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Abstract: [ Objective] To investigate the predictive effect of high density lipoprotein (HDL) to C—reactive protein
(CRP) ratio (HDL/CRP) on the progression of chronic kidney disease (CKD) in non—dialysis patients.[ Methods] Non—di-

alysis chronic kidney disease patients with at least two sets of follow—up data from the Third Affiliated Hospital of Sun Yat—
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sen University (Tian—he and Ling-nan districts ) from 2015 to 2019 were enrolled. The baseline demographic characteris-
tics and biochemical examination results were collected from the electronic medical record system. The patients were
grouped according to the quantile of Ln (HDL/CRP). The demographic and biochemical data were compared among groups
by one—way ANOVA for normal distribution continuous variables, Kruskal-Wallis rank—sum test for non-normal distribu-
tion continuous variables, and Chi—square analysis for categorical variables. The relationship between HDL/CRP and base-
line eGFR was investigated by correlation analysis, univariate and multivariate linear regression analysis. The Cox survival
analysis were used to investigate the predictive effect of Ln (HDL/CRP) on renal deterioration events.[Results] Totally 9
142 patients with CKD were enrolled, and 439 patients were included in the end. There were 100 patients (22.8%) with
chronic glomerulonephritis, 145 patients (33%) with diabetic nephropathy, 40 patients (9.1%) with hypertensive ne-
phropathy, and 154 patients (35.1%) with other causes. According to Ln(HDL/CRP) quartile, group Quartile4 had a low-
er incidence of renal deterioration than the other three groups (11% vs. 21.1% to 21.8%) and had the highest baseline eG-
FR level. From Quartilel to quartile 4 groups, age, Hbalc and APOA1 levels decreased gradually. The prevalence of
chronic heart failure, BMI, hemoglobin, albumin, TC, LDL, TG, APOB100 levels were different among groups. Through
correlation analysis, Ln (HDL/CRP) were positively correlated with baseline eGFR (r=0.162, P=0.001). After adjusting
for a variety of factors by Cox regression analysis, Ln (HDL/CRP) could be included in the final equation when defined de-
terioration of renal function as end point [HR=0.79, 95%CI (0.69, 0.91), P=0.001].[ Conclusion] HDL/CRP can reflect
the severity of chronic kidney disease, and the ratio of HDL and CRP can predict the progression of chronic kidney disease
in non—dialysis patient.
Key words: high—density lipoprotein; C-reactive protein; ratio; chronic kidney disease; predictive effect
[J SUN Yat-sen Univ(Med Sci),2022,43(2) :305-315]
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———-[ Age < 18 years old and renal function retested interval <30 d: 5 864 ]

Age =18 years old and renal function retested interval
30~600d: 3278

]

(
(

Renal replacement therapy (RRT): 1618 ]

[ Non-RRT: 1660 ]

[ Completed data: 653 ]

{ Incomplete data: 1 007 ]

Infection : 33
Autoimmune disease : 91
AMI/critical illness: 21

[ Finally included: 439 ]

Surgery /injured : 23
Malignancy: 41
Drug may affect renal function: 5

AMI: acute myocardial infraction; CKD: chronic kidney disease; RRT: renal replacement therapy.
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Fig.1 Inclusion process



