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Abstract

Objective: To investigate the impact of varying low-density lipoprotein cholesterol (LDL-C) levels
on clinical and pathological characteristics in patients with idiopathic membranous nephropathy
(IMN), and to identify factors associated with elevated LDL-C, thereby providing a theoretical basis
for clinical diagnosis and treatment. Methods: A retrospective analysis was conducted on 641 IMN
patients diagnosed by renal biopsy at the Affiliated Hospital of Qingdao University from January
2013 to March 2024. Patients were categorized into three groups based on their LDL-C levels: low
LDL-C group (< 3.4 mmol/L, n = 182), medium LDL-C group (= 3.4 and < 4.1 mmol/L, n = 101), and
high LDL-C group (= 4.1 mmol/L, n = 358). Clinical and pathological data collected at initial renal
biopsy were compared across groups. Logistic regression analysis was employed to examine the
association between LDL-C levels and clinicopathological features in IMN patients. Results: The ma-
jority of patients in all three groups exhibited MN pathological stages I and II. The proportion of
PLAZ2R positivity was 92.8%, 81.6%, and 93.8% in the low, medium, and high LDL-C groups, respec-
tively. The positive rates of PLA2ZR antibodies were 56.4%, 48.1%, and 57.1% in the respective
groups. Compared to the other two groups, the high LDL-C group had higher proportions of males,
nephrotic syndrome, microscopic hematuria, systolic and diastolic blood pressure, platelet count,
and 24-hour urinary protein. Smoking history, hypertension, increased D-dimer, decreased serum
albumin and prealbumin, hemoglobin, urea nitrogen, and complement C4 were significantly higher
in the medium LDL-C group than in the low LDL-C group (P < 0.05). The extent of chronic tubu-
lointerstitial lesions, degree of renal tubular atrophy, and IgG4 deposition positivity were greater
in the high LDL-C group compared to the low LDL-C group. The positive rates of IgG, 1gG3, IgG4, A
chain, and renal PLA2R were higher in the medium LDL-C group than in the low LDL-C group. Glo-
merular basement membrane thickness and renal PLA2R positivity were lower in the medium LDL-
C group compared to the low LDL-C group (P < 0.05). Logistic regression analysis revealed that ne-
phrotic syndrome, elevated D-dimer, microscopic hematuria, decreased serum albumin, and ele-
vated complement C4 were independent risk factors for elevated LDL-C in IMN patients. Conclusion:
IMN patients with different LDL-C levels exhibit distinct clinical and pathological manifestations.
Those in the high LDL-C group tend to have more severe conditions, including poorer renal function
and more pronounced renal pathological damage. These findings suggest that LDL-C elevation is not
merely a passive response to liver hypoproteinemia in MN, and clinicians should closely monitor
renal function progression in IMN patients.
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1. 5|8

R M FEPE ¥ 9 (Idiopathic membranous nephropathy, IMN)JE A N 5K 1 B9 48 & AE & WL 9% BE K
B[], SR B R B SRR . Lk, IMN ZEJERMEE /NS R 5 2 20%~36.8%
(2], HLAE B IEAS IR R B /N BRI 15 SRR I a5 3] IR 2 80% IMN B35 I R BN B i 25
GAERAS[4], IR EERMZ —, FwI RS A SIEIE. FRRkE, mEE, 2K
% G 25 1 IH [ 2 (LDIL-C) A2 18 14 5 A 26 B D et e ) B 2 IR 3R [5], 2024 4 KDIGO F& F B
B H R AR s R IR EE (6], AR, JETE S R b AR AR B LR A A R A I iR R
B RINEE, KA HISCER T R B ENER N R WIRES, H LDL-C 2 S E#ES SEM BRI RES
T FEE 15 AR TR

gE b, AR HT T ORI R R PR B S R B 2 B IMN (1) R 3L 641 4, AR
R EIANE 7K LDL-C #4740 2, 80 IMN B # 7R IR PR A B I 2L RRRIEYE 22 57, FFi8 3 Logistic
[5G H g2 m LDL-C Fhm R 2, S NI PR R A8 B AT SRR, 34T 51X 127 SR K4

2. MMEFHE
2.1. MEMR

BRI 2013 4F 1 A 2 2024 4 3 A1), RIS FERHAISEAN IMN B35 3t 641 ], CHBRE
PEMPR . JERIMERR . 2R A B RN S AR R . BTE NI LI B B NS
IMN HRBHATIRTT . AR AT 2588 PCSKY 64 HE 254 . T4 4010 LDL-C %Rl 52 %, STk
JE TR BERE A () A B A /b B R (1 R AR SR AN A HT

22. ARFE

PR BERE: ASHIE 5 [ USCER 1 B3 B T A A e I ) — ARG R BT B e . PRI RO, 3 85%), K&
LR AR . M. REM. 24 h [JREATEE. BB R ERRE).

