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glucose tolerance test, OGTT) % R W & X A B 5 A IEF oo ¥ F- 43 Fo 2 5k B 45 fk 5% ( gestational diabetes mellitus,
GDM) F-da, A T F Bk RAF L RABED A BRI L (Ket-N 41) R ER/R a2 B 20 (Ket-M 28) A&
BRI PR b 20 (Ket-S 40) . Wed R R A2 B AR BR PR K P JE 5 e 45 5243 GDM 543 o — fix F At | do iR 4847 A B AR L
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Bl E, R EF a5 666 4 (86.38%),GDM Z4a 105 4] (13. 62%) . 4 EF s 84 Fda | Ket-N
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61.71%.31.23% 7. 06% , GDM %42 ¥ 4k & 41 Ket-N 20 Ket-M 28 Ket-S 28 & Wb 24 65. 71% .22. 86% . 11. 43%;
SEIR WA B-20 2 37. 14% 27. 62% 35.24% , 1 EF gL g B da b Ket-M 20742 Ket-S 2828 6T 9 w0 =22 = 69
K HEEZT Ket-N 4 (P<0.05) , Ket-S 2837 A ILE & o548 A F 5T Ket-N 22(P<0.05), GDM 8% Ket-S L4 AN
A LA B 09 & A F 3 T Ket-N Zi4= Ket-M 28 ( P<0.05) , a6 k4B % B % Logistic ©A M 4R T, 4
KA R RGBSR I #5458 (aspartate aminotransferase, ALT) 7t &% Z4a B IR R I& R % B AT B % (OR 1A
FA 11.912.1.025,P<0.05) , FERAFH A % T Logistic B2 5 M 25 R 27, 58 BERBE#%A L GDM &A%
AR By 8 97 2 B4 I E K R B R A B Te B & (OR A2 A1 4 1.042.2. 244 1.759.7. 729, P<0. 05) ; F#4 2 E 5
A b B4 ik I 5 KT BR k4 5 e Bl & (OR = 1. 048, P<0. 05) ; B A7 4K JR & 45 #L (body mass index, BMI) 48 & 5% ¥
#% % % GDM 4154 B 3.5 /K -F BA k09 . ie B % (OR 184 %) 4 1.249 12.557,P<0.05) , &5 Fdafeaik b 1k
#9345 B ILER Sk, B dnbE B da i ILER A3 e e Ik R A B R R R R, AR R AT AL E B e e
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[ Abstract] Objective To investigate the effects of urinary ketone level on perinatal complications in
pregnant women and fetuses in mid-and late pregnancy. Methods The clinical data of a total of 771
pregnant women who delivered in the Obstetrics Department of Tongji Hospital from January 2022 to
January 2023 were retrospectively analyzed. The pregnant women were divided into normoglycemic
group and gestational diabetes mellitus( GDM) group according to oral glucose tolerance test results.
The participants were further divided into three groups according to the urine ketone body test results;

urine ketone-negative group; —/+-—;