5521 IR BB IENR R S C N 28 A A X A E A A o I g g e 1) 00 4 1 309
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Table 1 Demographic and biochemical characteristics according to Ln(HDL/CRP) Quartile
Quartile 1 Quartile 2 Quartile 3 Quartile 4
All patients (<=2.16)  (-2.16~-0.88) (-0.88~0.15) (>0.15) )
Fié P
(439) 110.00 109.00 111.00 109.00
(25.10%) (24.80%) (25.30%) (24.80%)
Sex(male) 258.00(58.80%) 64.00(58.20%) 62.00(56.90%) 63.00(56.80%) 69.00(63.30%) 1.290 0.73
Agelyears 57.63+17.98 61.04£17.94  60.59+16.90  57.87+16.98  50.99+18.48  7.59<0.01
Smoking 84(19.1%)  23.00(20.90%) 23.00(21.10%) 20.00(18.00%) 18.00(16.50%) 1.07 0.78
Drinking 40(9.1%) 6.00(5.50%) 14.00(12.80%) 12.00(10.80%) 8.00(7.30%) 4.41 0.22
HTN 265(60.4%) 73.00(66.40%) 69.00(63.30%) 66.00(59.50%) 57.00(52.30%) 5.05 0.17
CAD 70(15.9%)  14.00(12.70%) 19.00(17.40%) 22.00(19.80%) 15.00(13.80%) 2.66 0.45
DM 181(41.2%)  40.00(36.40%) 55.00(50.50%) 50.00(45.00%) 36.00(33.00%) 8.60 0.35
Stroke 60(13.7%)  14.00(12.70%) 21.00(19.30%) 13.00(11.70%) 12.00(11.00%) 3.99 0.26
CHF 71(16.2%)  17.00(15.50%) 26.00(23.90%) 19.00(17.10%) 9.00(8.30%)  9.89 0.02
AF 17(3.9%) 3.00(2.70%)  6.00(5.50%)  6.00(5.40%)  2.00(1.80%) 3.08 0.38
Outcome" 83(18.9%)  24.00(21.80%) 23.00(21.10%) 24.00(21.60%) 12.00(11..00%) 5.92 0.12
BMI/(g/m*) 23.04+3.86 22.44+3.42 23.90+3.94 23.67+4.04 22.12+3.72  5.31<0.01
Baseline eGFR 52.64 50.69 4742 53.68 57.80 1298 0.006
[mL/(minx1.73m?) | (31.84~77.81) (24.87~77.43) (28.66~63.30) (36.69~80.37) (42.76~91.31) '
Final eGFR 51.78 46.41 44.86 51.97 56.43 1188 0.008
[mL/(minx1.73m>) ] (28.32~80.04) (21.11~75.56) (25.35~71.62) (29.18~79.78) (41.18~95.32) |
98.00 98.50 105 100.00 92.00
Baseline Cr/(wmol/L) 6.94 0.074
(78.00~153.00) (78.00~178.00) (83.75~163.5) (77.00~132.00) (73.00~121.00)
97.00 101.50 102.00 94.00 93.00
Final Cr/(pmol/L) 7.10 0.069
(74.00~165.00) (78.00~229.05) (78.50~179.50) (72.00~153.00) (64.00~126.00)
HGB/(g/L) 93.46+49.43 83.46+46.77  96.90+48.61  101.83+49.65 91.67+51.37 2.81 0.04
Alb/(g/L) 32.20+11.19  31.09+1041  30.36+13.04 35.08+8.94 32.23+11.56  3.87 0.01
