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B OE.HE FiTHEIEE Y9 E(ApoE) e2.e3.ed S AR L g i BAKE E IS E 9 12 B 8 (sdLDL-C)
WA R, Fix HAAN2018F 12 AZ 2019 F 12 AR PO ETRAKE AR 1 446 4 (F 830 4,4 616 #)), ik
£ LR ABER BT R RAE M 45 4R, ApoE A B A R R 8% k& & PCR #4174, & i sdLDL-C K F % A id
Ay BT, R O1 446 BIAF R P 4k 6 A ApoE FAi K B A, P €3/e3 A 987 4] ,e2/e3
Fa e2/e2 F 189 45 o 16 4] ,e3/ed Fu ed/ed 3 209 #) Fo 18 4], f €2/ed K 27 ), 5 e3/e3 M b3k ,e2/e2 A Fo
€2/e3 A&y sdLDL-C K -F 2 F BAK(P<0.001) ,e4/ed B A2 3/e4d A 49 sdLDL-C K-FF FH (P<0.05) ,e2/ed &
sdLDL-C K F14& F €3/e3 B (P<C0.05), % LEME A 54 B 7.3 4 &4 5 & ik sdLDL-C /K 48 £ #9 36 47
)G .e2/e2.€2/e3 A B A fniEF sdLDL-C K P BEAk, ed/ed.e3/ed B B A £ 7F sdLDL-C K -F I F (P <0. 05),
£ ApoE A A M E fiF sdLDL-C K-PF T L# ik 2 Hrh A % ,e2/e2 o e2/e3 A B A 7T B f& o 7% sdLDL-C 7
F o e3/ed Ao ed/ed KR AN 2 F & iF sdLDL-C K F3e2 55 ed 2R &4 T F AN A A o iF sdLDL-C K
B,
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Association between apolipoprotein E genotype and serum small and dense
low-density lipoprotein cholesterol in the natural population”
LI Xiufeng sGAO Zheng ,LIU Yanhui - XU Xu,LIANG Guowei®
Department of Clinical Laboratory ,Aerospace Center Hospital ,Beijing 100049 ,China

