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Abstract

Objective: This study aims to assess the association between serum lipid parameters and osteoarth-
ritis (OA) and elucidate the correlation between remnant lipoprotein cholesterol (RLP-C) and the
knee OA progression. Methods: An OA cohort was established which included all the OA patients
treated in Shandong Provincial Hospital Affiliated to Shandong First Medical University from 2017
to 2020. OA was divided into four grades based on Kellgren-Lawrence classification. Height, weight,
medical history, and other clinical data were collected. Serum lipid parameters were determined.
Ordered logistic regression analysis was used to evaluate the risk factors of OA progression. Li-
near trend X? test was used to analyze the linear trend between the serum RLP-C level and the
classification of OA. Results: A total of 2686 individuals were included in the final analysis. The
serum RLP-C level increased with the elevation of OA classification. Compared to patients with
grade I OA, the serum RLP-C level in patients with grade IV OA was 61.54% higher. Triglyceride
(TG), total cholesterol (TC), and low density lipoprotein cholesterol (LDL-C) were all risk factors
for the progression of OA, while high density lipoprotein cholesterol (HDL-C) was the protective
factor. Compared to individuals with normal RLP-C level, the risk for OA progression increased
approximately 3.41-fold among subjects with high RLP-C in men and approximately 1.7-fold in
women. After adjustment for confounding factors, the results were still statistically significant. A
significant positive linear correlation between OA grade and serum RLP-C level was identified in
the total population, men or women. Conclusions: High RLP-C level is an independent risk factor
for the progression of OA. OA severity increased linearly with the elevation of serum RLP-C levels.
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1. 5|15

HPE IR 98 (Osteoarthritis, OA) /& —Ff LASG T HCE IR AT AR AN Gk M1 S0 385 A SRR AIE (108 14 D15 e
AISBOCTEAE. MK, SIRMIhEezk, SRS, CRUOVE RSN ORI A R 1] HT
N FUERACFIERERAT, OA HIRMFEAR L TF, FIEEH I RIS BIRERL N 15%, 40 % LA L&
JRHELN 10%~17%, 60 % LL_ik 50%, 1fi 75 % DL BN IA 80% [2]. OA B Fray K H ™ 5,
Bi A2 T34 08 5 VR 3 G A 56 TR 3% I 0 DA T fe R v ] s B SR . AR A OA 53, 4
PR R R, AN AT % AP R OA AR RaifiBAT Mg, M “fRgZE”
MCgtE” FLRELAFH. Fib OA Bk v —MARU B, v AU e
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#” (metabolic OA) [3].

BRI 25 A IH [ % (Remnant lipoprotein cholesterol, RLP-C)/& & & H- i = g i g 2 1 (TRLs)A Ut 72 A4
(IFREAY, B FLBERORL (CM) RTRR A 2 52 i 28 (1 (VLDL) i i & (IR B (LPL) 7 if, 2k 25 Hh = BR(TG) I~
A IR B AR R B [4]. B B FE R I, B @ AR, RLP-C 5.0 03 A i 2R %
VIRASG, TRARTFERIL, OA 5O LB Bw KUK IS DA 5 R ARG IEAH K [5] [6]. B4, RLP-C 5 OA 2
MHR? EWAMERZ . TATE XKIETE OA BAFITF 7KL, RLP-C 352 OA B A7 faf F %,
IR IPTR TR AL TR 2K .

2. MRMREFHE

2.1. 18

SRR R TR B L ERBEAR B R R ke, IR AR B Z ARG 1 lE M R, I
ZBFmEATEREA.
2.2. HRR

ARBFFEI 2017~2020 1L AR — R RLRZE M @A LR B R, AR, RE R SR R M
& OA BEAE NS S . AR (o EE KT K129 a9 (2021 4EAR)) [7], R OA [MiZibrfEln R : 1) &
WA AR B 2) shiarsk A A, X R BRI RIS . R MR A, BEEAR KOk
WINGEWIK: 3) g >50 % 4) RfE <30 2050 5) I A E EHIRECE BEEE . £ LREH
FrifErt, 2 12, 3 4. 5 FRMERPIM)EN AT A2 WIS OA. AVISEIN T 2918 42 5% .