9

moderate urinary ketones group: +/++; severe urinary ketones
group: +++/++++. The differences in general characteristics, blood indices, and maternal-neonatal
clinical outcomes were compared among normoglycemic pregnant women and GDM pregnant women
with varying levels of urinary ketone bodies. Multivariate logistic was used to analyze the influencing
factors of pregnancy outcomes of mothers and infants, and the influencing factors of urine ketone levels
were analyzed by ordered multivariate logistic analysis. Results There were 666 ( 86. 38% ) pregnant
women with normal blood glucose and 105(13.62% ) with GDM in the study population. Among the
normoglycemic pregnant women, the proportions of the urine ketone-negative ( Ket-N) group, the
moderate urinary ketones(Ket-M) group and the severe urinary ketones( Ket-S) group was 53. 60% ,
36.04% and 10.36% respectively; and it was 31.43%, 33.33% and 35.24% in the pregnant women
with GDM, respectively. Among the normoglycemic pregnant women, the proportions of the Ket-S
group, the Ket-M group and the Ket-S group was 82.73% ,13.21% and 4. 05%, respectively, in the
second trimester of pregnancy; and it was 61. 71%, 31.23% and 7.06%, respectively, in the third
trimester. Among the pregnant women with GDM, the proportions of the Ket-N group, the Ket-M
group and the Ket-S group was 65.71%, 22.86% and 11.43%, respectively, in the second trimester
of pregnancy; and it was 37.14%, 27. 62% and 35. 24% respectively, in the third trimester. Among
the normoglycemic pregnant women, the incidences of pre-eclampsia and primary caesarean section in
the urine ketone positive group were both higher than those in the urine ketone negative group( both P<
0.05). The incidence of neonatal asphyxia in the Ket-S group was higher than that in the Ket-N group
(P<0.05). In the GDM group, the Ket-S group was transferred to the neonatal ward at a higher rate
than the Ket-N group and the Ket-M group ( P<0. 05). The results of multivariate Logistic regression
analysis of clinic outcomes in pregnant women showed that the initial birth and the elevating alanine
aminotransferase ( ALT) were risk factors for adverse clinic outcomes( OR=11.912,1. 025, both P<
0.05). The results of ordered multivariate Logistic regression analysis of urine ketone levels showed
that age, family history of diabetes, GDM, and insulin therapy during pregnancy were risk factors for
high levels of ketonuria in pregnant women(OR=1.042, 2.244  1.759, 7.729, all P<0.05). Age
was a risk factor for high levels of ketonuria in normoglycemic pregnant women ( OR = 1. 048, P<
0.05). Pre-pregnancy body mass index ( BMI) and family history of diabetes were risk factors for high
levels of ketonuria in pregnant women with GDM ( OR = 1. 249, 12. 557, both P < 0. 05).
Conclusion Pregnant women are prone to develop ketonuria in the second and third trimesters. The
presence of ketonuria in normoglycemic pregnant women increases the risk of preeclampsia, primary
cesarean delivery and neonatal asphyxia. GDM women with ketonuria in the second and third trimesters
have an increased risk of neonates being admitted to the neonatal ward. In conclusion, the presence of
different levels of ketonuria in the second and third trimesters of pregnancy may increase the risk of
adverse perinatal pregnancy outcomes for both pregnant women and fetuses.

[ Key words] gestational diabetes mellitus; adverse pregnancy outcomes; ketonuria; preeclampsia
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TFEW G ERIIIRER A K5 R AU 2 Bl U125 ) A BT A

UF Ui 391 0% PR 9 ( gestational diabetes mellitus,
GDM) UL g1 WL I T RAE Z — . L2 40 )
P YA | R A G SR AT B IR I
(B FI S S5 . GDM 2R 10 K Z A7 — & 1) B
ARS8 M R A D) R T
P A R M 1R 28 3k JF R 43 A ) AR 7 0, 2 A4
LTk £ TR ( ethyl acetoacetate, AcAc) 3-B-F£3L T
R Tig ( 3-hydroxybutyric acid, 3HB) AP, AcAc
1 3HB ALK RE 5 D JH A i 38 At 2H 2 DA T 2 P
i PR H g SR R A IR ) S A 4 e e A e =
FF, PR A v/ ] 25 W AR RO R B i TR
TR LA A TR A K ST 5 R A D R L
PIRE o BRI TE T Y 3HB KPS H 5
MR R E 2 AR B FTA ¢ R R AE ™
BRSPS R, B G T I FRAE () ™ E AR
e AN A B e T, BT, AT
30 3k AN [ AR A [ DR T A 7K SF- 22 4 1 i R
TE AR BR L RRE UG RES R i 25 5, IR 9% A 10 4
b WG DR B A AT X6 2 A R G DL B 39 9 R
PSR, o 5 35 B 300 22 00 G L 45 B0 ARt i R
e

1 #ERSHE

11— #H

EHL 2022 4 1 H—2023 4E 1 H F R R2E M
J& [R5 B Be i 7= B o3 W 1) 771 1 42 30 R F S 0T 42
PIAFRUE: (1) BEEM K (2) Wl oeRl e,
(3) HAGAEYR; (4) BEZERmAERE ., HE
BRARdE: (1) ARFEE W™K (2) SREISORA S
#.(3) ZIRWEUR; (4) SR, 15 T k=42 J;
(5) ZERiHEIRIG . F8ZERIMMIZI0 1 BY 2 RUaliRrikk
RUBEIRIE 5 (6) FFN BRI IR BT . o SO0 He IR e e
PR R R H i S AR EZ > 10 pmol/L,

ST R SR PRI 12 Wb MEAR A5 1 ot PR s 5 4 B
WF2E /N 4H 195 2> (International Association of Diabetes
and Pregnancy Study Groups, IADPSG) [T il i& b iff: .
AR 24~28 JAAT 75 g DO IR A 4 4 it B iR 0
(oral glucose tolerance test, OGTT) , 453 A3 JE IfiL
¥E=5. 1 mmol/L,5; OGTT 1 h Ifi##=10. 0 mmol/L,
5, OGTT 2 h I[fil4%=8. 5 mmol/L, RIiZ K GDM,