Abstract: Objective To investigate the association between apolipoprotein E (ApoE) ¢2,e3,¢4 alleles and
serum small and dense low-density lipoprotein cholesterol (sdLDL-C). Methods A total of 1 446 cases (830
males and 616 females) from the physical examination population of the Aerospace Center Hospital from De-
cember 2018 to December 2019 were enrolled,and basic data and clinical test indicators of the above popula-
tion were collected. ApoE genotype was detected by fluorescence quantitative PCR,and serum sdLLDL-C level
was detected by peroxidase method. Results A total of 6 ApoE alleles were detected in 1 446 subjects, of
which €3/e3 were 987 cases,e2/e3 and €2/¢2 were 189 cases and 16 cases,and €3/e¢4 and e4/¢4 were 209 cases
and 18 cases,and €2/e4 was 27 cases. Compared with the €3/e3 group,the sdLDL-C levels of €2/e2 and €2/e3
were significantly decreased (P <C0. 001),the sdLDL-C levels of e¢4/e4 and €3/e4 were significantly increased
(P <C0.05) ,while the sdLLDL-C levels of the €2/e4 group was significantly lower than the €3/e3 group (P <<
0. 05). Using multiple linear regression analysis to control various indicators related to serum sdLDL-C levels,
the serum sdLLDL-C levels of €2/¢2 and €2/e3 genotypes were decreased, and the serum sdLLDL-C levels of
e4/e4 and €3/e4 genotypes were increased (P <C0. 05). Conclusion ApoE genotype is an independent influen-
cing factor of serum sdLLDL-C level. €2/¢2 and €2/e3 genotypes can significantly reduce serum sdLDL-C level,
while €3/¢4 and €4/e4 genotypes can significantly increase serum sdLDL-C level;the heterozygous mutation of
¢2 and ¢4 showed a significant decrease in serum sdLLDL-C levels.
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Mg 5 1 ECApoE) J& 3= B i IR [ g 48 44, /R 1%
% IR B 1 (LDL) sZ AR I B4k . 2 5 5 AR 1 h Az 1k
A5 1 L BE BCRE (CCMD FIAR AIG %% B2 I 25 11 (VLDL) 5%
L) Y55 53 R DL [ S ) 35 1] B A L A 4R AN R AL LR
TR P4 B S5 e 2 7 i S T ELAE Y . ApoE JE A L
M 2 NEAKETE R 2 A P (rs429358 F1 rs7412) 77 A4 3
AR 2537 FE A (e2 .63 il e4) F1 6 4 ApoE i [H 7
(e2/¢2.62/e3.€2/ed . e3/e3.e3/ed Fl ¢4/, HH
FE R €2 A T 45 170 w5 i 4 1 I A O L T ed
SV 5 PR 0] 55 v TR RS R B Jok s A AR b R BRT 2R R
VSR G o DRV, 388 I A 56 L L I 0N T 4 I 3 R
M IEFE B (sdLDL-C) B 1k 3 bk 58 #6 A 1k 357 (%) 7
SEAERE RS (AR sdLDL-C A4 i i B ML B
HIIFAE 2R, BT LDL & VLDL # {k i >k .
1M ApoE 7& VLDL & B J7 1 A 5 22 4E 1] . ApoE J [
B RIEA 5 W sdLDL-C 7K~ 48 4 H A7 1 25 A0 ¢
P H AIAH 5 SCRR B DLIRGE . A ST HE KRR AR IR AN
FEH T T ApoE N7 5 1l 3 sdLDL-C [ #H5¢H: ,
PIA A ApoE JEPH 25 & 17 sdLDL-C /K45 fk
38 AL 52 R 2R
1 &ZBE5RHE
11—k BFR x4 h 2018 4F 12 A & 2019
12 A TR oG BEBEAT R B AHE 1446 f, 13
AEWE (472110 %, 55 830 il 2 616 i, AR 41 4 £ 7]
& AL I0 = K DU 4R B HEBR AT R AR A 208 e
PG | IV R S8 SO b e S5 0 1 R . ARIER
T ALK R B B R A AR P B A A (TS
201900301-YN-14) , iFsx X 2 W& B HE R & 3. ik
ETERSOE I i NE= O = I N i S i S A
AR HR % (BMD
1.2 Jrik HhIERWFFE X R0 RS I8 # ki, LA 3 000
r/min B0 5 min f5BUMTE 2 mL,{# FH H 28 B AR E T
AU2700 4= [ gl A4k 43 B A S e £ 380500 T I 2 g
[N R B I B (ALT) K& & R 2 5L 7% i
(AST) B BB B (GGT) Bk M B e i (ALP) ],
B I RELJR R (UREA) JRER (UA) JILEF(CREA) . 1fiL
P& PO I3 [ = Bk H il (TG L S [ B (TC) | 55 %5 B g &
1B [ i CHDL-C) I % B2 A 28 (1 I [E B (LDL-C) ],
sdLDL-C J 75 I8 i 0 i Az, 4 h YA 58 ¥, ED-
TA s A 41 2 mL TR F 4 DNA $2 5, 25
Ja SR 41 DNA—80 CHRfr45H .
1.2.1 ApoE F:HAIKG I i I KR A LR (db
HOA PR B0 ML A0 L 4 LR I 4H DNA $2 Bt
A et i 4 DNA 25, Fr4t B DNA H %405
HeG BE I R K S K 4l B, B R DNA B WO
(Ao /Agy £ 1.8~2.0 nm, i HRINAZ KEST
BREE B3 A PR 2 7 9 A28 ApoE 3 RS T 3K 71 &
(PCR-ZECHREHEL) 72 22 B ABI 7500 SE B} 2¢O %

PCR ¢ I #F 47 & M. % L K & & W ApoE2
526C>T,ApoE4 388T>C Wi i 2 &k, iR
F) B e ARG H FR AT I8 3 1 ng B AS o BE E 56 AS T H %)
Do FHE PR RS A A 0 X R S PR RS 100 YR, R A HE X
FE R, HAG I 2550 Co AR RE(CVI<EN, 5
a2 24 TAE N X HIEL . #5244 TAE N Xt
FERRAC R 25 PR — 20, M & A b AR

