 1.14 (0.99-1.32) :Fk 0.066
Educational level i 0.305
Less than th grade 787(8.35)  1.18(1.01-1.38) —.— 0.034
9-11th grade 1270 (13.48) 1.13 (1.01-1.27) E—I— 0.033
High school graduate 2025 (21.50) 1.02 (0.93-1.13) + 0.663
Some college or AA degree 2904 (30.83) 1.11 (1.02-1.22) .- 0.017
College graduate or above 2434 (25.84) 1.22(1.09-1.36) i - <0.001
BMI i 0.562
<18.5 158 (1.68)  0.59(0.29-1.22) ——— 0.157
18.5-24.9 2743 (29.12) 1.18(1.05-1.32) | —-— 0.006
25.0-29.9 3069 (32.58) 1.13(1.03-1.22) - 0.006
>30.0 3450 (36.62) 1.10 (1.03-1.18) i+ 0.004
Smoking status | 0.924
No 5358 (56.91) 1.12(1.04-1.20) i+ 0.002
Yes 4057 (43.09) 1.12 (1.05-1.19) L <0.001
Alcohol consumption : 0.426
No 2298 (26.39) 1.08 (0.99-1.18) :tr 0.083
Yes 6409 (73.61) 1.13(1.07-1.20) |- <0.001
Physical activity i 0.061
No 4245 (45.06) 1.08 (1.01-1.15) te- 0.030
Yes 5175 (54.94) 1.16 (1.09-1.24) |- <0.001
Hypertension i 0.751
No 6054 (64.32) 1.14 (1.07-1.22) I <0.001
Yes 3358 (35.68) 1.10(1.03-1.17) - 0.004
DM i 0.272
No 8046 (87.76) 1.12 (1.06-1.18) |- <0.001
Yes 1122 (12.24)  1.14(1.03-1.26) i+ 0.008
CVD L 0.878
No 8513 (90.85) 1.12(1.06-1.18) e <0.001
Yes 857 (9.15)  1.12(0.99-1.26) :FF 0.080
o o5 1 15 2

Figure 3. Subgroup analysis of the association between NHHR and CKD
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Table 3. Sensitivity analysis

= 3. MR
NHHR OR (95% CI) p value p for trend
HEER T e I [ P L R
Ql 1 (Ref)
Q2 0.92 (0.73~1.16) 0.462
0.475
Q3 0.87 (0.68~1.11) 0.259
Q4 1.03 (0.80~-1.32) 0.837
<5.232 1 (Ref.)
<0.001
>5.232 1.77 (1.36~2.30)

P T AR . PR M. BB K. SILE. DM, CVD. R 3Es0. . . BMI. WC. GLU. BUN. SCr.
SUA. 4i5: OR =0dds Ratio; CI = Confidence Interval; Ref. = Reference group.
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LDL-C 5 eGFR Z [AJfEERI R IL A (B =1.228, p=0.001), [ K TG %t eGFR thA &2 ) K 500 (B =
~1.3,p=0.039)[16]. FEFZFENEEF, BEPRRMEERINS CKD M MAHER[17]. HFEN, —
Wb E R TS TEF A E S, TG. TC/HDL-C K TG/HDL-C #B5 CKD KU M55, - HIBCE I8 R fa b
I BEE LE B — e hn T OB (18], fEaEtE /& CKD HE BERMWALH 2 —, RIS 5I R B0E. AALm
B ARRLARTIREREAT . BT N A T, NI fEE CKD K RE[19]. RN, fadethimid (S
nephrin Al podocin FIAMEINIEIS b b i) e Ve, FEVEAIM L RIE R NERUTRRLE R0 = A= i &
S F1 TR R B NEREF R4, TAFE B NERUE DR [FIRE, B /N G M AR R M R e T 30 o =
ZRAE IR S N BRI S, XS R IE RN T CKD[20]. BbAk, BEFURIL, B IE S SIS
AMPKa 123t TFEB ¥ A S R 5 EHIH] NLRP3 20E/MARTBGE, MIMIELE CKD #HE, X#x
W SR T e 2 IR SR (e 3E CKD 155 —i848 217, 2R, < T#i i 250 NHHR 5 CKD 2% & [ 7¢
TERR, JLHAESEE AR . NHHR J&—F0H T IRAG S KRR B B 2 G 4845 [22], & RN A2 3)
ik 5 FEASE AL I 2 1 (non-HDL-C) 5 s ik s AL R AL I B2 1 (HDL-C) 2 [A] (1T 47, AT fi B 4 T 1 sz BT i
AU o BT kil RCAS 28 o v LA S BN 25 M DU AR B, B AN S T/ A2 T 038 St 7= Tl A8
FEHUIR AR T RERENG « PHL ZEVE MERRIP IR BT 45« JULAMEE[23]-[251 585 B B A TN 3. BRI, AR 1
NHHR 5 CKD [#2KHEL, BEFH CKD F AT ) A Wbs &40, DU I RS WA R Pl