MBI G A vh | 0303 7% DR R R i 3R ) DK R
Wi R, 438 (1) Ket-N 4. JRERA-/+—;

(2) Ket-M 4: JREEA+/++;(3) Ket-S 2. IREAK

+4+4+/++++
1.2 F&
121 W RF R R R RE OB AR

Z R 5 i F8 80 ( body mass index, BMI) ; R4 52
R PRI 52 e I 52 A SRR DG I 24 5 ) AR s |
W E s 28 KR s GO S (s I B PR K
WS ) o BT BB HEAT ARAR G A (Il | B s R BT
i) IO W )y =0 s A R AR LAE bR (B
KBt Apgar Wo3 S ) |

1.2.2 Bll#Es AR (P K Cobas
U 601 ) 5 22 S T A4 | #8544 2 11 Bk - A
S PHE AN S P A 3K 2 B T £ Tk S TR R B, A
Rl B-2 A T W, SR 4 A 3h i A AR
(SYSMEX XN3000) i % 1 4 Jifd ( red blood cell,
RBC) . 4 4il ffl ( white blood cell, WBC) . Ifil 1. % 4
(hemoglobin, Hb) . >R f4x H g4 4k 73 #r X ( W 38
2 JEJRRE AUS800) I 5E 2 R B 5% 7 i (alanine
aminotransferase, ALT) . K & & R & & ¥ 7 i
(aspartate aminotransferase, AST) . Ifl. /K & % ( blood
urea nitrogen, BUN) LI ( creatinine, Cr) ., OGTT
RIS 0,60, 120 min % 4 B K-, A 2240 H
i = BE ( triglyceride, TG ). &% fH [& EE ( total
cholesterol, TC) K% i g & 1 IH [& % ( low-density
lipoprotein cholesterol, LDL-C) . /5 %% i ig 25 1 AH [#
fi¥ ( high density lipoprotein cholesterol, HDL-C )
K-

1.2.3 ZERBILEREMEEL FAARE
[ SRR PP | SR NS eV S U RN V) SR AN 1)
TR B R E P TR L, AN
3. (1) SeIbFE ONIEYR 20 J& J5 i Bk i
JE =140 mmHg (1 mmHg = 0. 133 Pa) 1 ( &) 47 7k
J£ =90 mmHg -4 FRE 1 =0. 3 g/24 h, s{ Rl L
FIR(+) o (2) FoKad s SCR I iR W 30 3 7K i <
300 mL, (3) F/KiG Yo MR TG Y M G g
BTG, FORERRMA R Mg ARARYGE
JET Y, FK B A, BERAR, (4) R
5E SCHPERETFIRET 24 h DL H B IR I [ 4R Rmk
FEHERR T FE =R I 4R TT 24 h 2Z P HBEAY G a2,
(5) F=E UONIRIE <37 Ji ., (6) PIr= e = X
M2 28 JEJE ARAT P A P AR AT RV E
FAR, (7) P E IR LA BRI FS 24 h
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PR i i B> 500 mL B E R I >
1 000 mL,

LA R ats. RILEE GILENEE
HILAE K ZR AR AR L E XL A LE
BUEABAEILRYER . (1) IRIILEWNEBE LN
5 LA BT DA DR 2 e e s A A S R AR A i 1Y
ZEAER . (2) MUK AZ IR SO G LR A
A ol RIS T AR DL AR 2 55 10 E . (3) fIK
AR AR TR LSRR AR AR BT RAIR T 2 500 g BHTAE
JLo (4) EERJLZHE A4 BT i 3k 2 sl i 4 000 g
Mg E L, (5) Bt LE B RS Apgar W4 <7 4
HER 8 LA (8 41) NIEH
1.3 %itzan

FRA St Mrfdi F SPSS 22. 0 #4744 £E
RIS AT B e R 25 (x2s) Ko, TR0 1Y 28
I r-test DA R 5 2250 Tk 3 5 AR IE S50 1
(A% 5 B 7 258 5 1) 7% 1t ] Mann-Whitney U
DL S Kruskal-Wallis #5595 , 77 22 53 # 5k 78 2% & 2Z [H]
FETE R W S BAE L, W T35 0 - 2 E L,
3287 A A 4 R R, IF R 5 K 5 s
Fisher ffi U] HE 5 1 R A 55 0 45 4 ( PR 44 B 1/ v
/) B A5 S R AR AR (InSeIE TR B A L= R
45 Z 1Al () H A 34 2L Bonferroni 4G 56 E 4T £
FEHK, RFA £ IC Logistic 287 JR B A 7K - 1Y
MR, P<0.05 NESEGIFENL,

