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ERFERMMR(LAEE B, .Bs.B, ANEFAIK) ;5 HCY KT 5 PONI &M &AL HDLC K-+ T % & Gensini #F %
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[ ABSTRACT] Aim A cross-sectional study was used to analyze the correlations between serum levels of B vitamins
(B,, B,, By, By, Bj,) and homocysteine (HCY) level in patients with coronary heart disease (CHD).  Furthermore,

the associations were explored between HCY level and paraoxonase 1 (PONI1) activity, high density lipoprotein cholesterol
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Methods
with CHD admitted to the Department of Cardiology at the Sixth Affiliated Hospital of Kunming Medical University ( Yuxi

(HDLC) level, as well as the severity of coronary artery lesions ( Gensini score ). A total of 390 patients

People’s Hospital ) from March 2022 to January 2024 were selected as study subjects.  Serum levels of B vitamins were
measured using high-performance liquid chromatography-tandem mass spectrometry ( HPLC-MS/MS) , serum HCY level
was determined by a circulating enzyme assay, PONI activity was assessed via the paraoxon substrate method, HDLC level
was measured enzymatically, and apolipoprotein Al ( ApoAl) level was detected by immunoturbidimetric assay.  Patients
were divided into three groups based on serum HCY levels: reference group (LHCY group, HCY<15.00 pmol/L, n=
45), moderately elevated group (MHCY group, 15.00 pwmol/L<HCY<30.00 pmol/L, n=271), and severely elevated
group (HHCY group, HCY =30. 00 pwmol/L, n=74). All patients underwent coronary angiography followed by calcula-
tion of the Gensini score. ~ Nonparametric tests, Spearman correlation analysis, and multiple linear regression analysis
were employed to examine the associations between various parameters. Results
HHCY group decreased by 23. 1% compared with the LHCY group and by 14. 6% compared with the MHCY group, while
vitamin B, levels decreased by 27. 9% compared with the LHCY group and by 22. 7% compared with the MHCY group
(all P<0.05).
groups (all P>0.05).
HDLC level decreased by 15.3% (both P<0.01); however, the Gensini scores of the HHCY group were elevated by
103. 6% compared with the LHCY group (P<0.001).
significantly negatively correlated with vitamin B,(r=-0.108, P=0.033), vitamin B,,(r=-0. 193, P<0.001), PONI
activity (r=-0.243, P<0.001), and HDLC (r=-0.490, P<0.001) , while it was significantly positively correlated with
the Gensini score (r=0.382, P<0.001).
and blood lipid levels,each 10 wmol/L increase in HCY was associated with a 4. 8% reduction in PONI activity (95% CI ;
-6.4% ~-3.2% , P<0.001) and a 0. 07 mmol/L decrease in HDLC (95% CI. —0. 10 ~-0. 04, P<0.001).

Serum vitamin B, levels of the

No statistically significant differences were observed in vitamin B,, By, or By levels among the three

PONT1 activity of the HHCY group was reduced by 12. 7% compared with the LHCY group, and

Spearman correlation analysis revealed that serum HCY level was

After adjusting for confounding factors such as age, gender, body mass index,

Con-
clusion Among CHD patients, only serum levels of vitamin B, and B,, were significantly negatively correlated with HCY,
whereas no significant associations were observed for vitamin B, , B; and B,.  Elevated HCY level was significantly associ-

ated with reduced PON1 activity, decreased HDLC level, and increased Gensini score, suggesting that hyperhomocysteine-

mia may contribute to the progression of coronary atherosclerosis by affecting the PON1-HDL antioxidant pathway.