UG FARL, AR E AR, $Em TR gRmEN. JFH, FRATHE T NHHR 1)

DOI: 10.12677/acm.2026.161041 282 I IR 2= =23t e


https://doi.org/10.12677/acm.2026.161041

&

Br

¥

RESHHQR.65), F& THAIFT, AR RAAKIGART B H b A AL TR RIS S5 SR, A
RAEAEFZ R TE. &G, MM ICER . NHHR 5 CKD MBI CEE, Fg, B rim S iR )
T VP4 NHHR 2058 Dhag by M ARG AT RE T . 5340, Ik NHHR Z& 2R T o0 82 21 20 K38, A ReHERR S
FEAR . RAE TR = T, AR N Z AP REAFLE “ R K&K B2 E CKD
B, EIFRRWMK MIERE . Y RAE 1 7T B 53 NHHR FEAK. AL, ARSI FT N R FH Al s 14
ik, PR NHHR MIIERIME, GIETINGET K CKD R EIiE, A I R 42 (5 A
FIEHE . A, RRHF TR CKD 43 #d NHHR B0 RME, ol g A IR TR RS, kA
AL RS 77 o

BT, B 7 IR B AR bR LAAR, IR IE S22 HoAth e bn 5 CKD & JBHI 5% . 75 2 RO 3 Bk ok AL IE AL AF 7T (MESA)
R0 R e 22 7 S 2R P R (REGARDS) BA B A, L AT ¥ PR I SRR 52 4K 1 F1 2 (TNFR-1 A1
TNFR-2)FJ¥KE 54E DM AR CKD KR AERFFEAN[26]. IiE AN E-6 (IL-6). BUN HlIMLLT 2 (H(Hb)
KPS CKD sk RAHK[27]. —IUER T RIL[28], £ CKD #F 78 h f i W) ML A br ) A5
TNFR1. FAF4E4NAE KR F 23 (FGF23). TNFR2. B Hif5i 43 F-1 (KIM-1). 0] ¥ 1 JR IS £ 1A e IR s
Y2 A4 (suPAR)SE, (AN [EIHIEFE A A 2 [AMTIAEAEROR Se o v  ARE BB A 78 AR, K2 R I HE 22 U7 (8 HL
HER AR bR &), H T 1 CKD B R A AR &

5. &t

NHHR 7K T 5 CKD KU 55354056, NHHR =2.65 5 SO0 S dR X . 45 008, W T4RER <
44 B E>60 &SV EI R AEAETU IR W B Nk, DR IR E AR A, R X
Ko X —RIUIGREE A F A7 CKD $&4%E T3 A, A BT 5E G — 2 T Fl 7 J2 4 3
WS, FERUE R KRR, SRk Ak TUE S,

SE

[1] Kovesdy, C.P. (2022) Epidemiology of Chronic Kidney Disease: An Update 2022. Kidney International Supplements,
12, 7-11. https://doi.org/10.1016/j.kisu.2021.11.003

[2] Stevens, P.E., Ahmed, S.B., Carrero, J.J., Foster, B., Francis, A., Hall, R.K., et a/. (2024) KDIGO 2024 Clinical Practice
Guideline for the Evaluation and Management of Chronic Kidney Disease. Kidney International, 105, S117-S314.
https://doi.org/10.1016/1.kint.2023.10.018

