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Predictive value of residual lipoprotein cholesterol in the occurrence and severity of

peripheral arterial disease in patients with type 2 diabetes mellitus
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[ ABSTRACT ] Aim  To explore the correlation between residual lipoprotein cholesterol ( RLP-C) and the
occurrence and severity of peripheral arterial disease (PAD) in patients with type 2 diabetes mellitus (T2DM). Meth-
ods 392 T2DM patients with complete data who attended the Department of Endocrinology and the Department of Cardio-
vascular Medicine of People’s Hospital of Henan University of Traditional Chinese Medicine from May 2022 to December
2022 were selected and classified into PAD group (n=203) and non-PAD group (n=189). General clinical data were
collected between the groups, the difference of RLP-C level was compared between the two groups, the correlation between
RLP-C and PAD was examined by using univariate and multivariate Logistic regression analysis, and ROC curve was
plotted to analyze the predictive value of RLP-C for PAD. Results Compared with non-PAD group, RLP-C level was
significantly higher in PAD group (P<0.001) ; RLP-C was positively correlated with the severity of PAD (r=0.443, P<
0.001) ; Multifactorial Logistic regression analysis revealed that RLP-C was a major risk factor for the development of PAD
in T2DM (P<0.001) ; The area under the curve (AUC) of RLP-C level prediction for T2DM combined with PAD was
0.860 (95%CI: 0.824 ~0.896, P<0.001); The optimal RLP-C threshold for predicting the development of PAD was
0. 67 mmol/L. Conclusion RLP-C level was positively associated with the occurrence and severity of PAD in patients
with T2DM, and RLP-C was an independent risk factor for the development of PAD.  In addition, RLP-C>0. 67 mmol/L
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increased the risk of PAD in T2DM patients.
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predictive value

residual lipoprotein cholesterol ;

ANE B KR ( peripheral arterial disease, PAD)
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RIL, % PAD ) R IB 164 B 8 2 )
J& ABL 7E R I PAD AOBURMEABR . H AT 4 Gk
Z WL R IR PR SR R PAD AR T-Be .

5 b B 1 IE [5 B (residual lipoprotein choles-
terol, RLP-C) J& & 7 H il =W AU IR 8 F kb iy
JIELT P | 8 8 E 52 Ak 57 T 4% 8 1 R B 98 A [ IR % 2
A5 2 1 HH [& 5 (low density lipoprotein cholesterol ,
LDLC) | H il = B ( triglyceride, TG ) Fl i1 AH [# s
(total cholesterol, TC ] 5 #h Ik fb % W AH ", H
B RS I RIFFEUESE &5 RLP-C 7KF- 5 G i 0 i
S RBP4 KRG 22 TR 7R DG IR, I i 2
e 2 1T A0 st KRR A G il 5 =
AT — IR 5% R, RLP-C K FHR T30 PAD K2
MU 5 F51 % T ARk RLP-C 728 Bk g Ak
Hh S fEBOR BZ 3 OC T, B H NG A BF SR
2 BUBEPRIE (type 2 diabetes mellitus, T2DM ) iX ZS ¢
& NBE RLP-C 275 5 PAD 1y % A B ™ 5 A2 AR
K, R AWTSE B AEARTE M Z R A AR S

1 #RITE

1.1 TRMTE
HE2022 F£5 A—12 AEFAEFEHZRFA
R E 1% 1 4 3B RS o % A Bzt 2t 413 ) T2DM

type 2 diabetes mellitus;

peripheral arterial disease;

B AT E BT, R 21 Flis KRR 2 &
Hla, mAERN32 6l EH, AT E.FAH
T2DM 95 BT Ar ™ HEBR AR . 28 R MR BE S
il 7 S5 A R OR AME R RO (4 4R RO BRE R
vE HMERSRSMAR T EF); S ENE
A TR ¢ KU 9% MR R ABI>S 1. 45 %
WA B A R R 26 AL S dE T2DM; BE A 3E R4 M T R
B ERFEB T RE, ARRETEFENAF
FHIEREFREFREE R,

1.2 —RERKSA

A BN G R RER R BRER £ R
HIFERFERITH, ETHE2 RIERZERS T
B # i, % 98 T 3 000 ©/min %% 10 min, 2 %
/%, KR Ot BT R U At /N A7 ( platelet,
PLT) , & J B8 3 40 0 J& B (uric acid, UA) | iz 7 HILBF
(serum creatinine , SCr) , %, 7 b, 4 3% 4 0 & § C K
k2 & @ (hyper-sensitive C-reactive protein, hs-CRP) ,
>k JH 2 AL B % A ) = FE o $E (fasting blood glucose,
FBG) , & F & 4 15 % 4 I AE Ak ot 21 & & (glycated
hemoglobin, HbAlc) , # 4T # J% % 2 0Il TG | TC & %
& fg & & JE [E B (high density lipoprotein cholesterol ,
HDLC) .LDLC.,

