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TR FITAL " U H S EBOATRS (B E W) SN (e R R E)4 B 1078 4 5~7 ZLHE BT mis 8 Z W
(BMI Z ¥4 ) i 1 th 8 EE A (OVOB) 41 )L 87 44 , 4%t AR AT BMI Z P73 PE LR = IE 4L 3E 117 44 014 4 TifE
GO NEAR G I 25 (CRs) ARUE, 20 M ACHHE # /K 1E % (MHWH, 51 A) AR5 % 4 8 1F % (MUWH, 66 A) fRIE%
RUERE(MHO,31 ) AR 57 5 AR (MUO,56 A)4 41, lad [l 0a 4 s 0 & | I E Az (A i K2 KASP 3% 5 4 13
A A Hr B Z ARG S B L T i i SR 2 B Logistic MIAREITEAE 3 3L Z M8 5 L E M
AR K, R LA E Logistic [ /M745 5 B 7R, CDKALL 1535261542 24 578 % AA 5 OVOB . MHO
FMUO HY 5 A2 XU 2 52 IEAR S (OR {54331 3.63,11.04,4.88, P {14 <0.05) ; FAIM2 rs3205718 447248 TT 5 OVOB
KA SIEAI G (OR=4.44,P<0.05) , {H 50 R B SCIIC S 248 X (P {HY9>0.05) ; VGLIA rs2574704 44 5875 1 TT
FAAF MHO 11 MUO %A= XU ( OR {43514 0.30,0.24, P {E14<0.05) , FEE T EBHN T TR, rs35261542+r53205718 40
AHEH 1 AN 2 AN RS SE R B % OVOB % AR XU 14 ( OR B 435124 2.53,20.79) 37535261542+r52574704 414 MHO F1 MUO
5B H R E 18 1 ( OR B 435114 8.50,5.00) (P {fi1<0.05) o 518 1535261542 {7 5 AA %5 L3 A0 BE R & TR e 5
FHE 753205718 o5 TT AU JLEE AT L2 IEAE G, 152574704 5 TT B 5 AR B 52 ARG, H 2 285 Pk 6 s AU 56 81 U 119
B BAT BB,
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Association between polymorphisms in the glucose metabolism and lipid regulation genes with metabolic abnormalities in
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[Abstract] Objective To explore the association between CDKAL1 rs35261542, FAIM2 rs3205718, and VGLIA rs2574704 pol-
ymorphisms with childhood obesity and related metabolic phenotypes to provide evidence for personalized prevention and manage-
ment strategies. Methods Based on the 2023 Long-term Nutritional Health Effects of Early Childhood Nutrition Package Interven-
tion project, the study enrolled 1 078 children aged 5-7 years from four counties in Henan ( Songxian and Ruyang countries) and
Guizhou ( Guiding and Fuquan countries) provinces. Using BMI Z-scores, 87 overweight and obese( OVOB) children were selected
and matched by sex, age, and BMI Z-score with 117 normal-weight controls. Participants were further stratified into four metabolic
phenotype groups: metabolically healthy normal weight ( MHNW, n=51), metabolically unhealthy normal weight ( MUNW, n=
66), metabolically healthy obesity (MHO, n=31) and metabolically unhealthy obesity (MUO, n=56) based on four conventional
cardiometabolic risk factor (CR) criteria. Data were collected through questionnaires, anthropometric measurements, serum bio-
chemical tests, and KASP genotyping. The distribution of three genetic polymorphisms ( CDKAL1 rs35261542, FAIM?2 rs3205718,
VGLLA rs2574704) across metabolic subgroups was analyzed. Multivariate Logistic regression models assessed associations between
these polymorphisms and obesity/metabolic phenotypes. Results Multivariate Logistic regression analysis showed that Homozygous
mutant AA genotype of CDKAL1 rs35261542 was positively associated with OVOB( OR=3.63), MHO (OR=11.04), MUO (OR=
4.88) (P<0.05). Homozygous TT genotype of FAIM?2 rs3205718 increased OVOB risk (OR=4.44, P<0.05) but showed no associ-
ation with metabolic phenotypes ( P>0.05) . Homozygous mutant TT of VGLLA rs2574704 reduced the risks of MHO and MUO ( OR=
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0.30, 0.24, P<0.05). Cumulative genetic effects analysis demonstrated carriers of 1 or 2 risk genotypes of rs35261542 and
rs3205718 had progressively higher OVOB risk (OR=2.53, 20.79), and the combination of rs35261542 and rs2574704 increased
risks for both MHO ( OR=8.50) and MUO (OR=5.00) (P<0.05). Conclusions The AA genotype of rs35261542 ( CDKAL1) pos-
itively correlates with childhood obesity and metabolic abnormalities. The TT genotype of rs3205718 ( FAIM2) increases obesity risk