TC/(mmol/L) 4.98+2.05 4.43+1.86 5.29+2.09 4.99+1.99 5.23+2.16 4.12 0.01
LDL/(mmol/L) 3.15+1.62 2.79+1.57 3.28+1.69 3.10+1.44 3.44+1.72 3.26 0.02
HDL/(mmol/L) 1.15+0.41 0.97+0.37 1.08+0.37 1.17+0.34 1412043  26.81<0.01
2.60 28.20 4.10 1.60 0.60 353.5
CRP/(mg/L) <0.01
(1.00~9.00)  (14.78~66.5)  (3.30~5.50) (1.30~2.10) (0.40~0.90) 5
1.46 1.32 1.84 1.48 1.24
TG/(mmol/L) 32.18 <0.01
(0.99~2.22) (0.91~1.85)  (1.26~2.94) (1.14~2.34) (0.84~1.75)
148.50 165.00 161.00 129.00 146.00
LpA/(mg/L) 1.43 0.69
(62.25~265.00) (66.00~266.50) (62.00~285.00) (49.00~292.00) (64.50~252.00)
APOA1/(mmol/L) 1.29+0.30 1.11+0.35 1.30+0.28 1.31+0.25 143021  24.91<0.01
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Quartile 1 Quartile 2 Quartile 3 Quartile 4
All patients (<=2.16)  (-2.16~-0.88) (-0.88~0.15) (>0.15)
(439) 110.00 109.00 111.00 109.00 i F
(25.10%) (24.80%) (25.30%) (24.80%)
APOB100/(mmol/L) 1.18+0.53 1.05+0.44 1.34+0.58 1.21x0.55 1.12£0.49  6.46 <0.01
ALT/(UIL) 16.00 15.00 17.00 17.00 16.00 180 0.613
(11.00~25.00)  (8.00~27.25) (12.00~25.00) (11.00~25.00) (11.00~23.50)
AST/(U/L) 21.42+17.15  22.90+14.93 222941626  22.17+24.03 18.3+10.07 1.65 0.18
K/(mmol/L) 4.03+0.49 4.06+0.53 4.03£0.53 3.97+0.43 4.06£0.5 079 0.50
P/(mmol/L) 1.26+0.31 1.26+0.37 1.23+0.35 1.28+0.28 125024  0.54 0.65
CL/(mmol/L) 138.59+28.51  131.40+29.73 134.78+28.79  142.72+27.18 1454742626 191 0.59
Na/(mmol/L) 121.15+46.08  119.41+47.10  12531%41.27  121.70+46.14  118.19+49.70 0.50 0.68
Glu/(mmol/L) 6.07+3.02 6.33+3.55 6.06+3.26 6.04+2.39 5842279 048 0.69
HbA1¢/% 6.32+2.42 6.58+2.88 6.71+2.41 6.35+2.1 5.69+2.24 325 0.02
UA/(umol/L) 7 8 2 37 376 323 0.36
(228~477) (187~463) (257~532) (275~478) (251~464)
Youtcome represent progression of CKD.
2.2 Ln(HDL/CRP)5E&%Z eGFR/KTHIXHR
3 A A TR R 2) A A vk [T U i (3% 00 r=0.162
3), %3 Ln(HDL/CRP) 55 548 eGFR 721 IE a1 20 1 P <0001
HF (b=2.91,P=0.001). BRILILAH, 250t £ P 2 2% Pl RIS
PRI AT AR 5P 86 L 1 5 2k - o f0
eGFR f [ ZE VAR 5C s HOB 5 2428 eGFR 1E i i & ° ; - =
X %
2.3 Ln(HDL/CRP)x{ 5 1/ & Tk KT A FA 3