K JR 48 %% (body mass index, BMI) R #& /A 5
BMI=14 T & (kg)/ & @& (m)* 54 il 200 & 2 X
) B AR 2 BRAE AT B BT RO R 3SR ROE &
EXANAAES40 o/d; F it E & X HESE3 K
6] — B 8] 72 4 FE AR B A T B 0 48 £ =140 mmHg
A/ 5 47 5K B =90 mmHg = BL A F & JE R &, B Rl
IE 2 RO P o [ 2 40 5 4 RO R AR R R B R I
% Hy 4 KR FF 46 ; RLP-C (mmol/L) = TC ( mmol/L) —
[ LDLC ( mmol/L) +HDLC ( mmol/L) ]'*'; non-HDLC
(mmol/L)= TC ( mmol/L) ~HDLC ( mmol/L) '+ s H
= B8 4 4 Fe AR (triglyceride-glucose , TyG ) 48 2 it &
S ",

RAENH B A T PAD 4% PAD 4 (n=203)
1 PAD 41 (n=189) ;3 it i & % # 17 4 41 B 3l fik
ALK PAD B 0 W R E U (n=103)  F K4
(n=47)fE 4 (n=53),
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MHPNFREGENEEHHATT PADER &
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1.4 SMEBNBKREL 12 B TAG

%t PAD JE K 20 ABI<0.9 th B & @ 1 T i
B ko & R E — B IR AE IROR B kR B ko AL
JIE 24 Bk B F B B0 kR B i UL, 4 R R T
B Nk 117 PAD #2 % 5 0 ST 0 %
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AHEE,

x1. MERBITMNRITES

Table 1. Vascular pathology evaluation and scores

Hf 4

I s A PRy
B Jik P B S

IEH (<1 mm) 0

FREEHATEL (1 ~ 1.2 mm) 1

JEE IR (>1.2 mm) 2
Tk,

EH 0

BRI Ab (PN BRI E, [l P 8, TCBEb ) 1

o R S R AR AL (R T, fE A B e ) 2
BEh

1 (TCBEHIE %) 0

HABEH 1

KEBEL 2

Sy LT 3
B

EH 0

B (BAE<50% ) 1

HHBE (50% <BRAE<T5% ) SN E R A (B =75% ) 2

P41 %€ ( JC LI ) 3

1.5 FHitELSH

5k I SPSS 26.0 F Graph Pad Prism 6 41t ¢ %k
HHATHAELE, THERUMBEFET 2L ET,
411 B R X AR A A B A AT T TR
xks KR, ZUBRRA T Z0 A FEES S
A7 BT E VOB DL L S e I R R, 4L A H B
%k A Kruskal-Wallis H £ % 5% Mann-Whitney U #&
By, K Pearson 48 X 24T RLP-C & £ fi o fg 8 #r
5PAD 9k R, RAEEE S HE Logistic 7
ATk 3 RLP-C 5 PAD 2 6 940 X M, 4 41 %
ik # T 1€ % 1E ( receiver operating characteristic,

ROC) 1 % 2 #f RLP-C xt PAD & il (&, X
fil P<0.05 K ZFHFZITFE XL,

2 % R

2.1 PAD A5 PAD AHia—f&IGERZ L

TE4N A4 392 5] T2DM H 3% v, 203 {4 A
PAD(PAD 41),189 % f PAD(JC PAD 41), 5
JC PAD 2 H B AT HE, PAD 4 5B & 4R 18 B IR % R
& W46 s 477K % . SCr . hs-CRP .RLP-C .PHR .MHR
TR (19 P<0.05) , PAD 2H 52 3% s 1fi 7 6 0 3%
R (P<0.05) , Al 519 B /N ER U8 3 % (estimated
glomerular filtration rate,eGFR) (HDLC 7K~ F#AIK (3
P<0.05) , I [a) 7 opE s i 5 =X 5w e i =2 5 A
it r i L (P<0.05;%2)

% 2. PAD 57 PAD 41— RRIKHK SR L
Table 2. Comparison of general clinical data between