2 &5 R

2.1 B Fda R B Ak B 0 R BR 0L

AFFAFE M AZIA3E 771 ], Hof GDM 2241
105 % 13. 62%) , 1E# IfiLUHE 22 15 666 i (86. 38%)
TER AR, Ket-N 474 390 £ (50. 58%) , Ket-M
HA 275 Bl (35. 67%) Fl Ket-S 44 106 i
(13.75%) . FEIEH M4 1T Ket-N 445 357 fi
(53.60%) , Ket-M 204 240 4] (36.04% ) Fl Ket-S
2H 69 1 (10. 36% ) ; /£ GDM 22 Ket-N 414 33
B(31.43%) ,Ket-M 414 35 #1(33.33%) ,Ket-S 4
37 1911 (35.24%) . XFILAE IE H 42 10 A1 GDM 42 1 4
YRS s 1A 0 B 4 175 0 A b A, 7 T I A 2
AR Fh 22 0 Ket-N 26 551 (82, 73% )  Ket-
M #H 88 f4il(13.21%) Ket-S #H 27 1] (4.05%) . 7EIE
LR 2 4F R e B A 22 10 P Ket-N 41 411 )
(61.71%) Ket-M £H 208 | (31.23%) DA } Ket-S £H
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47 51(7.06% ) , 1£ GDM ZHZ2 I (4 iR 41, Ket-
N £H 69 5] (65. 71% ) Ket-M 2H 24 1] (22.86% ) L4 F
Ket-S 21 12 {7l (11. 43%) ; 7£ GDM ZH 42 1A /) 4 iR i
R, Ket-N 41 39 ] (37. 14%) . Ket-M 41 29 i
(27.62%) LA} Ket-S 41 37 1] (35.24%) , WK 1,
RI7E 1E 3 8 22 19 A1 GDM 22 v | bifi 25 4 IR 1%
Ji& , IR BR I AR BE A 1 28 4 L il 3 £ |

90

80
70 |

[82.73

_ 60}
S 50 F
=40t
= 30
20 r
10 ¢
0
WO AEUReEI GEURTP ARbReI
E 3 IS GDMZ#1H
M Ket-N4H Ket-M4{ M Ket-S4H

E1 JREAZAFIRPH GHRRESERLSET
Fig.1 Statistics of urinary ketone levels in pregnant
women during mid- and late pregnancy across groups

2.2 AwmBda—f KAk

TE S NFE R, DR B AR A B O R R 49. 42%
(381/771) . FEZIAMFEAG 2, 0 A Ket-M
20 K Ket-S 4 0 -F B4 i3 3 K T Ket-N 44 ; Ket-S
ZH A Ket-M £l Ket-N 414 % B W 0988 IR IR 5 5
F(P<0.05), 764 YR A SCH sy, B B
Ket-S 21 42 10 () 4 W J0 4R o 34 K | 43 06 22 J8] 341G
FIREAARHPE Ket-N 4H, Ket-S 202241 GDM
R M4 RN ET 5K K SF (A2 R BMI, 22 i i
SOIEHE LU A5 R0 43 0% 7 BMIT 34 5 T Ket-N 2, BlE
DRI A B PR 72 B2 0 v, B R R A F
R (P<0.05) , TE MLV A AbTE A5 7 T, B NHE)
OGTT /KV-Fifi 25 bR I 4 BH P 2 38 198 fon v 38 o, 8,
A Ket-S 22 {H 1) HBG, TG, TC /K F & F
Ket-N £ ( P<0.05) ; Ket-S A1 22 iKYy Cr /KK T
Ket-N 41 ( P<0.05) , 54 HAbIEIR 27 G 12
B, WERL,