AT 2 % Cox AEAF R 43 87 (K 4) , i £
TEAFE S M BMILL TR A R I IeE L
PRI A8 0 fr iy FELR eGFR \ALBLDL,ALT,
AST. TG, HGB, K, P, CL, Na, UA. Glu, APOA1,
APOB100.Lp A J5 , Ln (HDL/CRP) . ALB /& CKD i
JEE 19 2t 37 FU R 2 L 1 Ln (HDL/CRP) [HR=0.791,

Fig.2 Relationship between eGFR and
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Ln(HDL/CRP) by Pearson analysis
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Table 2 The difference of HDL/CRP level and incidence of outcome among primary diseases

All patient CG DN

HN

Other

P

439 100(22.8%) 145(33%) 40(9.1%) 154(35.1%) X
HDL/CRP 0.42(0.12~1.17) 0.89(0.29~1.85) 0.39(0.16~0.99)" 0.26(0.12~0.93)" 0.21(0.04~0.77)" 33.7 <0.001
Outcome  83(18.9%) 16(16%) 33(22.8%) 6(15%) 28(18.2%) 2405 0.493

Usignificant difference from CG group, P<0.05.
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Table 3 Liner regression analysis of baseline eGFR and Ln(HDL/CRP)
Baseline eGFR[ mL/(minx1.73m’) ]
b S b’ t P
Model 1 Ln(HDL/CRP) 2.921 0.853 0.162 3.425 0.001
Model 2 Ln(HDL/CRP) N/A
Male -12.483 3.043 -0.188 -4.102 <0.001
Age -0.431 0.092 -0.236 -4.694 <0.001
HTN -17.711 3.307 -0.266 -5.355 <0.001
DM 6.96 3.222 0.105 2.16 0.031
Model 3 Ln(HDL/CRP) N/A
Male -16.658 2.986 -0.252 -5.578 <0.001
Age -0.562 0.098 -0.308 -5.761 <0.001
HTN -16.546 3.173 -0.249 -5.214 <0.001
DM 8.15 3.085 0.123 2.642 0.009
CAD 9.781 4.38 0.106 2.233 0.026
HGB 0.115 0.03 0.172 3.871 <0.001
P -18.46 4.78 -0.175 -3.862 <0.001
K ~7.848 2.979 -0.116 -2.634 0.009
LDL 2.046 0.895 0.104 2.287 0.023

Model 1: univariate analysis; Model 2: adjusted by age, sex, BMI, HTN, CAD, DM, CHF; Model 3: adjusted by model 2 plus ALB, LDL,

HGB, K, P, CL, Na, TC, APOA1, APOB100, LpA.

*4 Cox EFEKIDH%SEMHS Ln(HDL/CRP) X R
Table 4 Cox regression analysis of endpoint with Ln(HDL/CRP)
Outcome
b S, Wald P HR HR 95%CI
Model 1 Ln(HDL/CRP) -0.206 0.063 10.805 0.001 0.813 (0.719,0.920)
Model 2 Ln(HDL/CRP) -0.243 0.069 12.562 <0.001 0.784 (0.685,0.897)
Model 3 Ln(HDL/CRP) -0.235 0.069 11.518 0.001 0.791 (0.690,0.910)
Alb -0.022 0.009 5.96 0.015 0.978 (0.960,0.990)
95%C1(0.69,0.91) , P=0.001] i il /& H {f T ALB 3 3tk

[HR=0.978, 95%CI (0.96, 0.99) , P=0.015] ., Ln
(HDL/CRP) M Quartile 1~ Quartile 4 4 HR & #7 F
[ (£ 5), H Quartile 4 1 HR, LIS 7E S E 0 Hrik
BELZHWE N, X5 Quartile 1 3% 4 H 4 it 2#
Z5

MR 49 PR 2R A7 43 )2 0 B o 8 it 2 &K Cox £
FEEE 5347, CG 4R L (HDL/CRP) J& ' Dy fig Ak
BT R 2% . HiAY DN HN R EAds R 4, R RE &
I Ln(HDL/CRP) X & DIpe Ak i il (£ 6) .

AW 5% 38 35 41 ()X 43 BT & B Quartile 4 Ln
(HDL/CRP>0.15) 41, eGFR /K V-H . 2 1+, DY
I %, HGB L ALB K P 45 5 UL I 20 750 43 B & 2%
Sto AT, & B Ln (HDL/CRP) 55 3L 2%
eGFR ELA M . a0 A BB 35 B0 A X 45
b A HEFE Ln(HDL/CRP) 534k e GFR JCHEFLE
TR T SEBRIE O 5 75 AP A58 CRP 854l A AR IE S 3 A
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Table 5 Cox regression analysis of endpoint with Quartile of Ln(HDL/CRP)