1.2.2 ¥ sdLDL-C /K-FAz M R A i 54k ) i
B A H AR B E B AU 2700 4> [ 8h A4 Ak A B X L
TR e ) B A v b b b LS AR W
AARR A G AL, b RO A5 A KF R 2059
mmol/L(100. 0 mg/dL) A}, H A {HAE4LFE 0. 0 500~
0.2 500, XJ7E KA [F] 7K I3 b5 A 52 E bR AR
10 K, CV<C10 % o AXR 5 WA U o Jo 8 0 2 A 76 A 7
(IERENEEN I

1.3 SiiteFabsE SR SPSSI8. 0 883k 14 #E 47 %k
P AT o THECHORE DA B 5k B 43 R R OR L 4L A R
X KR A IESA MR R s £,
Z 8] B R T 2543 B s AR 1E 28 4 A 1 1 1= 98k
M (P ;s P o) 3o, A1) H R F B R R 36, L A4
G IER A R T ORI [ SR X B SE AT A LA
K £t PE A 43 87 ApoE e R U % 1 3 sdLDL-
CHIEm, I P<<0.05 HERAGIT ¥ X,

2 % R

2.1 ApoE SLHRIFISE FEH 4 AR MR 1 446 64
FX G ALK 6 Flt ApoE %5 i [ B, e2/e2. €2/
€3.e3/e3.e2/ed e3/ed ed/ed FERRIPT 5 Eb 4] 4 51
1.11% (16/1 446).13. 07% (189/1 446).68. 26%
(987/1 446>, 1. 87% (27/1 446), 14. 45% (209/
1446).1.24%(18/1 446), Hirp &3 ZEfi H M 5 H fx
Ko 82.02% (2 372/2 892) ,e2 Zfvi HE A L ed S5 3
b4 Bk 8. 58% (248/2 892) . 9. 41% (272/
2.892), €2 fof LA ed f7 AT AFE AL KL R 4 41 75 & Hardy-
Weinberg -4 (X =2. 584, P =0. 108 fIX*=3. 240,
P=0.072), BRFaA K H — e i BER B AT BER
fR‘ME,

2.2 ApoE R BEN 3 sdLDL-C 7K K Iifi JR 48 b
e M e2/e2.e2/e3.¢2/e4.e3/e3.e3/ed & ed/e4,
& R R 2 8] B I 3 sdLDL-C, TC 1 LDL-C 7K [
B EZERVASITEE L, HEFA RSP <0.001),
HARK TSR 22 T W oG 2# 8 L (P >>0.05) 5 3
ali 2 N A RAAE 3/e3 RN LT ,e2/2 U €2/€3
R MM 75 sdLDL-C. TC Hl LDL-C 7k FR& Ik (P <
0.001) ; Baali ed 7 )T 872 5 €3/e3 FEFA A L5, ed/ed
5 e3/ed BRI TG sdLDL-C, TC #1 LDL-C 7K F- 7}
R (P<C0.05),e3/e4 By 1M 7E TC A1 LDL-C /KFE 5
e3/e3 ME, Z R TG B L (P>>0.05); X T €2
7 BT ed A g A 2 A A8 Y e2/ed AU, M VE
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sdLLDL-C,TC I LDL-C /K Al F €3/e3 #I (P <C0. 05),

W1,

x1 % sdLDL-C 7k F R G R IE R EE AR E ApoE ERE B M LE B [n (%)/x£s/M (P, ,Py;)]
€2/e2 €2/€3 €2/e4 €3/e3 e3/ed ed/ed
TiH F/x*/z P
(n=16) (n=189) (n=27) (n=987) (n=209) (n=18)