PAD group and non-PAD group

y 4] 4]
A e
AEWS, % 58.92+5.35  65.34x5.11 <0.001
B/ (%) ] 108(57.1) 110(54.1)  0.556
WEHEHL (kg/m?) 25.52+3.51  26.02+3.15 0.138
W R/ [ (%) ] 74(39.2) 86(42.4) 0.518
s/ [ (% ) ] 90(47.6) 103(50.7)  0.537
FIME S/ [ 6% ) ] 106(65.1)  156(76.8)  <0.001
Wl bR s o e/ 4 10.64£3.35  12.23£3.75 <0.001
W4 ./ mmHg 128.13+7.36 132.58+7.45 <0.001
EF3K R/ mmHg 84.96+6.77 86.47+5.86  0.019
fbTT A2/ [ (% ) 33(17.5) 41(20.2)  0.148
i B 7=/ [ (% ) ] <0.001
% 26(13.8) 45(22.2)
1 IR Bt 24 112(59.2) 90(44.3)
JBE 5 2R+ IR R 24 26(13.8) 56(27.6)
[ere-gixil 25(13.2) 13(6.4)

222.24+13.41 223.85+14.56 0.257
314.46+51.41 319.23+55.67 0.380
65.31+10.13 71.64+12.57 <0.001

PLT/(x10° L")
UA/(umol/L)
SCr/ ( wmol/L)
eGFR/[mL/(min - 1.73 m?) ] 102.67+23.58 92.35+28.15 <0.001

hs-CRP/(mg/L) 1.18+0.94 2.12+1.08  <0.001
FBG/ (mmol/L) 9.87+1.27 9.93x1.30  0.645
HbAle/% 8.12+1.27 8.15+1.31 0.818
TG/ ( mmol/L) 1.67+0.45 1.64+0.42  0.495
TC/ ( mmol/L) 4.28+0.73 4.31+0.76  0.691
HDLC ( mmol/L) 1.03+0.28 0.96=+0.21 0.005
LDLC/ ( mmol/L) 2.63+0.65 2.66+0.86  0.698
RLP-C/( mmol/L) 0.53+0.19 0.78+0.14  <0.001
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gk PAD JZ5 FERE A9 N 8, PLT \UA . SCr. hs-CRP .RLP-C |
WiH ?f}\lggiﬂ (P{‘; (fi P PHR \MHR | B hik ™ s P 5 E T34 (38 P<

non-HDLC/ ( mmol/LL) 3.31£0.92  3.36%0.95  0.597

4G K 7642029 7675035  0.358 2.3 RLP-C REfmAEfE+R5 PAD mERRERHE
PHR/ (x10°/mmol) 9.84x7.19  11.34x4.74 0.015 X5

MHR/ (x10°/mmol ) 0.13x0.11  0.23:0.10  <0.001 Pearson FH5CZ3 8 RLP-C K HiAth 1f J8 8 45 ( TG,

0.05) ,eGFR \HDLC % FRE#H (1 P<0.05;% 3),

TC .HDLC .LDLC .non-HDLC) 55 PAD J*HE I X2,

2.2 PAD ANEIZhBKFELIEEH—RIGKZF L
PAD /A [R) Bl A £k P2 BE 20 B 2 AR AR08 | I AR 4
HAX M ERA SR L (Y P<0.05) ,bi&E

# 3. PAD BEETAE—RIGRE R LE

Table 3. Comparison of general clinical data between subgroups of the PAD patients

ZERFLH] RLP-C(r=0.443,P<0.001) \TG(r=0. 111,
P=0.012)5 PAD J“EH £ 2 IFAHSE, HDLC 5 PAD
FUE LT R ISR O (r=-0. 221 ,P=0.002; % 4) .

i H BEH (n=103) UL (n=47) EEE (n=53) P
k% 63.54%5. 40 67.40=5. 35" 65.36+5.35 0.012
B/ Hl(%)] 61(59.2) 27(57.4) 28(52.8) 0.746
R H (kg/m®) 25.5422.89 25.59+3. 11 26.02+3.05 0.622
KR s/ [ (% ) ] 28(27.2) 14(29.8) 11(20.8) 0.555
RS/ [ H1(%) ] 25(24.3) 12(25.5) 18(33.9) 0.419
RS/ (B (%) ] 53(51.5) 31(68.1) 39(73.6)° 0.019
IR AR/ AT 10.21+2. 41 11.11£2.93 12.53+3.20" <0.001
4 ./ mmHg 130.43+6. 67 132.40+6.71 132.53+6.05 0.085
#F 9% £/ mmHg 86.53+5. 66 87.13+5.62 87.53+589 0.568
TS5/ [ (% ) ] 21(20.4) 8(17.0) 12(22.6) 0.782
MR 5 =/ [ (% ) ] 0.006