EHRW SR, F 232 4253 R EEHIREC S E R, B ARERIT. 1) EEEdREE
J(184 N), WHAEIRE(BMI). ME. MFE. SDUMAETEFRSE; 2) sema A g dLelosem (41 N),
WAEgR. WL CEVERE . IR (N E R BB AR X 2R AN > 100 UIL). 'BIseA4(l
it > 105 umol/L); 3) AR M ARARE LM N), wnfbiTIR25%. TAERZW). Wi RMERS. &
2% 2686 %4 S 5E AN T

23. MIRAE

DA kg Al m Ay Ry 0B BERT B g, AR LR R(BMI) FH A B (kg) B A 5 v (m) AT 7 5. D E T
JETHINE 2 5% /T 6:00 3 10:00 2 8] (1ML %, BRI ARG 3 4380, Feit =k, JFit B =R H1E.

4 8:00 % 10:00 RS 5FH KA BEEKIMLEE . 2 /NP SR P 2 B AL B2 5 4 18 L% (FPG) o
HMH VARIANT 11 L 212 73 B4 (Bio-Rad Laboratories)itfiof = RBUAH T il A AL 1M 21 2 11 (HbALC) o
3 I R IR J5 R A L 2R 56— R RV R 4 I B A LR B A SR, HEAT AR RS 24, B0 36 H il = ER(TG).
o JIH T RE(TC) K3 B i B 1 JH [T B (LDL-C) Al i 3% B i 2 1 JIH [ BE(HDL-C)  BA TC 8k 25 LDL-C 5 HDL-C
Z MG LIS RLP-C & &

MR 2 Wi bs AU AR R > 140 mmHg AI/EET5KE > 90 mmHg [8]. R A= IEIMKE > 7.0
mmol/L FI/EKEA M LT 5 1 > 6.5%F1/Ek Ak FH FAbE 2454 el Bk B8 B PRI 9] -

FiG 2 538 5 B MR X &P, BRI T Ho K5, FEARAE Kellgren-Lawrence 434
FRUE[10]%F 1 OA I35 A4 AT YA A 4> 2%« Kellgren-Lawrence 73 ZRARHERT R : 0 2%, IEH BT | 4,
KATRIBA AT GEAR AT, WIREAEH N4, AWREH, KWEBREELTE, 14, PHEREH, KHHE
BB, R N EE TR BRSO, YA IV S, REEEIERG AT, ]
BEH AR, LSOO R, G AR R A B R
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2.4. it ot

K Windows SPSS 26.0 4t it {4t B Rk T Ge it 0 4. FIH Kolmogorov-Smirnov a4 ¥k FT A 42
BRI IESYE, fF6IES0 A IIESAR B H P ErfE 2 RoR, AR IR0 (V2 24 5 ) F A A 50
(Ui Rl E) R, R E DIH(E o t)Ron . [EHAESEUG IR PG OA 02 M. BEIRF . &

% LA E BMI 41 #) RLP-C M A 2 57«

BEAEA BRI, OA IR HRAFAE S L [11], IAEARE T, X BRI o4y AT 1 80
Jriir. A Logistic [BIHBERPEAG# IR 5 OA HEFREZ MM IGHE,  IFxt B vl RERZ AR 5 A
705 OA & Z [EAHSGIE TS IR A5 R B AT AL IE, BAEAEES . PE). BMIL ik BRI -

B J R Y 53 WL 0K L RLP-C 40 NIOANTEAL, SRR X2 KL /0 HT L% RLP-C 15 OA i

IR AR

fE EIR G TiiE, A TR PR, L P<0.05 NERASIFAER.

3. &R
3.1 —RE#HER

NARUIR T TA 2 55 (N = 2686) 1 — R ETEMFIE MR 1 fin. S 5E R AECH 64 %,
S Al 1.59 m, A EPAECH 70 kg, BMI A 80N 27.92 kgim?. A HEE— 2R BE S IEEE,
29 1/5 (B G IEMERR . EERINRE, AR Hh B LS 585K LAN 1.3, L ABHELT5
P, 1ZEE RS R A AR, OA TE Lotk NBERE £ IL[12] [13].