B 12(75.0) 106(56. 1) 14(51. 9) 573(58. 1) 116(55. 5) 9(50. 0) 0. 676 0. 642
) 44, 38+14.13 48.79+11.13 46, 7849, 50 47, 37410.98 47.01411. 35 46,5619, 08 0. 927 0. 462
BMI(kg/m”) 24, 4843.50 24, 2843.56 23.3842.35 24, 23743.42 24, 2443, 65 23,5042, 46 0. 449 0. 814
sdL.DL-C(mmol/ L) 0.37€0.29,0.56)  0.73(0.46,1.00)  0.71¢0.54,1.15)  0.91(0.67,1.26)  1.000.76,1.30)  1.00(0. 85,1.49) 88.993  <C0.001
TG(mmol/ L) 1.62(1.11,2.07)  1.28(0.87,2.00)  1.600.74,1.87)  1.26(0.88,1.82)  1.27(0.91,2.18)  1.28(1.00,1.55) 1. 389 0. 226
TC(mmol/ L) 4.204+0,98" " 4.6740.88" " 4.631+1.01" 5.0540. 89 5.16+0. 98 5.51+£1.06" 11.248  <<0.001
HDL-C(mmol/ L) 0.8740. 25 0. 9440, 22 0.90=+0.17 0.9340. 21 0.9140.23 0.954+0. 16 0. 704 0. 621
LDL-C(mmol/L) 1.57+0.61" " 2.3140.66" 2.3640.71" 2.7640.68 2.8240.71 3.1740.78" 26,841  <<0.001
23 & 1A (mmol / L) 5.1740. 61 5.60+1.18 5.45+1.17 5.63+1. 44 5.52+1.28 5.43+1.05 0. 688 0. 632
UREA(mmol/L) 4.80+1. 14 4.954+1. 28 4.76+1.25 4.79+1.20 4.72+1.16 4.1341.02 1.537 0.175
UA(pmol/L) 374.41+122.72  342.38+85.73 335.58+79. 16 350. 07+83. 54 348.27+87.88  320.17461.59 0. 941 0. 453
CREA(pmol/ 1) 76. 30+ 14. 66 74. 80415, 29 73.74414.52 75.77114. 86 75.61414. 04 72.97417.23 0. 300 0.913
ALTAU/L) 19.2(11.3,26.0)  20.4(14.7,31.7)  18.4(13.3,25.4)  20.2(14.9,28.7)  20.3(13.5,27.6)  20.1(14.4,37.4) 0. 558 0.733
AST(IU/L) 19.1(16.3,23.2)  20.5(18.3,23. 1)  22.5(19.0,25.6) 21.0(17.8,24.8)  19.7(17.0,24.6)  21.1(17.2,24.8) 4,323 0.504
GGTAU/L) 23.0(17.0,24.9)  20.0(14.0,32.6)  19.0(13.3,25.0)  20.0(14.8,30.0)  19.4(14.1,27.0)  24.0(13. 3,43.0) 0. 658 0. 655
ALPAU/L) 63.92416. 05 65.98417. 25 60. 264-13. 49 67.45419. 04 64, 814-17.53 64, 95416. 87 1.132 0. 342

W5 e3/e3 %, " P<<0.05," " P<<0.001,

2.3 ApoE FEHAEIX ML sdLDL-C K FMsZm il
& ApoE J:PH 7 5 i % sdLDL-C 7K 5 iy %) 1 56 2 . 4%
ApoE FE[H €2/¢2.62/e3.¢2/e4 . e3/e3.e3/ed .ed/ed T
MR RAE 1.2.3.4.5.6 A6 EEPERS InfE o A A8 4, R
FHZug b 343 M B 1 B 2 RS 3 AR 4
FRERY 5 AR IR 53530 Ay T AT fuf A5 5 2 i 5 445 ) 4F 8 vk
)5 s ) A 0 LR S O BMIT, 28 I W 5 48 o A % R
BMI, 25 J [fiL 4 . TC, TG, HDL-C, LDL-C; £ ] 4F % .
PERI . BMI, 25 i 1fi ¥% . TC, TG, HDL-C, LDL-C, U-
REA,UA,CREA,ALT,AST.GGT,ALP, 4r#r i
7~ ApoE Z KX 13 sdLDL-C 7K 4 5% i 3 A 4
e L (P<<0.001), L3 2,