JHREy % 14(13.6) 11(23.4) 23(43.4)

F R B IH 50(48.5) 20(42.6) 17(32.1)

JHE 5 25+ 1 IR [ 24 27(26.2) 12(25.5) 11(20.7)

R B 12(11.7) 4(8.5) 2(3.8)
PLT/(x10° L") 200. 12+12.32 202. 13+12.39 205.47+12.53° 0.040
UA/ ( pmmol/L) 310.45+53.42 321.86+52.52 334.45+53. 67" 0.029
SCr/ ( wmmol/L) 70.23%11.56 71.13+11.30 75.21£12.14° 0.040
eGFR/[ mL/(min + 1.73 m?) ] 92.35£16.32 90.34+20.34 85.34+17.11° 0.036
hs-CRP/ ( mg/L) 1.78+1.08 2.58+1.04° 2.65£1.01" <0.001
FBG/ (mmol/L) 9.91=x1.21 9.87+1.23 9.75+1.13 0.734
HbAlc/% 8.25+1.20 8.32+1.12 8.36+1.24 0.861
TG/ ( mmol/L) 1.4520.41 1.4820.39 1.56+0.37 0.206
TC/ ( mmol/L) 4.4420.65 4.33+0. 66 4.38+0.77 0.686
HDLC/ ( mmol/L) 1.02+0.18 0.97+0.16 0.94+0.13 0.022
LDLC/ ( mmol/L) 2.61£0.66 2.46+0.71 2.43%0.63 0.206
RLP-C/( mmol/L) 0.62+0.26 0.85+0.28" 1.02+0.25" <0.001
non-HDLG/ ( mmol/L) 3.28+0.81 3.30£0. 84 3.33£0.89 0.936
TyG 8%k 7.71+0.43 7.74+0.49 7.76+0.41 0.781
PHR(x10°/mmol) 8.87+2.75 10.84+2.19 13.3443.85" <0.001
MHR ( x10°/mmol ) 0.19+0.11 0.21+0.09 0.24+0.12° 0.013
TS bk E AR RV 48 7.43+1.25 14.53+2.78 25.87+3.31% <0.001

W a b P<0.05, 5L b O P<0.05, 5 B4 K,
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4. RPL-C K HAtNAgHEFR 5 PAD =EEEREX D
Table 4. Correlation analysis of RPL-C and other lipid
indices with the severity of PAD

2.4 PAD 5% PAD AMBEEEFEEE Logistic
B3 53 41
Logistic [543 8 7, 4F 0% W 95 5 72 | hs-

A b r P CRP .RLP-C .PHR \MHR & PAD % A [l 57 f& 6 [A]
RLP-C 0.443 <0.001 R (P<0.05,1 FE 2)
TG 0 111 0.012 2.5 RLP-C Xt T2DM %& 4 PAD Tl in{&
e 0. 289 0. 084 ROC o M4 R &7, RLP-C X T2DM SR 4
KA PAD HA B i BN A, I ROC ik~ i
HDLC -0.221 0.002 .
1 (area under ROC curve, AUC) >/ 0. 860 (95% CI ;
LDLC ~0.078 0.270 0. 824 ~0. 896, P<0.001) , RLP-C Tijll T2DM %
non-HDLC 0.014 0.843 PAD KA I FRe AL I $LE 4 0. 67 mmol/L, RAE K
77.2% R SR 78.3% (K 3)
TE HR(95%Cl) P&
£ 3.662(1.889~5.446) <0.001
YERFERTIE  1.994(1.113~2.776)  0.022 - .
= E 1.980(1.050~2.451)  0.041 —_—
SBP 2.047(1.051~4.093)  0.035
DBP 3.108(1.059~5.122)  0.039
SCr 2.395(1.518~3.778)  <0.001
eGFR 1.895(1.451~2.091)  <0.001 —
hs-CRP 1.345(1.103~2.385)  <0.001 —
HDLC 1.702(1.199~2.417)  <0.001 —_—
RLP-C 2.249(1.622~3.145)  <0.001 _
PHR 1.473(1.178~1.840)  0.001 —
MHR 1.410(1.203~1.652)  <0.001 —
0 1 2 3 4 5 6
1. BEZE Logistic @3 #x M E
Figure 1. Forest plot of univariate Logistic regression analysis
TE HR(95%CI) P&
i 3.514(1.251~7.010)  0.008
HERIERIE  1.712(1.0569~2.135)  0.041 —_—
hs-CPR 1.776(1.229~3.118)  <0.001 —_—
RLP-C 4.717(2.774~8.020)  <0.001
PHR 1.387(1.178~1.633)  <0.001
MHR 1.557(1.009~2.662)  <0.001 | ——We——
0 2 4 6 8