Outcome
b S, Wald x* P HR HR 95%CI
Model 1 Ln(HDL/CRP)
Quartilel 11.164 0.011 1.0(reference )
Quartile2 -0.26 0.293 0.788 0.375 0.771 (0.435,1.368)
Quartile3 -0.475 0.29 2.669 0.102 0.622 (0.352,1.099)
Quartile4 -1.156 0.355 10.632 0.001 0.315 (0.157,0.630)
Model 2 Ln(HDL/CRP)
Quartilel 11.806 0.008 1.0(reference )
Quartile2 -0.387 0.314 1.518 0.218 0.679 (0.367,1.257)
Quartile3 -0.609 0.307 3.935 0.047 0.544 (0.298,0.993)
Quartile4 -1.278 0.383 11.151 0.001 0.279 (0.132,0.590)
Model 3 Ln(HDL/CRP)
Quartilel 10.255 0.017 1.0(reference )
Quartile2 -0.54 0.321 2.827 0.093 0.583 (0.311,1.094)
Quartile3 -0.443 0.325 1.857 0.173 0.642 (0.339,1.214)
Quartile4 -1.229 0.389 9.972 0.002 0.293 (0.137,0.627)
Baseline eGFR -0.011 0.004 6.852 0.009 0.989 (0.981,0.997)
Alb -0.023 0.01 5.217 0.022 0.977 (0.958,0.997)
LDL 0.141 0.066 4.623 0.032 1.152 (1.013,1.310)
®6 CoxEFHREAICCALREHS Ln(HDL/CRP) X F
Table 6 Cox regression analysis of endpoint with Ln(HDL/CRP) in group CG
Outcome
b 5 Wald y* P HR HR 95%Cl
Model 1 Ln(HDL/CRP) -0.421 0.136 9.528 0.002 0.656 (0.500,0.861)
Model 2 Ln(HDL/CRP) -0.522 0.149 12.236 <0.001 0.593 (0.441,0.792)
Model 3 Ln(HDL/CRP) -1.201 0.291 17.054 <0.001 0.301 (0.173,0.531)

Model 1: univariate analysis;Model 2: Sex, age, BMI, smoking, drinking, CAD, HTN, DM, CHF, primary disease of CKD; Model 3: ad -
justed by model 2 plus eGFR, ALB,TC, LDL_C, ALT, AST, TG, HGB, K, P, CL, Na, UA, Glu, APOA1,APOB100, LpA"*-.

Bl , TRl KNOW-CKD #fF 77 45 Hi HDL 5 eGFR 1Y
B U AU A G, 30 26 R 340 T BB 58 Ln (HDL/
CRP) KRB A Z R LA M A B . kAT
Cox [F[H 5341, #E—25 T f# Ln(HDL/CRP) 5 & Dy 6
KR

VE NG CKD Gl R 2, 5% AR 8l
FERMF eGFR K FAAHDC , Ay S Bt CKD ™ 5

T 4 DLAE AT , I 10 8 7 S8 w5 | i 41 2
IKFEAR , eGFR 7K AIK o 3 S48 SRR B0 T A A
SRS (F3) .

ST AH K2, DM H1 CAD & 4E 3R 5 eGFR 7K F
A G, A5 ES BT RE S A o8 AR E R
ARWFFENAAEBHT CKD B , Hod CKD4 S &
1015 23.5% T IRME PRI B 38l 41.2% , (H S 4K
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2 1l 8E /K S K (6.07+3.02) mmol/L, B AR 1fil 21 75
F1F 38 7K 4 (6.32+2.42) % , 45443 4H N BYSF- 24 1L
WEAKE A B 7 mmol/L. BUASTF 4 R IR
IBEZCT-F HIFE 6 BEARL, B /INER D8 3 26 m] BB K 1l
B FEG R m B R S o 12 AR
IR D 1 s s R, SR JE A S0 SO A
SR, — A AT TR CTA 8 k& sk A . AT
SRR AR B, — M eGFRAKPH 5, Fif LA
5 CAD &R 5 eGFR /K V- IEHI & 1Y 45