but not metabolic phenotypes. The TT genotype of rs2574704 ( VGLLA) shows protective effects against metabolic dysfunction. Risk

genotypes exhibit dose-dependent cumulative effects on obesity and metabolic outcomes.

[Keywords] Child; Obesity; Genes; Metabolic diseases; Regression analysis
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¥ ( cyclin-dependent kinase 5 regulatory subunit-associ-
ated protein 1-like 1,CDKAL1) ZEH A9 2805 5 H
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S Gt Fas T 43 F 2 JEH (fas apoptotic in-
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s<BMI Z<1 s MR IE &, ik il 87 44w H AL L

T 44 N 8 HE PE JL E (overweight and obesity,
OVOB) 21 ; I #4 P Ji1] | 4F % A1 BMI Z 353 (-0.25 ~
0.25) DTt i3 R T LIS 117 44, fir 46 W 1F & 1A )L 3
(normal weight, NOR) 4, I3} 204 ZF5exi4e, Horp
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AAE BB MU REAAN S A% (FLBE ML R L) DA B Sk
BRI RUIC G Y BIFFE X G GR350 F % (72,92 +
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FE & ) Py B = [E (triglycerides, TG) < 1.7
mmol/ L, 5 % B A5 & 1 AH & B ( high-density lipoprotein
cholesterol,HDL-C) =1.03 mmol/L #1425 I Ifil #¥ ( fast-
ing blood glucose, FBG) <5.6 mmol/L #7755 & H] & A1t
HE R R A A — AN 2 A AR i R AL, 4
WG G M — 20 43 R AR IE 8 44 3 1E 5 41 ( metaboli-
cally healthy and weight healthy, MHWH) 51 24 X5 5
W AK FIE % 41 ( metabolically unhealthy and weight
healthy, MUWH) 66 2 R i 1F % #4 i JjE 20 ( metaboli-
cally healthy and obesity, MHO) 31 44 FIX i 5 A4 A
Ji:4H ( metabolically unhealthy and obesity, MUO) 56 44,
JIURS K 53]t DR B A A A4 o I AR 2020
ZERY TG X (F/X* {85358 1.27,0.51,3.01,
1.00, P {6$7>0.05) , AT H il 1 H 5 T 45
il O R S R T A B 2R DA 23 WA (415 No. 2018
-017) A LB I N2 T AE R & 45 .
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ochemistry Co., Ltd, #1 [E L 50) £ 90 FBG ., Il g 4 T
[ TG, = JIH & B (total cholesterol, TC) , iK% A8 85 H
[ f5 ( low-density lipoprotein cholesterol , LDL—C ) Fl
HDL-C ], #% C ;1 % H (high-sensitivity C-reactive
protein, CRP - H) | AN H i ( alanine aminotrans-
ferase, ALT) . 7+ 5 % & Jif§ ( aspartate aminotransferase ,
AST) 5Bk % (adenosine diphosphate, ADP) 553 H
R FHC 2 32X 70 J5T 458 ot 7E 1 K P AR AP 3547 % N
IGige
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#E4T PCR 4715, FI FH KA FEFE ( Pherastar FSX) 51X
K2 AT 5 IR, ARHF5E CDKALL B 228 A7
R rs35261542 3 RN AERL CC 2837 CA Falif %
AR AA, FAIM2 FE R rs3205718 {37 g5, 43 7Y Sk iy A Y
CC. & & M CT M2l & KA R TT, VGLL4 JE A
rs2574704 {55 R EFAERL CC A2 CT RSG5 78
ATT,
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VAt 1 B 08 o 42 o AR AT ARG 6 R T A A )
H AR B4 it B (R R N A T e J5 B A I T4, 7EAE
ARG 3 T oy, BB 30 AR A X B A5 a2 AT 1 A
I, A R REAKI 25 RS AT 1 ORI, BT 42 o B
(B P S 36 2 A i 0, T S B A S (R R AR v 22
KPR 1 3 PR e 2251 2 4> 2 f e 22
X A5 B2 R Ml (4 DR A EERT A TR