JRELTORL: BRI ST TR A VORI BB & . e & Rk T T HE. PAS.
Jones (7SR )F Masson 4efy, FAETRE A B 28 — AL S0t o K RN S A L B/ INE 24 R
SOREAIMORE . MR AR 4Efl . A REE RS 8 0, 1 BRI RAS5EL.

2.3. Bz

IRAEVIK RIS B 5 ) FE A I K] LDL-C A0 45 5, K IMN F8 2543 v = 4. I b [ 1f 5 3 96 79 (2023
Yy EEMAGEAR IS E AR 7], DL <3.4 mmol/L & & /KF({k LDL-C 41), >3.4 H <4.1 mmol/L Jy
W4T+ @ (F LDL-C ), > 4.1 mmol/L N7+ (& LDL-C ). Bbak, B SIRRES IS WibrfERF & :
JREEE > 3.5 g/24h G A A < 30 g/L A EAME, AR AT LK i A SIE56 A6 7 m AL i s o s (L6
JOEL ] A0 v = B KT ) T AR ZE R A — . DL PLA2R HiA KT 14 RU/ml NRATE .

24. ZiHESE
KRGt 84 SPSS 26.0 AT G #4081, THEURRBER A 2 K5 HERRIDL x+s For, dRIE
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(T ELBCR F BRI 307 22 90 M 0 T s IMIN S8 M1K 5% B2 I 2 1 LT I R s i R, 2 Logiistic A1 53
PR 36 S 22 DR 3R 0 M 7 Y R S ) TMIN B (0 2% 82 IR o L e v 1 S I R 3, T 3R TR 3 17 KU L
(OR)J% 95%CI; K¢ P <0.05 ¥ NZEFA G2 Lo

3. 5%
3.1. B RA—itER

7E 641 ] IMN E#, IER U IME LDL-C 182 7, " T 101 1, & LDL-C 4H 358 f#1; Fik
407 11(63.49%), WHH S 154 411(25.25%), & B RLREERATE FEl IMN £3% 570 1411(88.92%), & IFKE KA
101 $1(15.76%), HAAIEHEIRFEEHE 8 B, milLE 307 $1(47.89%), D-— AT R 174 $1(27.58%),
BN IR 508 1511(87.59%) - b4k, 3 143 B3 A 1 MiE T M AL PLA2R HiiksK-F, Hrdr 79 451(55.24%)
Fhimrs 2L 501 G EE RN T ENE M 8 PLA2R, Hor 461 141(92.02%) A9 FH M o HR 4 03 2 25 5 o 25 4 T X
BN TR AR I EL B, 23 TG/ FE(<25%, 90 fil, 91.84%). F1REE(26%~50%, 6 1)K EE(>50%, 2 ).

3.2.3 40 IMN BEpIEFRFR L8

£ 3 40 IMN &, R R, BMILL BRI L85 — RERER W22 5, Ml ml WA LDL-C 40 53 1%
Eeil o 7 LDL-C 4L # AT R A IIRAS . 8 IR URs I 79K K /G5, 24 /Nt R
AT ELSHERE., JREA o B0RED B & THARMA, TURE. SRR D- 5T &,
ML A PR RS % B IG E (A H [ B2 5 T8 LDL-C 41, 1fiE A& A & w0 A 8 A /KPR F% LDL-
CH, ZRAAGIEE (P <0.05), W%kl

Table 1. Comparison of clinical data of 3 groups of IMN patients (x + s)
1.3 45 IMN BERIRRZRIEEBI(x £ 5)

e Sk DU WS ERSR AL BRI R D-—IRE BT IMR

AL (%) B, o)1 B, o] B, o1 B, (0] B, 0] Bl @] [Hl, )] Bl (%)
RIE4H 182 511;.7111 105 (57.7)* 169 (100) 32 (18.9)* 147(80.8)* 31 (17) 72(39.6)* 30(16.9)* 138(81.7)

HE4 101 313+ 58 (68.2)* 99 (99) 24 (24)  86(85.1)* 21(20.8) 45(44.6) 25(25.5) 78(83)