[KEY WORDS ] coronary heart disease; vitamin B, ;
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T K i AR AL BUAIR 2% B g 25 ) (oxidized-low density
lipoprotein , ox-LDL ) Il il 0 IR 41 i IE 184, 42E 22 5 ik oA
BERE AL, 2R 45110 78S [F) AR 8 BE e 00
HHREBINTE B W44 £ 5 HCY /KPA77E A
Febk, aRFEREN LB 0 R I PONT i
PR ERRAL, 5 HCY /KPR A, #78 HCY 1]
AeiE T ] PONT 16 M 1155 HDL 4Ry 1E R, Ui
R S RS i — 2B IR SE M HCY/HDL (B 5
BRI 35 A O, #1878 HCY 5 HDL (40 B4R
FAAETEE 096 9 v B J B2 3 S, AR 9 40 ot
A3 390 e FRE A IR RS e , BB iR dE A
) A A I IFARTT LS HCY 7S5 5604k 3l ikt
TR Ak 7™ R 8 A S M, by gt U 1 975 7 e 18T
SR

1 #ERFAE

RIS
W 2022 4£3 A—2024 £ 1 AAERWER K
FEAMBER(EETARER) S AFER R
390 Pl AFENFHRMTE, FraBHHAFAE
(2B AR o0 Bk A N 97 48 B (2025)) ¥ BF A%
A B R ER D E D — XAk
E=250%, AARCKBAREFNEE R LME
(HL 5 .2023kmykd6f42) |, f7 H B 5 L F ol F
B,

M O & 70 IR R &% A
B QERA0~T5 B QRS E5HRALE K
FES, it O EFFHEL 2 WAR
AEBHB/ RNAEARAEEBESIFEY £
IR, S A B /NIRRT <30 mL/(min + 1.73 m*) ];
QEMME;QH & &k M&E® ;DU 3 A KNEH
BikEEZH AN ;OEREFTAHEL;©F
EREESREME R L ERAFEE; OF KRR
i % [ IR IR % & (thyroid-stimulating hormone ,
TSH)>10 IU/L = TSH<0. 1 IU/L) ]**),
1.2 SAEFE

WAECE B A AR L E 2T ZER) R
s K B AR, 4% i vE HCY KP4 B 0 = 4.
(1)% ¥ 20 (LHCY %4 ,n=45):HCY<15.00 wmol/L;
(2) ¥ FH5 4 (MHCY #,n=271):15.00 pmol/L<
HCY<30.00 wmol/L; (3) & & #+ & 4 (HHCY 41,
n=74):HCY =30.00 umol/L, % Z i ¥ ty &,
LHCY %41 HCY<15. 00 pwmol/L 7 E 1 % #t 38 & &

1.1

TEFRGEREE, AXKEL RN SEA, g &
BRAR HCY K-F Tyt £ R, A BHHEN
B B >R A WAk S R R I E it 9 TSH, U B =
IR R 2B (free triiodothyronine , FT3) EE Wk R
% (free thyroxine , FT4) W& & |, DL HE P B4R R o 68 7+
#E 4K M HCY A5,
1.3 MRS %
1.3.1 AARFH KEEFFEH I KEH
# (body mass index, BMI) [ it & A X . BMI = A &
(kg)/ & @ (m)*] MLE RIE & AKE & E RS
A AFEFHERE, BhELHSE(TER
o & B 96 46 7 (2024 S£BITHRO Y, N K 4 R =
140 mmHg Fn/ = 47 5k J£ =90 mmHg, = Bk 1+ ¥ # &
i B S KO R R 2 A bR S B E
SR 7 3648 ¥ (2024 1)), % B fL A% =7. 0 mmol/L,
A2 h iAE=11. 1 mmol/L =X BE 7% # ¥ 48 % % 9F
AT VAR B 97 5 1% 30 AR 4% BE #£ 3k B CT/MRI % & %
WY e RO R SR B R =100
RN KBS R RN E=l RS F
Db ) AR 5 0 e A AL AR A RO B
o RERE AL M B P T ATOR Y o A E AL &
TR AL B A LR BT,
1.3.2 SBEHAAaEN FHEFZAK24h K
K& Bt 8 mL, 7 B M 7E 80 C 1R f Ml
OB k4 & Z A M . K A & BB AR - 8 5K g %
N E mE % & % B, B, B, .B,.B, KF;DHCY #&
WL KA 4E PR B £ AR A AL E HCY A& F; @PONL
A I L R R A B R A I E o v PONT 3% | 2
B kU/LPO (@) i flg 46 4 « 2 ) B 3 0 o % L B %
+ d = B¢ \HDL fH [& B (HDL cholesterol, HDLC ) K %
JEFe & B RE T B KT 5 R A b R N HORR R
& Al (apolipoprotein Al ,ApoAl) A
1.3.3 R BrR L RAE HAAZEEEH
AN BE U 4 S il AR R B Bk 4 R, R Al Gensini
T 25N AR S oRE = ERE,
1.4 JREEH