Table 1. Participant characteristics

®1 25&F-MEN

fiE 2 5% All participants

N
# (%) Age (Years)
B4 Male
15 (m) Height
1A 5 (kg) Weight
BMI (kg/m?)

e & (mmHg) Systolic pressure
#F5K i (mmHg) Diastolic pressure
1% (mmol/L) Blood glucose
L Hypertension
HEJR% Diabetes
TG (mmol/L)

TC (mmol/L)

LDL-C (mmol/L)
HDL-C (mmol/L)

RLP-C (mmol/L)

2686
64 (59, 69)

722 (26.90%)
1.59 (1.54, 1.64)
70 (64, 79)
27.92 (25.71, 30.43)
136 (117, 161)
75 (68, 83)
5.26 (4.85, 5.89)
1226(45.60%)
539(20.10%)
1.37 (1.01, 1.87)
5.05 (4.37, 5.74)
3.07 (2.57, 3.58)
1.24 (1.07, 1.45)
0.64 (0.43, 0.89)

BMI: {AZE 5% Body mass index; TG: Hih =Mk Triglyceride; TC: & JH[HEE Total cholesterol;
LDL-C: {252 i5 & A RH [ ® Low density lipoprotein cholesterol; HDL-C: 5% 8 i 2 (1 AF [
High density lipoprotein cholesterol; RLP-C: 5%¥i/I5 & 1 fH[# f¥ Remnant lipoprotein cholesterol..
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FEILE % W48 45, TG . TC.LDL-CHDL-C () A7%5 43 51 79 1.37 mmol/L.5.05 mmol/L.3.07 mmol/L.
1.24 mmol/L, i RLP-C FA7%CH 0.64 mmol/L, HIKPEARRMENZ RIfEE B 2, LB T
BB PE: 059 (0.38, 0.81) mmol/L; it 0.66 (0.45, 0.92) mmol/L, P <0.001), i H.i%$&bsre R RIp
BE RSO R Wi 0.64 (0.43, 0.87) mmol/L; A #% /R 0.66 (0.43, 0.98) mmol/L, P =0.023). f57C

L f2 BMI BRI LS RLP-C /KF(an 1)

P <0.001 P=0.023
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Figure 1. Distribution of RLP-C by gender (a), diabetes (b), hypertension (c) and BMI (kg/m?) (d).
The presence or absence of hypertension and BMI does not affect the level of serum RLP-C. How-
ever, the level of serum RLP-C in diabetes patients was higher than that in nondiabetes patients, fe-
male’s levels were substantially higher than male’s

B 1. #%M43@). FERFED). SILEC)F BMI (kg/m?) (d)ZE3IX4 BFRHKASE B EEE 7
BEAEMER BMI HAEMERNEEERBEREEKE, BLHURERBEERBEFIE
YEPRR B & MBS M s A PEEEZ /K 3180

3.2. [M3& RLP-C 7kl OA EERREEINMAS

NPl IMLE RLP-C 7K T 5 OA ™ BLAR BE (196 &, FRAI 4% 8 OA 43 44 43 73l v 55 % 2H 18 3% ¥ RLP-C /K,
wmE 2 frow, BEE OA 43 hN, IMiE RLP-C /K-FZ#i Fimy, 5 1 4% OA ML, 1V 4% OA H3 i
& RLP-C /K-F8 /1T 61.54% (1 Z%: 0.52 (0.30, 0.68); Il Z%: 0.61 (0.45, 0.80); Il Z%: 0.62 (0.41, 0.86);

IV %%: 0.84 (0.57,1.14), P <0.001).
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3.3. & RLP-C KEAER OA HRMEERKRER

RLP-C, mmol/L

P <0.001

T
Grade 11

Grade I1I

Grade IV

Figure 2. Serum RLP-C levels of patients in different OA grades.
The level of serum RLP-C in patients with grade 1V was higher than
that in patients with the other three grades, and the level of serum