FEIE B I0OBE 22 10 v PR A BH P AR R
46.40% (309/666) , 1E4 1A FeA g s vhr | B R 4 BH
PR AR s R = T Ket-N 41 ( P<0.05) . 7F
I3 2B A a5 5 T, PRI A BAMEZH 22 13 1) Cr KPR
TFAYEL (P<0.05) ;Ket-M 2H ) TC TG .LDL-C 7K
FEIE T Ket-N 41 ( P<0.05) , #4 HAB IR bR 25 57
TG B L, WE 1,
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Tab.1 Comparison of general characteristics in pregnant women [xxs,n(%) ]
YN EH M2 GDM 221
A KetNZl  KetM4l  Ket-SZl KetN#4l  KetM#l  Ket-S 4l KetN#4l  KetM#l  Ket-S 4l
(n=390) (n=275) (n=106) (n=357) (n=240) (n=69) (n=33) (n=35) (n=37)
ZRIARA R
AW % 29.22+4.29 30.41+4.73% 30.64+5.06% <0.001 29.13+4.35 30.12+4.74* 30.23£5.08  0.02 29.88+3.83 32.40+4.20 31.41%+5.00 0.064
FMEZRSE 98(25.13)  84(30.55)  35(28.15)  0.151 93(25.98)  66(27.50)  20(28.99) 0.849 5(15.15) 18(51.43)* 15(40.54) " 0.006
WEPRIRZR R 8(2.05) 11(4.00)  10(9.43) ** 0.002 8(2.23) 10(4.17) 3(4.35)  0.349 0 1(2.86)  7(18.92) ** 0.005
Wi /mmHg  118.36+10. 58 120.0113.57 122, 88+13.08 *  0.002 118.22:10.48 119. 11+12. 88 122. 06+11. 12 0.035 120.33+11.86 126.20+16.48 124.41%16.19 0.265
EF5KTE/mmHg  75.1848.18  76.52+9.60 77.51+8.64% 0.024 75.17+7.99 75.78+9.48  77.10+7.92 0.203 75.39+10.09 81.57+9.04" 78.27+9.91 0.035
SEARAR RS L
TERUEL 1.06+1.21  1.22+1.35  1.09+1.28  0.259 1.18+1.29 1.60+1.36  1.05x1.10  0.53 1.05x1.20 1.17+1.34 1.12+1.38 0.162
BIRAE 240(61.54) 163(59.27)  69(65.09)  0.569 218(61.06) 146(60.83)  48(69.57) 0.379 22(66.67)  17(48.57)  21(56.76) 0.321
PRETESEH  33(8.46)  40(14.55) % 23(21.7) % <0.001 28(7.82)  29x12.08 9(13.04)  0.157 5(15.15)  11(31.43) 14(37.84)* 0.1
Z{Hi BMI/ . . . «
(kgom?) 21.0422.69 21.85+3.04% 22.65+4.11% <0.001 20.98+2.70 21.48+2.83 21.58+3.41 0.063 21.56%2.56 24.36+3.32" 24.63+4.58* 0.001
g+m
A¥5RT BML/ . . . .
(kgom™) 26.70+3.08 27.25+3.39% 27.68+3.79% 0.0l 26.67+3.08 26.96+93.28 26.91+3.35 0.546 26.91+3.12 29.21+3.55" 29.13+4.18* 0.016
g m
= - =N
ﬁ?ﬁg 14.68+4.38  14.06x4.42  12.92+5.01° 0.001 14.75+4.40 14.24x4.21  13.72+4.76 0.125 13.83%4.11 12.775.58 11.53x4.99 0.153
%
SMZRSE Y F 39.28+1.39  39.10+1.28 38.80+1.38** 0.004 39.28+1.38 39.17+1.30 38.92+1.49 0.095 39.05+1.66 38.58+1.04 38.57x1.13 0.224
GDM 33(8.46)  35(12.73)  37(34.91) ** <0.001 / / / / / / / /
R ZIRIT 0(0) 5(1.82) *  11(10.38) “* <0.001 / / / / 0 5(14.29) " 11(29.73) * 0.003