AFRFHEE(RRERAFS AWEE R
BRI E R ST E IR E) Ak ERKHAT,
HRABF WL EETFRES, AL HIBEE
ReRXBEME, THEAEMBHENEZE R
SHE R,
1.5 Sit=ZEAH*

Xk SPSS 25.0 S #AT AT AT, IFE R
AT IE A M 45 3 ( Shapiro-Wilk 4 36 ) Fr 7 2 57 14
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A3 (Levene B30 ) . A & IEA 4 91T & ¥ A DL
xis RN HBAWBRABEAR T 20, FEX LS
AT E R AR AL (W) kR, 4 &
X F Kruskal-Wallis H %3, 12 %L A Hfn B
AUERTHABLERA X Bk, TERMEXER
il Spearman A8 X AT, X B A Gt F E X WA
XREEH-FTLTEEREIIN, AAREH
AR, P<0.05 4 257 AH Rt F &L,

2 & R

2.1 RMNKELIFME

390 5k 0o R T, B 257 1) (65.9% ) , Lotk
133 ] (34. 1% ) , V- FI4F- 1% (61.3+8.6) %, V-4 BMI
(24.843.2) kg/m’, GIFEIILHE 247 41(63.3% ) MR
I3 158 15 (40. 5% ) , BKAEBE 42 151 (10.8% ) , Fat g HL»
S 137 1] (35.1% ), A FaoE B0 48 186
(47.7% ) , 2L 67 4] (17.2% ), —41EE4E
% M BMI A IEAE I R 73 T A SEER IR 25 S 38 0
GiiteFE L(P>0.05) , HoA RAFH AT HE,
2.2 AR HCY 7KF4r4H HCY KFE

390 1] £ F 2 1L HCY 7K F 43 & LHCY 4,
MHCY ZHF1 HHCY 4, =4 #3#& HCY /KFEL H A
BHEM, ZFEASIH#E X (F=70.82,P<

0.001 ) ; ZH[A) 5 4 L4527 , MHCY 2 HCY K-F i
FE T LHCY 41, HHCY 4 HCY K F a8 Em T
LHCY 41 MHCY H , 2 %6 Gt 2 L (¥ P<
0.05,%1),

F1. Z4HEE HCY kKEH%H
Table 1. Distribution of HCY levels in the three groups

AL pmol/L
HCY 534l n xts F P
LHCY 4 45 12.00+2. 48
MHCY 41 271  22.054.15*  70.82  <0.001
HHCY 4 74 43.85+17.21"

H:ah P<0.05,5 LHCY 41 HL# ;b o P<0.05,5 MHCY 4
s,

2.3 A[E HCY KEHEME B rdfgERKFE

YR B R R ER 2, AR EOR,
HHCY 4144 % B, B, /KPR EMT LHCY 41/
MHCY 4 (¥ P<0.05), H 44 & B, K P&
LHCY ZH %A% 23. 1% % MHCY 4 [4A1% 14. 6% |, 4k
HE B, KT LHCY AR 27. 9% 38 MHCY 41
FEAIK 22. 7% ; =4 4EE K B, B B, K F-2ZE571Y
TGt E L (3 P>0.05) .