RLP-C gradually increased with the grading of OA

& 2. OA &5 % h B E R MIBHR KIS E B ABEEZ K F. IV % OA
BENMBRKAEEQBRERKFHESTHE=12% OA
BE, FHHMBERNEERABEEK TR OA 2REHFHAS

it — LR OA #EfERfal Nz, RATRMAFT Logistic BIHMTTES AT 1 & fak k2=
(I EEAE EE(OR). #1# 2 iz, TG. TC. LDL-C #I RLP-C /& OA #tJ@ I fal& K%, 1 HDL-C A1 /2FH 1k
OA IR N E . EXTUEKIANZEF, RLP-C 5 TG 141 OA it J& iR i, H 0t 53 L AT
MR AR 22 fE BB, 5IER K FEMLL, RLP-C /KTt EE OA 8 XS nZ) 3.41 £i%,
FELCME NBE, XA RS IGINZ) 1.71 £ M TG /KPX) 2otk NBEZm0 S, KU bR 3.31, S AR 1.56.
Axd, fERAHEH, TG ik OA #E XK Z = T RLP-C (2.55:1.79), TC &5 LDL-C 752 OA # &1 fa
BRI, HEE ELRRT PSR, OR {205 1.29 A1 1.55, MiH B LERAK. HEEEEMLE, 5
HDL-C /KFIEH AL, HDL-C /KFFhm#, OA i Je iy XU nT BEA% £ 70% (55 1 FEAK 62%, ZotERE
i 75%), 2/~ HDL-C JZFH1E OA #EJE i E BRI N &

Table 2. Univariate ordered logistic regression analysis
2. BERABF Logistic B35 Hr

B SE OR 95%CI P
S NEL Al participants
TG 0.936 0.056 2.550 2.285~2.846 <0.001
TC 0.254 0.036 1.289 1.202~1.382 <0.001
LDL-C 0.420 0.051 1.552 1.378~1.681 <0.001
HDL-C —-1.203 0.133 0.300 0.232~0.390 <0.001
RLP-C 0.582 0.068 1.789 1.567~2.042 <0.001
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Continued
F 1 Male
TG 0.445 0.086 1.561 1.319~1.848 <0.001
TC 0.148 0.067 1.160 1.017~1.323 =0.028
LDL-C 0.462 0.097 1.558 1.314~1.919 <0.001
HDL-C —0.969 0.264 0.380 0.226~0.637 <0.001
RLP-C 1.226 0.211 3.407 2.252~5.153 <0.001
Pt Female
TG 1.196 0.072 3.308 2.873~3.809 <0.001
TC 0.320 0.043 1.377 1.265~1.500 <0.001
LDL-C 0.420 0.061 1.521 1.349~1.715 <0.001
HDL-C -1.375 0.160 0.253 0.185~0.346 <0.001
RLP-C 0.534 0.072 1.705 1.482~1.962 <0.001

TG: il =Mk Triglyceride; TC: & JIHE EE Total cholesterol; LDL-C: K% M52 1 IHE B Low density lipoprotein
cholesterol; HDL-C: &% & 5% (1 /JH[E &2 High density lipoprotein cholesterol; RLP-C: %4/ 25 (A /I [& B¥ Remnant
lipoprotein cholesterol.

B 5, FATE— 25 N 2 R A Logistic [B1H 7 7AIE T 520 OA ITRIEIR 2L, Flln: 4E#% . BMI.
EILESPERPI S . 038 3 fis, SR IFRAAERZEEML, RLP-C. TG. TC 5 LDL-C fkK#A/2 OA it &
HIfEl R 25, T HDL-C {752 ffdm i e 25

Table 3. Multivariate ordered logistic regression analysis
52 3. ZEEAK Logistic BN

B SE OR 95%ClI P
BNEL Al participants
TG 0.945 0.057 2.572 2.299~2.878 <0.001
TC 0.272 0.037 1.313 1.222~1.411 <0.001
LDL-C 0.438 0.052 1.549 1.400~1.714 <0.001
HDL-C -1.235 0.138 0.291 0.222~0.381 <0.001
RLP-C 0.587 0.068 1.799 1.574~2.056 <0.001
M Male
TG 0.482 0.093 1.620 1.349~1.945 <0.001
TC 0.159 0.069 1.172 1.024~1.342 =0.021
LDL-C 0.498 0.099 1.645 1.355~1.997 <0.001
HDL-C -1.012 0.273 0.363 0.213~0.620 <0.001
RLP-C 1.253 0.213 3.502 2.305~5.321 <0.001
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Continued
4 Female
TG
TC
LDL-C
HDL-C

RLP-C

1.179 0.073 3.253 2.819~3.753
0.319 0.044 1.375 1.263~1.498
0.423 0.062 1.526 1.352~-1.721
—1.348 0.162 0.260 0.189~0.357
0.520 0.072 1.683 1.462~1.937

<0.001

<0.001

<0.001

<0.001

<0.001

TG: Hili=ME Triglyceride; TC: HJIH[EEE Total cholesterol; LDL-C: %25 I5 2 HIHE B Low density lipoprotein
cholesterol; HDL-C: =% 55 M HHIEEE High density lipoprotein cholesterol; RLP-C: %k A & (A BE [ B Remnant

lipoprotein cholesterol.