1231
P 53.09 +
FIRAL 358 Ty c 244(63.5) 339(994) 98(28.7) 337(94.1) 49(13.7) 190(53.1) 119(33.5) 292(92.1)
Fl? 1.541 7.605 1.425 5.854 23.616 3.308 9.363 16738 13.276
P 0215 0.022 0.490 0.054  <0.001  0.191 0.009  <0.001  0.001
ww gy R FFokIE PLA2Rab BMI UA ALB [SESE!
- (mmHg) (mmHg) (RU/ml) (kg/m?) (umol/L) (g/L) (mg/L)

fRAE4L 182 136+ 18" 82+12%  4422+8426 2581+£3.58 364.59+9571 36.35+13.43* 300.87 + 80.26°

g 101 136+18° 82+122  91.13+23941 259+3.54  376.5+95.62 3526+12.76 296.71 +73.96

iR 358 142+20 8613  76.05+£112.66 26.14+4.01 375.14+9537 33.36+13.07 279.65+71.59
Fia 7.505 6.67 1.048 0.485 0.76 3.23 4373
P1a 0.001 0.001 0.353 0.616 0.468 0.040 0.013
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gk

s g LPLC HDL-C TC TG Lp-a apop FPG T AEAN
4 (mmol/L) (mmol/L) (mmol/L) (mmol/L) (mg/L) (g/L) (mmol/L) EH(%)

{KJEZH 182 2.68+0.49° 1.53+0.53* 598+246% 2.52+249 3404+337° 097+025 6.5+148 7.13+£2
HIEZH 101 3.77+£0.21% 1.71+£0.55% 6.48+1.778 2.44+2.06 4355+382.18 1224022 6.72+1.79 692+1.9
EEHE 358 6.11+1.91 1.81+0.55 9+2.44 248 +1.65 643.9+4704 1.73+£045 659+1.55 6.68+1.66

F1H 362.869 14.386 116.724 0.054 24.836 220.036 0.156 1.173
P 1A <0.001 <0.001 <0.001 0.947 <0.001 <0.001 0.856 0.312

ok . eGFR -
TR Hb WBC 14¢ Plt 114 BUN SCr [ml-min 24 h JREAE
) (gL) (10°/L) (10°/L) (mmol/L) (molL) (| 73 w2y i (g/d)

fRHEZL 182 131.49+18.9* 7.44+291 236.71+6327° 5.16+1.57*° 66.82+20.43 100.4+18.57 3.71+3.522
R4 101 132.96+16.34  7.36+2.73 239.73+£62.95* 5.19+1.5  65.07+1827 101.54+17.86 4.01 +3.31°
SR 358 136.1+1693  7.36+281 257.34+70.55 549+1.85  6939+243 99.06+1824 529+341

F1iH 3.634 0.061 5.654 2.778 1.74 0.815 10.04
P1{H 0.027 0.941 0.004 0.063 0.176 0.443 <0.001
wEl B I%G IgA IgM c3 c4 CAI125 CA199

(gL) (gL) (gL) (gL) (g/L) (U/ml) (U/ml)

{ERHEZH 182 11.02+£53.33  1.93+£2.55  3.52£2692  1.11£026  0.26+0.08° 23.34+21.45 15.02+12.28

FE4l 101 6.75+3.05  2.06+1.11 1.07 +0.66 1.14+024  028+0.09 28.65+£29.96 18.68 = 14.62

R4l 358 9.17+47.6  2.75+10.58 2.1+9.72 1.15+0.23 029+0.08 52.13+134.07 18.17+14
F14 0.262 0.669 0.771 1.321 4.42 2.554 2.786
PfE 0.769 0.513 0.463 0.268 0.012 0.08 0.063

W HGEedbE, 2P <0.05; HILAS4LELE:, PP <0.05.

3.3.3 ¢ IMN B E 1S HARIB TR LB

7E 641 f] IMN HEh, FREHYUIBHAI N E; (K LDL-C A 85 E/NE R EEHEHRE. F/
BRI N B LDL-C 4183 B ME PLA2R Jetanm /e — 4 o N il eG4 YL A % /5 & LDL-
CH Mm%, Wik2.