[3] Cui, Y. and Choi, M. (2024) Association between the Non-High-Density Lipoprotein Cholesterol to High-Density Lip-
oprotein Cholesterol Ratio (NHHR) and Angina Pectoris in US Adults: A Cross-Sectional Retrospective Study Based on
NHANES 2009-2018. Lipids in Health and Disease, 23, Article No. 347. https://doi.org/10.1186/s12944-024-02343-2

[4] Gao, P., Zhang, J. and Fan, X. (2022) NHHR: An Important Independent Risk Factor for Patients with Stemi. Reviews
in Cardiovascular Medicine, 23, Article No. 398. https://doi.org/10.31083/j.rcm2312398

[5] Wu, J. and Guo, J. (2024) Non-High-Density Lipoprotein Cholesterol to High-Density Lipoprotein Cholesterol Ratio
(NHHR) and Hypertension in American Adults: A NHANES Cross-Sectional Study. Frontiers in Physiology, 15, Article
ID: 1398793. https://doi.org/10.3389/fphys.2024.1398793

[6] Tan, M., Weng, L., Yang, Z., Zhu, S., Wu, S. and Su, J. (2024) The Association between Non-High-Density Lipoprotein
Cholesterol to High-Density Lipoprotein Cholesterol Ratio with Type 2 Diabetes Mellitus: Recent Findings from
NHANES 2007-2018. Lipids in Health and Disease, 23, Article No. 151. https://doi.org/10.1186/s12944-024-02143-8

[71 Wang, Z., Wu, M., Du, R., Tang, F., Xu, M., Gu, T., et al. (2024) The Relationship between Non-High-Density Lipo-
protein Cholesterol to High-Density Lipoprotein Cholesterol Ratio (NHHR) and Hyperuricaemia. Lipids in Health and
Disease, 23, Article No. 187. https://doi.org/10.1186/512944-024-02171-4

[8] Wang, J., Li, S., Pu, H. and He, J. (2024) The Association between the Non-High-Density Lipoprotein Cholesterol to
High-Density Lipoprotein Cholesterol Ratio and the Risk of Osteoporosis among U.S. Adults: Analysis of NHANES
Data. Lipids in Health and Disease, 23, Article No. 161. https://doi.org/10.1186/s12944-024-02152-7

[91 Yu, B, Li, M., Yu, Z., Zheng, T., Feng, X., Gao, A., et al. (2024) The Non-High-Density Lipoprotein Cholesterol to

DOI: 10.12677/acm.2026.161041 283 I IR 2= =23t e


https://doi.org/10.12677/acm.2026.161041
https://doi.org/10.1016/j.kisu.2021.11.003
https://doi.org/10.1016/j.kint.2023.10.018
https://doi.org/10.1186/s12944-024-02343-2
https://doi.org/10.31083/j.rcm2312398
https://doi.org/10.3389/fphys.2024.1398793
https://doi.org/10.1186/s12944-024-02143-8
https://doi.org/10.1186/s12944-024-02171-4
https://doi.org/10.1186/s12944-024-02152-7

#
NI
43

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

High-Density Lipoprotein Cholesterol Ratio (NHHR) as a Predictor of All-Cause and Cardiovascular Mortality in US
Adults with Diabetes or Prediabetes: NHANES 1999-2018. BMC Medicine, 22, Article No. 317.
https://doi.org/10.1186/s12916-024-03536-3

Pan, J., Li, C., Zhang, J., Sun, Z., Yu, X., Wan, Q., et al. (2024) Association between Non-High-Density Lipoprotein
Cholesterol to High-Density Lipoprotein Cholesterol Ratio (NHHR) and Diabetic Kidney Disease in Patients with Dia-
betes in the United States: A Cross-Sectional Study. Lipids in Health and Disease, 23, Article No. 317.
https://doi.org/10.1186/s12944-024-02308-5

Qi, X., Wang, S., Huang, Q., Chen, X., Qiu, L., Ouyang, K., ef al. (2024) The Association between Non-High-Density
Lipoprotein Cholesterol to High-Density Lipoprotein Cholesterol Ratio (NHHR) and Risk of Depression among US
Adults: A Cross-Sectional NHANES Study. Journal of Affective Disorders, 344, 451-457.
https://doi.org/10.1016/j.jad.2023.10.064