1.4 % FE o4 R SAS 9.4 BTG A
AT, B AT BORER ] (x2s) 36, THECBORE
DIATEL A8 L/ R R . FF 6 IR0 A T i POk
BRI Ty 2250 Mr (b — 22 PIPT EL AT 1SD i)
RIS AEA ¢ K30 THECFORHY LU BCR T X K, il
FZ WK Logistic [1J# 5153 Hr £ 5& PR 55 A TRl
TERZEL 0 P SB35 PR AR At A oAy i e
AN Logistic [FIHBIRYEFT BRRLN T1HA, Kk
JKUE «=0.05,

2 #R

2.1 FFRATFIAARRAE

2,11 A REEFLRFRE N ARG AR E
¥I4(3.32+0.42) kg, Hif OVOB 41[ (3.43+0.41) kg]
T NOR 4[ (3.26+0.42) kg, ZRAHGEITH#E X
(1=3.05,P<0.01) ; MHWH ,MUWH ,MHO #1 MUO 41
AR 43 M (3.24+0.40) (3.26+0.43) (3.47 +
0.36) F1(3.41£0.43 ) ke, ZF A G #E L (F=3.23,
P=0.02) , \IEFEIEB KA, OVOB 4z it 7L
151 (75.9% ,66 4 ) & T NOR £ (88.9%,104 4 ) (X* =
6.10,P<0.05); <6 HHFLHE IR 5 L OVOB 4
(13.8%,12 %) & T NOR #1(9.4% ,11 %) , R AE 5
HEE L (X =14.42,P<0.01) . WA IF A 35 36 70 ok
F ,MUO 4B A Wzt BEFL R e 33.9% (19 #4) , i
T H A 3 4 (MHWH 41 9.8%,5 4 ; MUWH 4
12.1%,8 4 ; MHO 4 6.5%,2 4) ; MUO 41 =12 H £}
FURFRI ] 5 1 25.0% (14 44) AR T HAL 3 2H (MH-
WH 4 64.7% ,33 %4 ; MUWH 4 68.2% ,45 %44 ; MHO 2
67.7%,21 4 ) (X* {E5r 514 17.06,52.89, P {H ¥ <
0.01) .