3.4. IMN # LDL-C ASHIEE R Logistic EYI5r#7

PLIMN 2% LDL-C FFE 2B (IE% LDL-C Ju 4l =1, T LDL-C 41 =2, % LDL-C 41 =3)
NEFHEARE, IAN—REER IGR TR BRI AR TR A7) BRI TR Y B AR &, R EE Logistic
BB RE A 25 RN R, 2508 Bk WS BREAIEPRE. milER. D-ZRATH &,
BR MR B/ANER PSR A&, fTEEA ISR #ME C4. MIERRidY) CA125 I
CA199 i 27 BEA R IR X (P<0.05), HREFRERTLSITFE L. N OREXE, Mk C4. F
REEEIDIRAS . D- AT B R IMAREE, X IMN S5 035 B N 85 1A BH [ T v i s B 3,
W 3.
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Table 2. Comparison of renal pathological data of 3 groups of IMN patients [cases, (%)]
2.3 44 IMN BENBBERIERELBI, (%)]

; % B PR (ERAN=A TR N
wnl G VR 2 B BANERR — . Eixiiil
) (" x+£5) i TR A lﬂb’\:};{i BNEEgE RS KRG

2 IR
fRAEZL 182 14 £ 8.34 20 (11) 51 (28)° 71 (39) 68 (37.4) 15 (8.2) 111 (61)
g 101 13.04 = 8.31 12 (11.9) 31 (30.7) 46 (45.5) 40 (39.6) 16 (15.8) 66 (65.3)
mfgd 358 1435 +8.58 39 (10.9) 137(38.3) 168 (46.9) 171 (47.8) 41 (11.5) 221 (61.7)
Fl* 8 0.912 0.08 6.274 3.119 6.062 3.802 0.568
PiA 0.402 0.961 0.043 0.21 0.048 0.149 0.753
o BNERIERC TgG BiMA
e | B /NER 3
4 B T o . " IgGl1 IgG2 IgG3 IgG4
fRAGZH 182 1019+306.04 1(0.6) 11(6.8) 82(50.6) 68 (42) 112(77.2) 84(60.9) 45(30.2) 129 (88.4)
IS 101 894.71+£27127° 2(22) 6(6.5) 56(60.9) 28(30.4)2 62(76.5) 40(53.3) 16(20.3)* 67 (80.7)
R4 358 989.33+£257.11 2(0.6) 15(4.5) 167(49.9) 151(45.1) 219(79.1) 157(62.5) 101 (37.7) 262 (96.3)
Fly* 5 2.192 9.008 0.327 2.062 9.017 22.187
P1H 0.115 0.173 0.849 0.357 0.011 <0.001
. . . - - K 3
Hal BB IgA VIR IgM VTR C3 YA Clq Ui
0 + HeHH 0 + et
fRAEZH 182 38(244) 36(24) 93(64.1) 31(Q1.1) 2(1.2) 849 153(93.9) 2(1.2) 12(7.4) 149 (91.4)
igZE 101 20(22.5) 19(21.8) 61(70.1) 23(284) 3(33) 4(44) 84(923) 3(33) 6(6.7) 81 (90)
R 358 73(22.3) 59(18.8) 218(727) 71(23.8) 2(0.6) 14(42) 317(952) 2(0.6) 11(3.3) 317(96.1)
Pak:! 0.274 1.762 3.383 1.540 4.551 8.972
P 0.872 0.414 0.184 0.463 0.337 0.062
B E PLA2R MN 4% 22 73 1]
EAZ7 [
+ RIDRINES 81 I~113 1A TI~IT13 MI~IV#A
fRAEH 182 10 (7.2) 63 (45.3) 66 (47.5)  21(11.9)  95(53.7) 50 (28.2) 10 (5.6) 1 (0.6)
g4 101 14(18.4)  29(382)  33(43.4)7°  13(13.3) 46 (46.9) 36 (36.7) 1(1) 2(2)
mfE4 358 16(6.2)  100(38.6) 143(552) 31(8.7) 186(52.4) 122(344) 13(3.7) 3(0.8)
1E 14.02 9.65
P1E 0.007 0.290
W SElEdE, P <0.05 S{RAEALLLE, *P<0.05.
Table 3. Univariate and multivariate Logistic regression analysis of PMN with high LDL-C
%z 3. PMN #5 LDL-C BB ERZ5ZEE Logistic [E)3A5
BRI ZREST
JEAATS
p SE Z P OR (95%CI) p SE Z P OR (95%CI)
S 035 0.18 1.97 0.049 1.42(1.01~2.03)
W A 52 049 022 217 0.030 1.63(1.05~2.52)
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B 4% A Ak 1.04 026 4.04 <0.001 2.82(1.71~4.65) 140 036 3.85 <0.001 4.07(1.99~8.32)
e LR 049 0.18 2.77 0.006 1.64(1.16~2.33)
D-— 54k 0.87 023 3.82 <0.001 238(1.52~3.71)  0.95 0.40 238 0.017 2.58 (1.18~5.63)
Bi R IR 0.71 026 277 0.006 2.04(1.23~339) 094 036 258 0.010 2.56(1.25~5.24)
BNERFEIERAE 039 019 202 0.044  1.47(1.01~2.14)
ALB 0.01 0.01 -2.08 0.038 0.99 (0.97~0.99) —0.03 0.01 -3.11 0.002  0.97 (0.95~0.99)
ISEAS 0.01 0.00 —2.23 0.026  0.99 (0.99~0.99)
Plt 7%k 0.01 0.00 2.54 0.011 1.01(1.01~1.01)
C4 330 113 293 0.003 27.19(2.99~247.11) 4.12 171 241 0.016 6135 (2.17~1734.57)
CAI25 0.0l 001 1.99 0.046 1.01(1.01~1.02)
CA199 0.02 001 233 0.020 1.02(1.01~1.04)