Wang, D., Hu, X., Jin, H., Liu, J., Chen, X., Qin, Y., ef al. (2024) Impaired Kidney Function and the Risk of All-Cause
Mortality and Cardiovascular Disease among Chinese Hypertensive Adults: Using Three Different Equations to Estimate
the Glomerular Filtration Rate. Preventive Medicine, 180, Article 107869. https://doi.org/10.1016/j.ypmed.2024.107869

August, P. (2023) Chronic Kidney Disease—Another Step Forward. New England Journal of Medicine, 388, 179-180.
https://doi.org/10.1056/nejme2215286

Zhu, R., Wang, R., He, J., Wang, L., Chen, H., Niu, X, ef al. (2024) Prevalence of Cardiovascular-Kidney-Metabolic
Syndrome Stages by Social Determinants of Health. JAMA Network Open, 7, €2445309.

https://doi.org/10.1001/jamanetworkopen.2024.45309

Osanami, A., Tanaka, M., Furuhashi, M., Ohnishi, H., Hanawa, N., Yamashita, T., et al. (2022) Increased LDL-Choles-
terol Level Is Associated with Deterioration of Renal Function in Males. Clinical Kidney Journal, 15, 1888-1895.
https://doi.org/10.1093/ckj/sfacl11

Kintu, C., Soremekun, O., Kamiza, A.B., Kalungi, A., Mayanja, R., Kalyesubula, R., e al. (2023) The Causal Effects of
Lipid Traits on Kidney Function in Africans: Bidirectional and Multivariable Mendelian-Randomization Study. eBio-
Medicine, 90, Article 104537. https://doi.org/10.1016/j.ebiom.2023.104537

Yan, P., Xu, Y., Miao, Y., Bai, X., Wu, Y., Tang, Q., et al. (2021) Association of Remnant Cholesterol with Chronic
Kidney Disease in Middle-Aged and Elderly Chinese: A Population-Based Study. Acta Diabetologica, 58, 1615-1625.
https://doi.org/10.1007/s00592-021-01765-z

Lyu, K., Liu, S., Liu, Y., You, J., Wang, X., Jiang, M., et al. (2024) The Effect of Blood Lipid Profiles on Chronic
Kidney Disease in a Prospective Cohort: Based on a Regression Discontinuity Design. Biomedical and Environmental
Sciences, 37, 1158-1172.

Yuan, Q., Tang, B. and Zhang, C. (2022) Signaling Pathways of Chronic Kidney Diseases, Implications for Therapeutics.
Signal Transduction and Targeted Therapy, 7, Article No. 182. https://doi.org/10.1038/s41392-022-01036-5

Xu, W., Zhu, Y., Wang, S., Liu, J. and Li, H. (2024) From Adipose to Ailing Kidneys: The Role of Lipid Metabolism in
Obesity-Related Chronic Kidney Disease. Antioxidants, 13, Article 1540. https://doi.org/10.3390/antiox 13121540

Zhang, C., Xiong, Y., Luo, Y., Liu, K., Tong, Q., Song, Y., et al. (2025) Morroniside Ameliorates High-Fat and High-
Fructose-Driven Chronic Kidney Disease by Motivating AMPK-TFEB Signal Activation to Accelerate Lipophagy and
Inhibiting Inflammatory Response. Journal of Agricultural and Food Chemistry, 73, 6158-6172.
https://doi.org/10.1021/acs.jafc.4c07684

Toprak, K., Karatas, M., Kaplangoray, M., Dursun, A., Tascanov, M.B., Altiparmak, I.H., et al. (2024) Comparison of
the Effect of Non-HDL-C/HDL-C Ratio on Coronary Slow Flow with Other Non-Traditional Lipid Markers. Acta Car-
diological Sinica, 40, 388-401.