3.4. OA EEIZEREEIME RLP-C 7K FEHE 24 M1

BATHE— 5% RLP-C 2 J8 U3 509 AP AN T (A 41: RLP-C < 0.43 mmol/L, B 41: 0.43 mmol/L <
RLP-C < 0.64 mmol/L, C#i: 0.64 mmol/L < RLP-C <0.89 mmol/L, D #1: RLP-C > 0.89 mmol/L), ¥t
HA R OA X AT E b, Wil 3 s, | 9% OA B 5 thBE S LiE RLP-C /KT =iz d#ig >, i IV
¢ OA B3 5 LB IMIE RLP-C KA Engiiin; 5 A 4AHLE, D A IV 4 OA B S 1
2%, H—BGI TR, KA A OA 74 T ELAFAE R ZZ R (R 4), BRT AR B Ak, H

AR AL PR L A A

B4t (P <0.05, % 5).

Bl Grade IV
100% mm Grade III
_§ 80% - Bl Grade 11
&h Bl Grade I
S 60%-
Gy
@]
:é;o 40% =
g
S 20%
()
(=W
0% -~

Figure 3. Percentage of OA grades in RLP-C subgroup. The RLP-C
was divided into four subgroups according to the quartile, and the per-
centage of OA grade in each group was compared. The proportion of
patients with grade | gradually decreased with the increase of serum
RLP-C level, while the percentage of patients with grade 1V was op-
posite

[ 3. %HKIAEEAREERET A S OA SR EBE L. ¥R HAEE
BREEE R BRIk 5 AN TEE, LR EET OA TR
ditt, | 4% OA B& HEbhEE MFRHAE & B B E R K FA S ZH
A, IV R OABHELLEZHER
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Table 4. The proportion difference of OA grades in each subgroup of RLP-C
4 RNBEEARERESTAED OA P RELLES

BIFN
All participants N 2686
DL ORA R}
Brgsiit 146.485
Inspection statistics
EET 2
Freedom
P <0.001

Table 5. Paired comparison of the proportion of OA grades in each subgroup of RLP-C
F 5. HAIEERBEEES TAS OA 5 R &L ITELER

4174 Group Inspe%%né}sﬁtiistics Stﬁfr?e%rror P
A-B -38.786 35.884 =0.280
A-C —120.293 35.911 =0.001
A-D —397.985 36.252 <0.001
B-C -81.507 35.844 =0.023
B-D —-359.200 36.186 <0.001
C-D —277.693 36.212 <0.001

A: RLP-C < 0.43 mmol/L; B: 0.43 mmol/L < RLP-C < 0.64 mmol/L; C: 0.64 mmol/L <
RLP-C <0.89 mmol/L; D: RLP-C > 0.89 mmol/L.

FE LG BEAl b FRATT S 2R itk e 35 Oy K gt — B PPl 1 IS RLP-C /KF5 OA 7 42 5 B LA G
KFR. WL 6 Fin, BWEDBNEE, LRBMEE LA, OA 74 51E RLP-C /K2 ] 2 BE LK
PEIEAHR(H R RELR: B A 0.209, 531% 0.201, ZfE0.217). bFRSE 54N, BiFE MG RLP-C /K7
., OA MRS LR MG N,

Table 6. Linear trend of RLP-C and OA grades
2 6. RNAEEABERES OA STRALKMEIET

x? H 1% Freedom P R P
SNEL Al participants 117.440 1 <0.001 0.209 <0.001
B4 Male 29.016 1 <0.001 0.201 <0.001
4% Female 92.118 1 <0.001 0.217 <0.001