3.5. IMN £ LDL-C A S ZE R Logistic B35 #r

¥ BB B E R R B AR BN B AR &, 4k8:0L LDL-C JHefR BN R AR &, SR
Logistic [543 4, A8 & ik NN JTi5, 4R IRR B EE G IEIRAS (P <0.001) . D- R4 TH&EP=0.017).
BN IMLIR(P =0.010) Il EHEH(P=0.002). MK C4 (P=0.016)EFH gt X, W& 3.
4. Wig

IMN 2 BN B 25 A AERAS s DL B SR A, P R i MR I, [RIBA7 7 i REAS e B IR
BAERAY AR SCEREE N, 1M B T IR R AR R R B 5 P AR ZE L R VI [8] [9]. BRI HE
PR BB AR o R RE R R R S S, SRR T RERRAS . 0 X RO 4R R T 10] . REE
Hr R LI PLA2R Pk al DLE e E 40 F i) PLA2R SRA05 2 4ifa11], AL4ufuth 7 532 B 5
PRI, H— BAZIRRAMEVR ST, MNP R HERE [ 12]. K25 B R B ol 5 B NV 4 i b s e A2
haia, 25308/ NE IR B A NS E [13]. Sawako Goto 58 NHIHE L& B, LDL Alfgidid
BNE LR E IR R A2 A A 2 (LRP2, RN megalin)#H ELVEHT, M/ NERITIRE. LRP2
s —FE E Lt /NE A IL(PTCs) h 8 132k, B 52 MEEMARER, JHES/NE T i E g
fi[14], Erik I Christensen 25 A\ (BT 78 [RIAESE . LDL Rl 2 (4 E IR B /NS I hRe, B ssm s
A . megalin & 5 /NE Hh 47 5% B ISCIEIE 18R T 132 44, L DhRE T RESZ B LDL /KPR mi[15]. it
4, LDL w] REE I 5200 B /NE 0 i ) N e E AN AR B, ki sz o 5 A ) R DR 16]. BRIk 2 AF,
I PR 2 1 W G A O I s XU () B 2T T [ 17, IMIN PR &R LE,  4¢ 2 LDL-C Jhis
(18 i) 0. 5 | I R 5 U 11 v P8 EE A

AR, (REERRE A ME RS, FREGZEIERE SR Z, XS5 BRaaibREm g
SRS E AR IUER ¢ AR RIE SR, s, R4Sk &7 ikE, #B7Em LDL-C 47t &,
A A JER PR LA o ) 0 o A LA R R AR A, 7 A BE KR O ML A AU [18]-[20] 0 FRATTAAAIE T 485 SR SCHe
5 P A B R B v R 4, D- SR AR S /MR TR B T, HEN TMIN afige IR A e 0 B v
SRR L AT RE 2 LDL-C, Al PLA2R HHHiAkZ5[21]. He S [22]BF 5K M, MIRMKESHE
SN 1) K T REAE L B 50 B R A e i AR R 5 BN ERDE S B R R A OC, XS AR SRR I
AR FEE B — 8 B, & LDL-C A A& E & A& A ER, e SE iR E T
G2 AR B 25 B [ B 3 0 A ¢ o ASRFRR R W], LDL-C H a4, mas B a0 iE s,

3 og W
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DAL 5 LDL-C A AL W AR B o AR ARG 2 IERI B 1 B ¥ 3 I tH B 2 T v o A 90 R A MAR
C4 Fifi LDL-C Jt751, mIReRNFMA C4 BIMeE 5 e AR SIS R MR 1A O¢, XAl Resgm /K- F[23], X
53R RIE TgA B IR K-F 5 4MA C4 B IEAHSC ISR —8[24]. k., IMLAE 7% 7T A S B
SSE,  SFETTROERMA C4, M 32 0 0L 003 1 K R [25]

SCHRIRIE ,  ERF R PR 5 s i i P IK RS B TR BUR AR AR OG, R TR0 AR PR e 57 e
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