F2. ZHBEBREERKTFIER

Table 2. Comparison of B vitamin levels in the three groups

Sy B,/ (nmol/L) B,/(pg/L) B./(pg/L) B,/ (pg/L) B,,/ (pmol/L)

LHCY 41 5.68+1.24 3.62+0.87 2.050.42 0.080. 02 410.25+125.36
MHCY £ 5.12+1.18 3.45+0.92 1.92+0.38 0.07+0.03 382.64+118.45
HHCY 21 4.37+1.36" 3.28+1.05 1.78+0. 45 0.060. 04 295.81+132.78%

¥ :a A P<0.05,5 LHCY 4114 ;b P<0.05,5 MHCY 4104,

2.4 AR HCY 7KF434H PONI i& 1% HDLC #0 ApoAl
7KF

TEZS PRI 075 25 48 bn S A I I IEZS 404, R
H Kruskal-Wallis H K38 051740 0] Lb 8¢, 45 R WL 3
=HHEHF MIE PONT 15 \HDLC /K- 2% 5% A 4t it
RN (P<0.01), Z 5 L B /R, HHCY 41 PONI
TEPE R LHCY P 12.7% (Z=-3.125,P =
0.002) , HDLC 7K V% LHCY 4 [% 1K 15.3% ( Z =
-4.017,P<0.001) ; ApoAl 7K F =41 [u) 2% H L5 it
22 (P>0.05)

*® 3. ZHBEROERKTRAB LB
Table 3. Levels of core indicators and inter-group

comparison in the three groups

o PON1 ¥t/ HDLC/ ApoAl/
(kU/L) (mmol/L) (g/L)
LHCY 41 18.62 1.02 1.25
(15.23,22.14) (0.87,1.18)  (1.08,1.42)
17.25 0.93 1.18
MHCY 4 (13.87,20.64) (0.78,1.08)  (1.01,1.35)
HHCY 41 16.25 0.86 1.12
T (12.41,19.87)" (0.71,1.01)"  (0.95,1.29)
HAH 11.254 18.632 4.362
P1H 0.004 <0.001 0.113

¥ :a  P<0.05,5 LHCY 4 1L#,
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2.5 IMiE B RYEEZKTS HCY KFRIHEKES
Spearman FHC 3 BT 45 R KW | 1L HCY 7K F
5442 B, B, KFEBE AL (P<0.05,5% 4
FE 1), 544 % B, B, By /KF TG & M <1
(P>0.05,%4),
2.6 Ii& HCY 7k F5 PONI &1 .HDLC #0 ApoAl
KERIHE RS T
Spearman FHC 3 BT 45 R R W | 1L HCY 7K P
5 PONI1 % \HDLC 1 ApoAl 7K -2 52 i 3% 171 A

F(P<0.001,55 FIE 2)

F4. BREEEKFS HCY WX

Table 4. Correlation between B vitamins levels and HCY

%%%& B1 BZ B6 B9 B12
5 HCY 3

lﬁ\,c LiES -0.108 -0.034 -0.011 -0.005 -0.193
244

P 0.033  0.499 0.822 0.918 <0.001
FeA &= 390 390 390 390 390

ARt 0 . ° n=390" B
qe e ° o r=-0.108 50
30
— —~ 40
S 25 =
o o
£ 1S
= 20 =
¥ ¥
> >
g1 2 20
e o
10 oo oo
r=-0.193
N 108 o001 *T ., I
ly ° [ 1]
5 1 1 o 1 Py 1 1 1 | o@ 1 I_
1 2 3 4 5 6 7 8 9 50 75 100 125 150 175 200
1 % 4k 4 B, 7k F/(nmol/L) % 42EB,,7k F/(pmol/L)
B 1. mFEHEERB, B, kKTEE5 HCY KFHHEXEHAE
A YA By, 5 HCY /KAy Spearman ARSI ;B M 4E4 R B, 5 HCY /KF-HY Spearman A543 #T
Figure 1. Scatter plot of correlations between serum vitamin B, ,B,, levels and HCY level
A B = C
n=390 n=390, 2.0 n=390
201 _"0.043 3.0I r=—0.490, ‘ o o r=-0.248
P<0.001 F’<.0.001 1.8 ° e P<0.001
25F %o ofw [0 ° S A AL T
— - o’
=15 °
i X158
z
510 a
T10
L]
© 0.5
5 1 | | | 1 0.4 1 1 1
10 20 30 40 50 10 20 30 40 50 ’ 10 20 30 40 50
HCY 7K F/( u mol/L) HCY7KF/( u mol/L) HCY 7K F/( u mol/L)