2.1.2  MIEAAIEARIE S B ER 1 AT, NOR 41 A0
OVOB 4 ADP K2R G2 E X (1=1.58,P =
0.12) ; H ADP /K~F-#£ MHWH ,MUWH  MHO F1 MUO
HiF 2 RAG G X (F=2.97,P<0.05) , #F—H
Wi HLds , MHWH 4155 F MUWH MHO 1 MUO 4 ( P
{fi#4<0.05) ., ALT /K OVOB 4H & T NOR 4, % &
Bt X (1=3.12,P<0.01) ; H{E MHWH , WU-
WH MHO Hl MUO 4 M 25 A Git% 8 L (F=
4.07,P<0.05) , #E—L B L, MUO 418 T MHWH
I MUWH 40 (P {19<0.05) . CRP-H 7K3F OVOB 41
M NOR 41(1=2.90), HEE 4 A EZFAGIT¥E
M (F=3.88) (P {E¥1<0.01) ; i — Wi [, MHO
= MHWH Fl MUWH 4 ( P {E#<0.05) , OVOB 41
TG KV T NOR 4, R A G L (1=4.33,P<
0.01), HAES IR 10 4 40 2 Fh Gt X
(F=13.90,P<0.01) ; #—2 WM Hb &, MUO 41 T
MHWH MUWH F1 MHO 41 ( P {#<0.05) , OVOB #1
LDL-C /K ¥%E T NOR H, Z R A% #E X (1=
2.20,P=0.03) , HAEA IR LA 4 Rl =R A 5T
RN (F=2.96,P=0.03) ; #F— W L%, MHO 41
=T MUWH 4H( P<0.05) ., FBG /KF7F MHWH ,MU-
WH MHO 1 MUO 4] 2% 54 Geit 2= 8 X (F=3.62,
P=0.01) ,#F— L BH L, MUO & T MHO 4, MU-
WH 45 T MHWH 4H (P {£39<0.05) .
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Table 1 Comparison of biochemical indicators in children of different groups(x+s)
1 (oA I TCHO/i1 TG/ | HDL C{l LDL C{l FBG/ | ADP/il ALT/il AST{I CRP I‘{/l
(mmol + L™") (mmol + L") (mmol + L™") (mmol « L™") (mmol + L") (pg+mL™) (U-IL7") (U-L7") (mg-L7")
NOR MHWH 51 426+0.68  0.97+0.30  1.65+0.28  1.64+0.39  5.06+0.82  16.06+5.35 10.18+3.73 27.85+5.84  0.75+1.27
MUWH 66 4.22+0.80  1.10+0.47 1.51+0.57 1.51+£0.54  5.58+1.72  13.93£5.70  10.194£3.59  26.67+4.80  0.92+1.85
T 117 4.24:0.75  1.04:0.41 1.57+0.47  1.57+0.48  5.35:£1.42 14.86+5.63 10.19+3.63 27.19+5.29  0.84x1.62
0VOB MHO 31 4.43:0.47  1.04£0.34  1.62+0.27  1.80+0.37  4.99+0.99  12.46+£5.49 11.71+4.59 26.26+4.97  3.15+7.28
MUO 56 4.33+0.68 1.75+1.19 1.45+0.40  1.67£0.51  5.71+1.28  14.14+6.64 14.13£11.66 29.61+13.52 1.78+2.99
N 87 4.36+0.61 1.50+1.03 1.51+0.37 1.71£0.47  5.45+1.23  13.54+6.28 13.274£9.78 28.41x11.32 2.27+4.97
&t 204 4.29+0.69 1.24+0.77 1.54+0.43 1.63+0.48  5.39+1.34  14.30+5.94 11.514£7.11 27.72+8.42  1.45+3.53
FAH 0.71 13.90 2.53 2.96 3.62 2.97 4.07 1.60 3.88
Pl 0.55 <0.01 0.06 0.03 0.01 0.03 0.01 0.19 0.01

T FE R 4 AR A LA,
22 FREAKRESFRMPEARILEELR S S 55
MAFAE 1535261542 i S EFAE T CC 4 A Y CA Figl
G AA 7 OVOB 5 NOR 4144 1 tb 43 il &
29.9% ,46.0% ,24.1% 1 37.6% ,53.0% ,9.4% , % 7 H
Gt E L (X =8.27,P=0.02) ; £ MHWH .MUWH .
MHO F1 MUO 4 A p25 5 A Geit2 5 L (X = 14.92,
P=0.02) ,MHO/MHWH F1 MUO/MHWH i 4 [f] CC .
CA Fl AA FEPH B2 A 22 S ¥4 g it 2 X (X i 4)

Wk 7.82,6.12, P {5 1<0.05) . rs3205718 {3 ;AN AE
OVOB/NOR 4143 fi 2 A G it 8 L (X* =8.75,P=
0.01) ,BFA K CC 24 &8 CT A4l & 28 A8 R TT #4 A%
Fe a9 K 52.9%, 32.2%, 14.9% i1 58. 1%, 38.5%,
3.4% ;152574704 43 s BPAE R CC A A8 CT gl %8
AR TT ¥4 )8 L AE B AR 7 4 4 MHO/MHWH 41
I MUO/MHWH 414345 22 S ¥4 Ge 24 2 L (X i 5
WSk 13.19,7.33,6.57, P {E}<0.05) , WLF 2,