HE— 2D EEXT €2 5. 8 €3/e3.e2/e3.e2/e2 RIK
UWRAA 1.2.3, 47 Zou etk a3 43 B, B AL 1, A Y
2 MR 3 REA A FIRLRY 5 K UK 43 5 R TCAT ] A% 45
il 5 2 ) A7 % 0P )5 45 AF % L M )L BMI 25 I8 i
5 a4 % L MR 0 BMIL, 55 8 ifin % . TCL TG HDL-
C.LDL-C; & Hil 47 # . ¥ 51 . BMI, 25 J§ 1l fk . TC. TG,
HDL-C, LDL-C, UREA, UA, CREA, ALT, AST,
GGT.ALP, 45 % /R, ApoE 1Y €2 {7 & X Ifil 1%
sdLDL-C /KBy 52 i A G it 5 & L (P <C0. 001) , i
4l €2 (2 (e2/e2 Fll €2/e3) BAZ B N BE I TE sdLDL-C
KA BEAR, W3R 3,

HE—2 X ed 7 5.8 €3/e3.e3/eded/ed BIK

WRRAA 1.2.3, AT Z2 J0 4Pk [R5 4 M . B 1 455 A1
2 IR 3 R 4 AR 5 K A B TCAT ] AR e
il 5 455 ) A 8 A0 PR 0 5 45 AR S L 2R i L BMILL 25 I
B 5 45 ) AF % PR 3 L BMIL, %5 g i % . TC. TG, HDL-
C.LDL-C; ¥l 4 % . 51 . BMI, 25 I8 1 # . TC. TG,
HDL-C, LDL-C, UREA, UA, CREA., ALT, AST,
GGT.ALP, %5 % W /R, ApoE (¥ e4 i &5 X IfiL i
sdLDL-C /K1 52 W A Ge 1124 3 L (P <C0. 05) , L4
ed P (ed/ed 5 e3/eD A ALY sdLDL-C /K

T WL 4

x2 ApoE EE B3 f15E sdL.DL-C 7k F B 80
HH R* B 95%CI P
1 0.073 0. 270 0.110~0. 160 <0. 001
LR 2 0.128 0.275 0.114~0.162 <0. 001
iR 3 0.214 0. 268 0.112~0. 160 <0. 001
LAY 4 0. 681 0.118 0.044~0.076 <0. 001
A 5 0.763 0.094 0.029~0. 061 <0. 001

* 3 ApoE By €2 T H 33 1 % sdLDL-C 7k F By &M

i H R*? B 95%CI P
1 0.070 —0.266 —0.350~—0.230  <C0.001
HiRL 2 0.137 —0.269  —0.352~—0.236  <C0.001
A 3 0.219 —0.259 —0.342~—0.228  <C0.001
iR 4 0.730 —0.104  —0.152~—0.078  <C0.001
1A 5 0.789 —0.099 —0.173~—0.065  <C0.001
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x4 ApoE B ¢4 iz i ¥t M i% sdLDL-C 7k B85 0h

i H R* B 95%CI P
AR 1 0.009 0.097 0.040~0. 149 0.001
LAY 2 0. 080 0.105 0.050~0.155  <C0.001
A3 0.179 0.109 0.056~0. 161 <20. 001
BT 4 0.651 0. 042 0.007~0.077 0.018
I 5 0.734 0.042 0.006~0.075 0.023
3 it ®

AW 5T 45 F Wow R R K A ApoE 1 6 Fh 3k [
Hh, 5 ¢3/e3 B B, 2/e2 T Ml €2/e3 T HY
SALDL-C 7K F& I, e4/ed N e3/e4 % () sdLDL-C
KF-Th s e2 5 ed el 28 A 2 5 A e2/e4 B Y
sdLLDL-C K AR T €3/e3 Y, £ o4 B IH 4 471 B
B & B 5 %E sdLDL-C 7K S 4 6 19 $5 4% )5
ApoE (f) €2 ed {7 g ¥t 1L # sdLDL-C 7K - i 5 il A5
Giitefm L (P<C0.05) .e2/e2.¢2/e3 T IfiL 3 sdLDL-C
IR FEA v ed /ed (€3 /¢4 ALIME sdLDL-C KT+ .