Li, Y., Chai, Y., Liu, X., Wang, X., Meng, X., Tang, M., et al. (2024) The Non-High-Density Lipoprotein Cholesterol
to High-Density Lipoprotein Cholesterol Ratio (NHHR) Is Associated with Thyroid Hormones and Thyroid Hormone
Sensitivity Indices: A Cross-Sectional Study. Lipids in Health and Disease, 23, Article No. 310.
https://doi.org/10.1186/s12944-024-02292-w

Pan, X., Zhang, X., Wu, X., Zhao, Y., Li, Y., Chen, Z., et al. (2024) Association between Non-High-Density Lipoprotein
Cholesterol to High-Density Lipoprotein Cholesterol Ratio and Obstructive Sleep Apnea: A Cross-Sectional Study from
Nhanes. Lipids in Health and Disease, 23, Article No. 209. https://doi.org/10.1186/s12944-024-02195-w

Hao, J., Zhuang, Z., Hu, S., Zhang, Y., Zhang, J., He, F., et al. (2024) The Association between Non-High-Density
Lipoprotein Cholesterol to High-Density Lipoprotein Cholesterol Ratio (NHHR) and Low Muscle Mass in Adults Aged
20-59: A Population-Based Study in the United States. Lipids in Health and Disease, 23, Article No. 274.
https://doi.org/10.1186/s12944-024-02243-5

Sarnak, M.J., Katz, R., Ix, J.H., Kimmel, P.L., Bonventre, J.V., Schelling, J., et al. (2022) Plasma Biomarkers as Risk
Factors for Incident CKD. Kidney International Reports, 7, 1493-1501. https://doi.org/10.1016/.ekir.2022.03.018

DOI: 10.12677/acm.2026.161041 284 I IR 2= =23t e


https://doi.org/10.12677/acm.2026.161041
https://doi.org/10.1186/s12916-024-03536-3
https://doi.org/10.1186/s12944-024-02308-5
https://doi.org/10.1016/j.jad.2023.10.064
https://doi.org/10.1016/j.ypmed.2024.107869
https://doi.org/10.1056/nejme2215286
https://doi.org/10.1001/jamanetworkopen.2024.45309
https://doi.org/10.1093/ckj/sfac111
https://doi.org/10.1016/j.ebiom.2023.104537
https://doi.org/10.1007/s00592-021-01765-z
https://doi.org/10.1038/s41392-022-01036-5
https://doi.org/10.3390/antiox13121540
https://doi.org/10.1021/acs.jafc.4c07684
https://doi.org/10.1186/s12944-024-02292-w
https://doi.org/10.1186/s12944-024-02195-w
https://doi.org/10.1186/s12944-024-02243-5
https://doi.org/10.1016/j.ekir.2022.03.018

&

Br

¥

[27] Xu,]., Jia, X., Zhang, X., Jiao, X., Zhang, S., Zhao, Y., et al. (2024) Correlation between Serum Biomarkers and Disease
Progression of Chronic Kidney Disease. British Journal of Hospital Medicine, 85, 1-14.
https://doi.org/10.12968/hmed.2024.0474

[28] Liu, C., Debnath, N., Mosoyan, G., Chauhan, K., Vasquez-Rios, G., Soudant, C., et al. (2022) Systematic Review and
Meta-Analysis of Plasma and Urine Biomarkers for CKD Outcomes. Journal of the American Society of Nephrology, 33,
1657-1672. https://doi.org/10.1681/asn.2022010098

DOI: 10.12677/acm.2026.161041 285 I IR 2= =23t e


https://doi.org/10.12677/acm.2026.161041
https://doi.org/10.12968/hmed.2024.0474
https://doi.org/10.1681/asn.2022010098

	美国成年人非高密度脂蛋白胆固醇与高密度脂蛋白胆固醇比值(NHHR)与慢性肾脏病风险的关联
	摘  要
	关键词
	The Association between Non-High-Density Lipoprotein Cholesterol to High-Density Lipoprotein Cholesterol Ratio (NHHR) and Risk of Chronic Kidney Disease among U.S. Adults
	Abstract
	Keywords
	1. 引言
	2. 方法
	2.1. 研究对象
	2.2. NHHR和其他指标的评估
	2.3. CKD、高血压、DM、心血管疾病的诊断
	2.4. 其他协变量的评估
	2.5. 统计学方法

	3. 结果
	3.1. 参与者的基线特征
	3.2. NHHR与CKD之间的关联
	3.3. 亚组分析
	3.4. 敏感性分析

	4. 讨论
	5. 结论
	参考文献