£2 AFAEAIHCIERAILE rs35261542 153205718 Hl 152574704 {75 5 A HEHE
Table 2 Distribution characteristics of rs35261542, rs3205718 and rs2574704 loci in different weights children

with metabolic heterogeneity

TRH TR ) NOR OVOB .
A I R 7 - 5 BT (n=204)

SRR MHWH(n=51) MUWH(n=66) /Mt (n=117) MHO(n=31) MUO(n=56) /Mt (n=87)

rs35261542 AA 4(7.8) 7(10.6) 11(9.4) 7(22.6) 14(25.0) 21(24.1) 32(15.7)
CA 23(45.1) 39(59.1) 62(53.0) 18(58.1) 22(39.3) 40(46.0) 102(50.0)
(o[0 24(47.1) 20(30.3) 44(37.6) 6(19.4) 20(35.7) 26(29.9) 70(34.3)

rs3205718 cC 33(64.7) 35(53.0) 68(58.1) 14(45.2) 32(57.1) 46(52.9) 114(55.9)
CT 16(31.4) 29(43.9) 45(38.5) 12(38.7) 16(28.6) 28(32.2) 73(35.8)
T 2(3.9) 2(3.0) 4(3.4) 5(16.1) 8(14.3) 13(14.9) 17(8.3)

s2574704 (o[0 9(17.6) 29(43.9) 38(32.5) 14(45.2) 20(35.7) 34(39.1) 72(35.3)
CT 36(70.6) 31(41.0) 67(57.3) 14(45.2) 26(46.4) 40(46.0) 107(52.5)
TT 6(11.8) 6(9.1) 12(10.3) 3(9.7) 10(17.9) 13(14.9) 25(12.3)

O WEE L %

2.3 A H %A M5 35261542, 153205718 A=
rs2574704 5 )L & e AR R AR % B & Logistic =
Ja st 45N, rs35261542 i Al AR AA
&M OVOB AR B AE R CC 1Y 3.63 £, 4l 2874
A AA & OVOB BRI MBI 41 & CA+CC 1Y
3.19 £ (P {H<0.05) . A IFRSIRARE , 5 MH-
WH A )LEAH I, 25 78R AA &4 MHO F1 MUO
B IRURS: 20 I B AR A CC By 11.04 1 4.88 £, Z4 A %8
RS CA KA MHO g KU 2B A= 7Y CC 1Y) 4.66 1, B
PERRIZH A AA+CA &4 MHO il XU 2 8742 1Y CC 1)
5.57 1%, Bl 28R AA KA MUO B JRURS: 2tk P A A
CA+CC 1 4.11 f5 (P {H34<0.05) ,

rs3205718 i s 45 548 B TT &A= OVOB XU
WA CC Y 4.44 15 4598 R TT &4 OVOB
B RUBG 2 B A i 5 A CC RN 28 AR 24 & 7 CT AL B 1
4.501% (P #4<0.05) ,

rs2574704 1 i BFAE T CC AR CT falif 2-78
AITT 7€ OVOB/NOR 41 | [a] 43 11 22 ¥ LG4 &
(P AE>0.05) ; WA IR R BIE A, 5 MHWH
A, 255878 B TT ¥4I MHO F1 MUO 1Y & A2 K
B, HA4A 8 CT Mgl G o848 8 TT 414 B EF A 7Y CC
MHO Fl MUO 1 & A KB A% (P fH 3 <0.05),
W33,

24 FERLELAR S ABRAEEZREE 2P OVOB
5 NOR JE [N Z B M7 15 rs3205718 5 535261542
B XU 25 JE AL 0, 1 A1 2 AN B9 A8 B L 20 5 A
67.8% (59 £4) ,25.3% (22 £44) ,6.9% (6 %4 ) F1 87.2%
(102 ) ,12.8% (15 44,0, HAEEAT ) XS 540 J6 K
RIERERZ2 OVOB A4 XU K, 5 R 485 75 IR 32 K] 74
AERF L, #EAH 1 ASF 2 AR ER OVOB 1 & A2 A
W I3 N [ OR {8543 %R 2.53(95% CI=1.22~5.26) ,
20.79(95%CI=15.32~32.68) ( P {fi#4<0.05) ], %} T
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rs2574704 5 1535261542 KL K Z &P 55, MUO ,MHO
FTMHWH XU J PR 7 2 S FE 1 A (94 8% b 43 51 R
7.2%(4 %) ,9.7% (3 %) ,2.0% (1 %) Fl 46.4% ( 26
4),48.4% (15 %) ,21.6% (11 4 ) ; 5 MHWH 4141
e, #5407 1 ASF 2 A KU SR MHO 19 & A2 XU 2 A