MRAEAF R
0 min OGTT/
(mmol-L™) 4.3740.35  4.44+0.52%  4.68+0.79*% <0.001 4.34+0.31  4.35:0.30  4.41x0.45 0.257 4.69+0.53 5.03x1.09 5.20+1.02 0.073
mmol ¢
60 min OGTT/ . "
(mmol-L™) 7.0421.67 7.37x1.64% 8.28+4. 18" <0.001 6.84+1.49  7.09+1.46  6.92+1.68 0.139 9.35x1.84 9.42+1.48 11.41x6.14 0.064
mmol
120 min OGTT/
(mmol-L™) 6.26+1.22  6.36x1.28  6.88+1.92*% <0.001 6.11x1.07 6.15£1.02  5.98+1.13 0.526 7.85+1.59  7.90+1.80  8.54+2.00 0.212
mmol -
ALT/(U-L™')  18.47+8.16 19.4316.72 17.95:9.99  0.467 18.25+8.03 17.93x9.39 17.24x10.97 0.644 20.38+9.60 29.70:+38.83 19.29:7.82 0.13
AST/(U-L7')  21.98+6.92 23.36x13.95 22.64+7.37 0.217 21.95+6.65 22.38+7.57 22.37+7.94 0.738 22.30+9.41 30.06+33.34 23.16+6.25 0.222
BUN/
(umol-L™) 3.49+0.97  3.470.98  3.44x1.03  0.871 3.45x1.02 3.38+1.01  3.27+1.17 0.329 3.55x0.90 3.78+1.18  3.57+1.01 0.595
mol «
Cr/(pmol-L7™')  45.06+7.81 43.8427.64 42.3718.28° 0.005 44.81+8.90 43.15+8.98" 40.86+10.79" 0.002 43.59+6.35 44.76+8.04 42.90+8.44 0.588
RBC(x10°)/
L) 4.02+¢0.38  4.05+0.38  4.11x0.48  0.103 4.02+0.38  4.04+0.38  4.0320.45 0.803 4.04+0.35 4.174#0.36  4.24+0.51 0.126
HGB/(g-L™") 121.26+11.83 122.61x10.96 125.02+11.98* 0.01 121.07+11.77 122.05+11.08 122.8312.8 0.41 123.00=12.56 126.46x9.40 129.11x9.10 0.053
TC/(mmol-L™") 4.6420.85 4.80+0.83"  4.82+0.97  0.037 4.63x0.83 4.81+0.84%  4.69+0.85 0.038 4.78+1.08 4.68+0.76 5.06+1.12 0.266
TG/ (mmol-L™') 1.37x0.47 1.55:0.65" 1.56+0.77% <0.001 1.35+0.46 1.51x0.63" 1.43x0.76 0.002 1.60+0.58 1.83:0.74 1.80£0.74 0.361
HDL-C/
(mmol-L™) 1.65£0.29  1.64x0.31 1.61£0.34  0.482 1.65+0.29  1.65:0.31  1.61x0.33 0.632 1.60£0.36  1.58+0.28  1.59+0.38 0.943
mmol +
LDL-C/ . . .
( L) 2.73£0.60  2.85+0.58 2.90£0.69°  0.007 2.72+0.59 2.86+0.58" 2.79£0.61 0.016 2.87+0.72  2.81%0.54 3.10:0.79 0.172
mmol -
i) LER
AT kg 3.30+0.45 3.345:0.44  3.26+0.49  0.189 3.30£0.44  3.34x0.42  3.25+0.49 0.276 3.24+0.54  3.39+0.59  3.28+0.49 0.498
HK/em 49.74+2.44  49.92+40.97  49.84+0.82  0.448 49.73+2.50 49.90+1.00  49.75+0.8 0.585 49.76x1.56 50.06+0.76 50.00+0.67 0.468
1 min Apgar
iy 8.86+0.69  8.87+0.65  8.69+1.09  0.075 8.85+0.72 8.84+0.68  8.64+x1.24 0.099 8.97+0.17 9.06+0.34 8.78+0.75 0.062
5 min Apgar
W 9.17+0.49  9.25+0.47  9.26+0.62  0.085 9.17+0.49  9.24x0.48  9.29+0.67 0.093 9.21+0.42  9.31+0.47  9.22+0.53 0.602