2. %[EZE Logistic [E1349 47 &Rk E

Figure 2. Forest plot of multivariate Logistic regression analysis
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REE
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& 3. RLP-C Xf T2DM £& % 4 PAD HFNME
Figure 3. Predictive value of RLP-C for PAD in

diabetic patients

3o #

B F A2 N F 8 i 1k s HOZ W in &, PAD
L A 4 6 o R A R 22 J Y B = RO I A R
o, R R A SR AR TR TR AR OR Z I 5T
F W] PAD (B E A AUAETE SN 3l ke 7 | ik i XUBS:
(7] S 3 A S0 L o L8 9 2 26 KU, 3 -
SEEC A AL BFSE R T2DM A PAD
SEE R0 IS FE T RS, b A — o g 1) A8 35 5 5
5202 T2DM A9 PAD BH HA B FEA R
fﬂ‘ﬂﬂﬂﬂl%%ﬁi(major adverse cardiovascular and cere-
brovascular event, MACCE ) & 4 R FIFE TR, §E b -
WA Y B PAD SN PAD SBEH BIfER 2
XS PPAS SRR ARAIRTT 7 58 R, S 53l
FIFEFRE TN T2DM 571 PAD EXREE,

PAD J& T 2l I AE Al o 1l 00 Y e | 5 A,
B KA AL 5 B A AR [F] A 6 PR 2R bl PR A A 1%
e L I S AR R SRR T, PAD R R
SRR ARG TE 50 2 2 ) B RAE I AR 14 n 10
BRI 1A%, b A S iR AL 2
HAE O MG IR A G ARBF R RS E
PAD 2B AH L, PAD 2 E AR WEIR TR L
% K 73K SCr hs-CRP \RLP-C ,PHR \MHR 7K F-
B (1 P<0.05) , PAD 2H 3% e 1L Hs R0 R
(P<0.05) ,eGFR ,HDLC /K&K (¥ P<0.05) .

PTAER  RLP-C AE 2 3l ik Ak 18 B A= M 35
Y, 1A R IAR AR 5 Y L FESh Bk AT
AP L 0% (atherosclerotic cardiovascular disease,
ASCVD) AR ZfEf &, LDLC B EZR W HEEZ
— U AR R ) 22 IS AL A3 A, RV R 2 e 7 A
1122591697 5 LDLC /KPR 21697 H iR (H S
AFTERE S, ASCVD 1 1o SR A KUK AT SR A7 AE 207

T IE 52 RLP-C #ijl] MACCE (¥ /E 5 LDLC J&
P o B — TS BAB 5T W], RLP-C 7K
ST T A0 A | 2O LA B B ki v
o B e AU AR SE &2 B PAD 41 RLP-C
KRR = FJC PAD 41, 1 LDLC 7K - 95 41 8] JC BH
WG, lid PAD WA £ RLP-C 5
PAD =5 F£ & B IEAH & (r=0.443, P<0.001 ),
HDLC /& PAD fR# & (r=-0.221,P=0.002) .

ZH % B3 2 M 878 RLP-C 5 T2DM % 4=
PAD M7 A5G e Ah, AF % 85 PR %% 5 2 | hs-CRP |
PHR \MHR 25057 SR 3 . 20E Al fig 2 i
PR B A AT T 35 3 Ik o A A Ak & A I K TR 1Y
faf N Rz —, JERIE , MHR 0] LS M 1) 9 0
PRAS, IEEL AT DURAE O 045745 993 38T 1 95 0 ) A
FT, PHR J&— T (14 5 A8 Al i BER S 45 59
PRFAIFLEAE B ™ R, AV AT ) 9 F8 bt
ST AIM5EED R ROC #iZk 441 RLP-C
JKSEFRI T2DM 4 3 PAD B9 AUC K7 0. 860, Il {4
43 0. 67 mmol/L, #2755 RLP-C>0. 67 mmol/L B B FR
W KA PAD XU T+

AT —E R BRPE . B 5%, X2 — TR
rhC [l PR R T TR 5, JC B 8 4% 5 RLP-C 2
A PR ROC R =k, DAY AT AR DI 2 SEPR RLP-C
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