4. g
TEZE T, BATES T — KA OA I FUBAFI(N = 2686), iF4d T MR &%1E+r 51 OA KRR,
IR A BLMTE RLP-C &1 OA HEJE I E E M GG I K. BEE M5 RLP-C KFFhiE, OA JEi LR 228
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PRSI, RSB ANBEY, 5IEHKFEFEME, RLP-C /K FETHE# OA #EE KIS INZ 3.41 1%, fE4tEA
B, XA KRG INZ) 1.71 £, RIERARF KRG, 48RV EA g7 L RIRGERBL, Bk RLP-C 4k, TG,
TC A1 LDL-C #4J/2 OA B HIfEl K%, i HDL-C /ZFH1E OA BER IR I E . %W Fedt— B iEsE T4R
R R —— MR R ALE OA R RIEEEAEH, R I AFMARTESS M EORIER, I 7 g RLP-C
SR OA HHERMEZEMSIAERF R, N OA MIRSHET THRAL T R HE, Syseaii g i b = 5k B br 2 e
il

OA 1ER—FMEMEIBAT VB, A& G0 A B (1 BB 153 2 18 B R 2B R e 1 B 2[R R [ 14],
SR B 70 BN Tt J S 200 A L2 5 5 T 0 77 WF 72 R B OA R 7 A A IR AR AU R BR T A LA 493 »
ifi7& 2 MR R ILE S 5 E15]. £ 2 RuE RS, DURRIEEICAEE[16]. Ran L [17]5 AL
— I [E R AT AN T OA 5 i g e ¢ SR A 78 b R I, i ME 5 OA 0 2 AH S (%4 f5 OR 1.83, 95%
A5 X |A] 1.355~2.477, P < 0.001). %A HS> 1 TG, TC. LDL-C 5 OA KM St A B 5L 4kiE,
It HILXT OA IR E R A A FIFEE e HEVE F[18] [19] [20], #R1f0 RLP-C Xf OA £ FH I 5 1R b

RLP-C & & & H i =8 I8 2 1 (Triglyceride-rich lipoproteins, TRLS)/CH 17k &4, HARZA RS T
FLEESCRL (Chylomicron, CM) RV FIAE EIRES T B 2 G 5 H (Very low density lipoprotein, VLDL)
M 2525 FE g 4 A (Intermediate density lipoprotein, IDL)2HJ%[21]. SERTAIIFIE R, RLP-C 5 FHA RO
1A S A (MACE) IR A 26, IX AT UE RT3 ik ok RE A A R R () T Jid, 38 o] VA R T Jeg i 48 S [ 22]
1M OA IR AR AR & —F8 M RIE[23], X PTRELEPNE Z A E MM B R . T RLP-C 1)
W9 EEEHTE RLP-C 5 MACE Z AR & b, BRI AR I RLP-C /K-F5 OA R 126 RiFEAT
Fio TE—TUR GRS R I[24], iR LA B FE /SR N BER SR 30,000 1U MEBEIE S, BB Sk i AT 11
AV RoRIR R ST 2, TS R I R, BT AHE DAL 2 R mT e 2 T BORAT M 510 TR
HiRg . JREEIE T AERE RN, HH T ERIE, EAREERTIAAFAE. 171 CM 138 2 1 VLDL %
EI AT BEAR R T 48 AN, R CM 5 VLDL 1E4 RLP-C M4y T e 5 OA fEAESFhIE & .

EARFRATTIOAIT 50 45 T R M35 RLP-C 5 OA #EJE 2 [ (ARG, (HRTERT T Sk HE T 1H, 6t
DIRIEAT X A EE, VRN AE OA f@ BT RE AT HRAH, [RIUL A VAL iLiE RLP-C 5 OA KA 2 [A]
FRIAH DG .

M, WAIMAEREH, M35 RLP-C 5 OA HiR#VIMG, REZEMMLEREE. AT H
OA [1J95 [RIVE YT Fl— R B IR vl Sk 4 . 7E OA MIRAERIKEISFEF, RLP-C nJfe S5 BURIE R E A
PRERSCTT R T, G R I SOE AR I AT K BARH LI v ARG B FORRGE, v DMEA S
Ja I ST FEATIRANIR I o B%T RLP-C 15 OA Z[AMF/EBL R, RIILZEFR M RLP-C /K 7E3E 24 U
W, BEREAETAT, "R HPT OA KM AT I .
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