5 Ket-N ZHAH L, *P<0.05; 5 Ket-M 4 AH 1L, * P<0. 05
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£ GDM 22 I v, PR i AR BH M 8 9 & R
68.57%(72/105) , TEZEABEAp S v, PR 1 44 FH
PR A5 DR TR A ) 1) 22 30 A B S %) o O e L b
PRIGF IS (P<0.05) . Hrp  7F Ket-N 41 Ket-M
20 Ket-S 41 H 30 i i He 0% 50 58 5 0 91 5503 ) Ry
541(15.15%) 18 1](51.43%) .15 1] (40. 54%) ,
H. Ket-M 22 {H 1 &7 5K £ 5 T Ket-N 41( P<0.05)
7F Ket-N 41 Ket-M 2H  Ket-S 2H 3005 IR 9w 5 it
BB B oo il 1 il (2. 86%) T il
(18.92%) . TELEURAR I s rfr | PR A BHAE 22 43
F14) 24 R i B IE Bk 4818 A2 T BMIL, 43 0 i BMIT Al

1B 5 AT RO = IR B AR B M A 0, & A
M A A8 br MG JLF8 A5 7 i 22 R RS iH % &
SR T
2.3 RWMFEAaNs KRB S

1E i N BE P Ket-S 41 56 JK F i 0 & A R
(4.72% ) A1l Ket-M 21 56 I8 19K 19 & A %5 (4. 36%)
E T Ket-N 44(0. 77% , P<0. 05) ; Ket-S ZH471 7 I
BRI K FR (46, 23%) TR T Ket-M 4 (32. 73%,
P<0.05) i Ket-N 21 (31.79% ,P<0.05) ., i 7K
154 BRI R L R AR R U
2R TG E L, W& 2,

F2 ZASMIGEKRERHLR

Tab.2 Comparison of various clinical outcomes in pregnant women [(n(%) ]
SNHE AEH AR A GDM 2]

HH Ket-N4H  Ket-M 4 Ket-S 4 Ket-N#4{ Ket-M#l Ket-S 4 Ket-N 4] Ket-M 4 Ket-S 4

(n=390)  (n=275) (n=106) (n=357) (n=240) (n=69) (n=33) (n=35) (n=37)
SeIETR 3(0.77)  12(4.36)F 5(4.72)F  0.005 2(0.56)  7(2.92)*  3(4.25)* 0.026 1(3.03) 5(14.29) 2(5.41) 0.178
Fokat 25(6.41)  14(5.09) 8(7.55) 0.624 23(6.42) 13(5.42)  6(8.70) 0.607 2(6.06) 1(2.86) 2(5.41) 0.804
K5 Y 36(9.23)  28(10.18)  7(6.60)  0.557 34(9.50) 27(11.25) 7(10.14) 0.792 2(6.06) 1(2.86)  0(0)  0.315
JIEHSE L 61(15.64)  31(11.27)  15(14.15) 0.275 59(16.48) 26(10.83) 10(14.49) 0.176 3(9.09) 5(14.29) 5(13.51) 0.783
Fp= 20(5.13)  18(6.55)  9(8.49)  0.407 19(5.31) 15(6.25)  5(7.25) 0.695 2(6.06) 3(8.57) 4(10.81) 0.778
WFEHIETS 124(31.79 ) 90(32.73)  9(46.23) * 0.018 109(30.53) 80(33.33) 35(50.72) ** 0.005 15(45.45) 10(28.57) 14(37.84) 0.352

e L 9(2.31) 2(0.73) 2(1.89)  0.292 9(2.51) 2(0.83%) 2(2.90) 0.287 0(0) 0(0) 0(0) /

5 Ket-N #AHL, *P<0.05;5 Ket-M 4 AH L, *P<0. 05

FEIEH B 2240 | Ket-S ZH5EI6 T4 & 4E
(4.25%) F1 Ket-M 4158 IKF9 1) & A5 (2. 92%)
BT Ket-N 44 (0. 56% , P<0. 05) ; Ket-S 4 1 9] 7~
e PR & AR (50, 72% ) T T Ket-M #H(33.33%, P<
0.05) il Ket-N £1(30. 52%,P<0.05) . T F-7Ki54%.

ISR L e ALY e A SRR A L 2 ) 25 5
Wgiita i L, Wk 2, 75 GDM 22 id ek +
iR RS g BB L R R
A R AR = AR A gt 22 57, Wk 2,
2.4 BRIV R 4B ix

FESNBERG LI IG R 25 )5, Ket-S 416 LE
WEIL R K ER(4.72%) =T Ket-N 4 (1. 28%),
P<0.05) & Ket-M 2H (1. 09% , P<0. 05) ; Ket-S £H 35t
HELEBIEER(T.55%) 5 T Ket-N 4 (2. 56%,
P<0.05) ;MM i JLEGTE G LA R SZ BRI s A 44
)L B RILFEE A A LR b 0 & R 22 7
TG L, W3 3,

FEIE Y IMOBE 22 5 IG L B G R 25 )=, Ket-S 41
A ILEB LR (8.70%) 1H T Ket-N 41(2.79% ,
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P<0.05) ; it JLITE i JLE WEE IR LERZ IR,
R AR L B RJLREE A8 A LENK b 19 &
R E GG AT, W3 3,