ApoE JE ARIME P FENRIBEA K> Z
— T CM.VLDL . [i) % & g & 11 (IDL) Fil & %
JERREE 11 (HDL) i Z R 42 2 IR & AR
W EE A RR . e2.e3 Al ed A 3 Fl ApoE 7
1R ELAT AN TR) 0 52 M 28 6 105 e o SR 52 i i A AR a5 5k
JE SRV NS K 22 5O E T g A
i, ApoE2 5 LDL Z k45 &3 A ApoE3 1y
1% ~2%,ffi CM F1 VLDL K H: 5% ki R 68 8% 1T I 15
B, 3% VLDL /K & Fhs Wi d F VLDL 5748
LDL 3 /b, S BT LDL A2 k%35 1 . 40 A 55 He
LDL 84, ffi 1 3% i LDL-C /K3 — 5 5. H R
M1, ApoE4 5 LDL 321k f1 /1 85, ffi CM fil VLDL
L3RR A | B N B E N NI | B
16 LDL 2Z & 3, /& ] LDL 43 fff AR 8yl 2, fe 288
LDL-C KT+ i, ARWF 5T 45 R B R, 4l 2 {7 s
(e2/e2 Fl €2/e3) A 1 N Bf 1L 3 sdLDL-C., TC H1
LDL-C /K- FEAK ; B4l ed {7 5 (ed/ed 5 e3/ed) T
AN BT sdLDL-C 7K 5. ed/ed BN TC
Fl LDL-C 7K -l T 15 5 €2 v 5 A ed A 5 A [R] 2 5 A8
S €2/ed A3 sdLDL-C,TC fI LDL-C /K FA% T
e3/e3 /1, 5 LRI WA B AE AL 2 — 20 I H. €2
5 LDL Z R4 A 15 WAILMAE I KT 4 5 LDL &%
RS A W6 TE & AR A T B S e2/4 AU I 75
sdLDL-C . TC Fil LDL-C 7K 3 f#) F& 1% .

3% sdLDL-C & LDL-C fy W % > —, & 1
sdLDL-C A= i B9 8 Y1 #L 1 B #1 3F A 58 & F 2.
LDL-C ®i ki 09 & i 9% & VLDL 4 i, VLDL-IDL-
LDL 28k v ) B 5 50 it . 4% F0 s 2 71 (CM, VLDL
LDL F1 HDL) [] ) g Jot 58 4 F1 2k i 5 71 28 46, LA KR
FRIHH S B 2 A3, i ApoE 7£ VLDL 3 B J7

T ZAE A L H ApoE &R 4E 5 2 5 5 1M1 {E sdLDL-C
KR AL AT B 3 A G M, B i AH DG SR fef L e 3E .
NIU 2D 5758 % 3, ApoE2 ABEIMLIE sdLLDL-C 7K 3
FEAR 5 AW oE 45 R — 0, (H R #E 4T ApoE JE A 7Y 5
135 sdLDL-C /K- it 57 A 6 P 43 7. SING 20
WFFEIN N, 235 16 %01 LDL-C {4 R fE 5 ApoE
RO EM N 2ZE R A X, KRGS 20k
PEIE 50 BT & 0, 45 6 45 Bl 5 1 % sdLDL-C 7K °F-
KW FE bR » ApoE Y €2, ed A7 5 X I3 sdLDL-C 7k
SR A Gt X (P <<0.05) ,e2/e2.e2/e3 AU IM
H sdLDL-C K FEAK . e4/e4 . e3/ed B IME sdLDL-C
KT 5 BB ApoE &K i 7 sdLDL-C /K F-748 4k
ML s m R Z—.

25 L RTR , ApoE 3 [ £ 25 7 5 1l B A 15 %% 1) 41
KSR M sdLDL-C 7K 748 b iy b 57 st AL s R R
€2 A7 3L B AT R AR LT sdLDL-C 7K, i ed 25 {0 3t
PRI AT v i3 sdLDL-C 7K A B 5T Y Jay R P 2
R X G IE F B R AR, 5 2L & b — 25 0F 58 52 9
t ApoE JE R B 43 A5 R AE & FL 5 i i sdLDL-C % 4
P

S % ik
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AW 5 3 3ok A S BT A ST A AT R O i
Hefilh EO P2 55 AR HEMA JKF 00 28 3145 12
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