HDL 1 CRP X} CKD F J& 1% 1 il /5 F A7 75 5
Wo AR R, 8 iR YT HE & HDL /KPR g Tl
B o LA A AR SRR B ko o 18 R
I I PR R 2 IR G AR A 4 MR 1, HDL
FME T A AR T U R A T Hpt Rt . SRR
PR CKD A B AT 2 B HDL 4544 i o el A8 o 78—
XT EIE F B L CKD3 W1 4 1 /2 35 Fn i Ar ARERY
g™, & B CKD B HDL DU RE & A ol Ay, 22
FINIRGE Z A% A0 A 98 T, AT BEAS LA
(ESIZARE I F G 7 =R AR S 54
2, HDL 1 ) fig A BT 4 5 VE i 48 R 2 S 1
FHfit HDL K ASREAE A B A7 B S0 545

CRPVE MBS RAEFE bR, %) 12 I T IR
TAE ARHIKF-25 5 32 HoAh R R ) SRE % . BT LA
AW 5 A BT T X CKD 2k J A AR F .
HDL. CRP 43 A R BT 5 0E 7 R A ™ 2 B
HDL/CRP FJ DAz A& P4 8 iE A2 2 P IR 2
AT 20k 3 HDL CRP T fE iz ik CKD % 1
AR S QE K. HDL . CRP VE 1l JR # FH A6 ) 45
b, B 5 3B, 55— )7 1 HDL/CRP X%t CKD i 4
F A 58 AH X2, Bir LLIA A BF 98 HDL/CRP HAT R
]t S=9Ya

i 5 Cox [F1UH43H7 , M Quartile 1~ Quartile 4 2
HRZ T R4 (35), H Quartile 4 i HR, LIS {E 2
KR ik 22 W ZE 38, 45 Quartile 1 2% 4
Aotz S, it ZHEK Cox MIHHT & Ln
(HDL/CRP) J& 2 s, 25 {1 i 2 57 T P &R (£ 4)

FARIR R4 )5 , & B CG 40 HDL/CRP /K i3 T H:
fl2H (F22) , o3 AN [F] CKD J & 8 BEA 743 12 AR AT
ST, KL CG 4 Ln(HDL/CRP) J& 2% 5 S5 - il it 7
B R (F6), Kt BARL MR 38T &I Ln
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i Cox BT, A0 AT B ] A8 H 5k Ah 1T £ 1
[ 3 A B A A2, i —25 93 7 HDL.CRP LA 5
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A, BEAH B RN 7R 045 B, , S CKD S8 35K P 4
AR . AFFEAS HBEE Lo (HDL/CRP) /) J
1, HR 2 W A% , 1 KNOW-CKD BF5% , [ BE 48 A
CKD1-5 W9 E AT 35, 45 5 & 3 HDL /K F- 5 fiil 5
BUUTEIERT XA RERANFS A CRP — i
HEAT I, XoF 5 AE V- Hi RS 10 DA 5 784, [l 42
THeE B A SR BT, e 2 25 R 0.
TAE 5 T 553 1020 B0 B 00 7 0 JR 3 (R AR 5 P
&I HDL/CRP 7K 5.0 IR M 48 A 1) 22 25 o B 4R
B 20 i B BRUAE G 5 =AM R A RS I
G, W] HDL/CRP #AIG , £ 35 70 0 % 75 00 Bk ™
LA R A IR T RE G . gt it
— 25 Cox [MH 4341 )5 , &30 HDL/CRP 2 Fil I it 25 £
HAEPGET GO URPESE T ) T E O R . HARAR
I ANBE A ARBE Hr CKD 834, {H CKD M & liE &
B - 5 3 - 1 R R G 0SS IR R G T
R = €SI N R IS e S A | E= R C A A ORI
LERITREAE . A EF IR AT DI AR DI RE R T B,
DRSS I g ST = 1 = 7 = W
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A FEHLH S CKD A AR

Zi bWk HDL 5 CRP H A g5 CKD ™ & 2
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