P XU B4 4.09 (OR = 4.09,95% CI=1.51 ~
11.12) #18.50 £% (OR = 8.50,95% CI = 1.36 ~93.77) ,
MUO 11 5 Az AU 2 A #5415 KU PR RL Y 3.55 (OR =
3.55,95%CI=1.50 ~8.40) 1 5.00 15 ( OR =5.00,95%
CI=1.63~56.74) (P {fi$<0.05) ,

K3 FHEEEMENLE 1535261542 153205718 F1 152574704 5 ERE L2 A AR B SEME 00T (n=204)

Table 3 Association analysis of gene polymorphism loci rs35261542, rs3205718 and rs2574704 with metabolic heterogeneity
in obese children(n=204)

o OVOB MHO MUO
B FL (R 7Y
OR {E (95%CI) P1{H OR {8 (95%CI) P1H OR{E (95%CI) P1H
535261542 AA 3.63(1.34~9.84) 0.01 11.04(2.07~58.91) 0.01 4.88(1.23~19.37) 0.02
CA 1.23(0.59~2.54) 0.58 4.66(1.35~16.16) 0.02 1.33(0.51~3.44) 0.56
cC 1.00 1.00 1.00
S AR AA 3.19(1.32~7.73) 0.01 4.01(0.98~16.40) 0.05 4.11(1.15~14.71) 0.03
CA+CC 1.00 1.00 1.00
58kt AA+CA 0.63(0.32~1.26) 0.19 5.57(1.68~18.53) 0.01 1.86(0.76~4.52) 0.17
cC 1.00 1.00 1.00
53205718 TT 4.44(1.23~16.06) 0.02 5.35(0.82~34.92) 0.08 3.44(0.59~20.11) 0.17
CcT 0.97(0.49~1.91) 0.92 1.92(0.67~5.49) 0.23 1.13(0.45~2.83) 0.80
cC 1.00 1.00 1.00
fetEAEl  CC+CT 1.00 1.00 1.00
TT 4.50(1.28~15.87) 0.02 4.14(0.67~25.61) 0.13 3.30(0.58~18.69) 0.18
52574704 cC 1.00 1.00 1.00
TC 0.71(0.24~2.10) 0.54 0.33(0.06~1.97) 0.22 0.47(0.11~2.06) 0.32
TT 0.57(0.29~1.15) 0.12 0.30(0.10~0.94) 0.04 0.24(0.09~0.67) 0.01
WHEER cC 1.00 1.00 1.00
TC+TT 1.69(0.86~3.32) 0.13 0.30(0.10~0.91) 0.03 0.27(0.10~0.73) 0.01
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BIRHOC, 1535261542 2l 5878 A AA fif OVOB XUFS 1
i 3.63 £, G5 S ( BA whE | P E ) AR R
Z'K#i&[lﬁilgi R

FEAEBE JLEE H , MHO Fi1 MUO F432 Wids i — ELAF
A", Nasreddine 25 B 7 2% A A8 BE kA~ 44 o
MHO FYHA TN 10% ~30% , AERE L # 445 AR
JHERAS AN ) < AR 5 8 e Ak 1 T B AL ) 40 45 E
T 38 1% R 35 A A5 R 4 SR 2 R AT B 7 L 40 43
Aii SAE B4y WA B B R AR BRI AR L
A SO < 28 WA G B 2 g 2 it T
REAE A ALK b A frkafh A7 B A3 0 1) ik ) AR
WFFE AR B A IR 26 8 43 2 40 A vf &% B, CDKALL
FEDAA LAY MHO A1 MUO 18 % A2 XU 43 B3R T 2=
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