B 2. i HCY K F 5 PON1 i&E 1% . HDLC #1 ApoAl 7K BI4H X 14 #l =
A A1 HCY K5 PONT 35 HERY Spearman AHC/34T 5 B S 1l HCY 7KF-5 HDLC 7K~F-HJ Spearman AHICS34T 5
C ML HCY K5 ApoAl /KK Spearman AW,
Figure 2. Scatter plot of correlations between serum HCY level and PON1 activity, HDLC level, ApoAl level

2.7 EEERMEE

PLHCY ZKF AR PRSI BMI s IE F s H o
=hE R R E A HE R AR B, gAE B,
KPR A A2 HE, PONL 7%  HDLC 7KK A 742 5 4
R R IEIR A N R E A5 R IR 6, I

HCY /K45 10 pmol/L, PONT JEPEFEE 4. 8%
(95% CI:~6.4% ~-3.2% ,P<0.001) ,HDLC 7K
A% 0.07 mmol/L (95% CI: —0.10 ~ —0.04, P<
0.001) ;4i2EEK B, /K F-HFtH 100 pmol/L,PONI i
PETHE 2.1% (95% CI:0.9% ~3.3% ,P=0.002) ,
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% 5. HCY 5 PON1 i& 1% HDLC #1 ApoAl 7k F %1%
Table 5. Correlations between HCY and PONI1 activity,
HDLC and ApoAl levels

ZH PONI HDLC ApoAl
5 HCY M REL -0.243  -0.490 -0.248
P <0.001  <0.001 <0.001
FEA 390 390 390

2.8 [MiE HCY KESERIFLTERENXR
—HHAE Gensini PE/4 A A WK, LHCY 41
Gensini 434 28(16,42) ,MHCY 4} 35(21,54) ,

HHCY 2404 57(38,79) , =410 2 A Giit 245 X
(H=32.647,P<0.001) ; HHCY 2 Gensini #-43%%¢
LHCY 1 F 5 103. 6% , Spearman #H &7 H7 5.7~ ,
HCY /K5 Gensini 743 2 5 % IE A C (r=0. 382,
P<0.001, W 3A), ik & TAE R 1E ( receiver
operating characteristic, ROC) f£kZ3#T1 .7~ , HCY 7K
ST ™ SRR B DK 22 ( Gensini P53 =40) 19
28 N 1A (area under the curve, AUC) Sk 0.785(95% CI .
0.738 ~0.832) , e fEBMWT{H 4 35.6 pmol/L, R
JE73.2% K E 76.8% (1K 3B) , #i8 HCY %} 5
AR DI ko B BE A ™ B A B HAT — s 1Y XA B

% 6. HCY.B k44 %5 PONI1 & . HDLC 7k E /I & L& BT 547
Table 6. Multiple linear regression analysis of PON1 activity and HDLC level on HCY and B vitamins

[R5 H AR (BRI ) EVEEY §t! FRAEIR SE 95% CI P
PON1 &Pk HCY (431 10 pmol/L) —-4.8% 0.8% -6.4% ~-3.2% <0.001
B, (B: 100 pmol/L) 2.1% 0.6% 0.9% ~3.3% 0.002
B, (£:3#A1 1 nmol/L) 1.3% 0.7% -0.1% ~2.7% 0.074
HDLC 7K HCY (£ 10 wmol/L) -0.07 0.02 -0.10 ~-0.04 <0.001
B,, (£:HE /1 100 pmol/L) 0.03 0.01 0.01 ~0.05 0. 005
B, (&40 1 nmol/L) 0.02 0.01 0.00 ~0.04 0. 052
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Figure 3. Correlation between serum HCY level and Gensini score and ROC curve analysis
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