£ GDM 2 LI I R4S Jmi v, Ket-S 4154 A
A LB By & R (54, 06%) B T Ket-N 41
(30.30%,P<0.05) LA J Ket-M 41 (28. 57%, P<
0.05) ; i JLEHE LS WE B R)LAEKZ R AR
WA ERFRIL B RILAE A ILE B R RER
WG E L, Wk 3,
2.5 Fda—fHH S ik B R BRI R TR A A %
7 Logistic = )2

H1 R R 7K SF- 32 1) 2 F R 28 1 5% ), 0R
¥ 27T Logistic 1715 73477 45 41 22 10 & A5 R 7 53k
PHME & AE R fa b I &, 78 8 N BEH, 4F i (OR.
1.042,95%CI; 1.008~1.078) A IR 5 i 51 (OR .
2.244,95%CI: 1.029~3.065) .GDM(OR; 1.759,
95%CI; 1.0100~3. 065) Lk K {fi Fl J§i /% % (OR:
7.729,95%CI; 1.292~46. 226) J2 H B 755 7K - PR i 14
(G PR 28 5 TG AR B A S B 1  Cr 7K 2 B



%5 6

Ji 75

S5 WRYRIVI IR AR A K55 AN TR A 22 30 L= I 45 S O W5 40

HOFPRER ORI R 2 I3 4, FE1EH I0B% 1) 42 1
o AEHA (OR: 1.048,95%CI; 1.012~1.085) & IF# IfiL
WEZE A H B0 PR TR {4 538 BH M 1) f& Bz P & 17 Cr (OR .
0.964,95%CI ; 0.945~0. 984 ) /K -J2: 1F % B2 4 H

BLPRER AR BAVE R 4P R 3R . 7F GDM 224 v | 22 i
BMI(OR: 1.249,95%CI: 1.034~1.508) IR InZ %
$1(OR: 12.557,95%CI: 1.173~134.416) J& GDM 2~
1A UK AR BHPE R fE R P 2, W3 4,

K3 BILSHMIERERHLER

Tab.3 Comparison of various clinical outcomes in fetuses [n(%) ]
JSPN i 1EH ME 22 0 GDM 421
H Ket-N# KetM 4l Ket-S 4 Ket-N#  Ket-M#  Ket-S 41 KN4l KeeM#l Kees#l
(n=390) (n=275) (n=106) (n=357) (n=240) (n=69) (n=33) (n=35) (n=37)

fi ) LI 2(0.51) 0(0) 0(0) 0.376  0(0) 0(0) 0(0) / 0(0) 0(0) 0(0) /
JRILENEEE 5(1.28)  3(1.09) 5(4.72)** 0.033 5(1.40)  3(1.25)  3(4.35) 0.177 0(0) 0(0) 2(5.41)  0.154
JRILAE K AZ R 10(2.56)  7(2.55) 0(0) 0.25 8(2.23) 7(2.92) 0(0)  0.355 2(6.06) 0(0) 0(0) 0.108
AL 15(3.85)  7(2.55)  7(6.6) 0.174 12(3.35)  4(1.67)  4(5.80) 0.176 3(9.09) 3(8.57)  3(8.11)  0.989
ERIL 2(5.64) 17(6.18) 7(6.60) 0.917 19(5.31) 11(4.58)  3(4.35) 0.893 3(9.09) 6(17.14)  4(10.81) 0.564
BrEJLER 10(2.56) 11(4.00) 8(7.55)* 0.055 10(2.79) 11(4.58) 6(8.70)* 0.066  0(0) 0(0) 2(5.41) 0.1
B ABTE LN 98(25.13) 69(25.09) 37(34.91) 0.105 89(24.86) 59(24.58) 17(24.64) 1 10(30.30) 10(28.57) 20(54.05) ** 0.045

5 Ket-N 414 L, "P<0.05;5 Ket-M ZAH L, * P<0. 05

Fx 4 REAEKTEER % IT Logistic B35 7

Tab.4 Ordinal multivariate Logistic regression analysis of urinary ketone levels

. SN R R 4 TEH B2 45 B ) % GDM Z i bR i ¢
OR 95%CI P OR 95%CI P OR 95%CI P
AEE 1.042  1.008~1.078  0.017 1.048  1.012~1.085  0.009  1.021  0.933~1.117  0.655
SR URIA AR BRI 0.956  0.923~0.991  0.013  0.976  0.941~1.013  0.197 / / /
Wi e 1.007  0.989~1.024  0.443 / / / / / /
g3 0.998  0.975~1.021  0.857 / / / / / /
ZEHi BMI 1.038  0.982~1.097  0.188  1.049  0.992~1.110  0.09  1.249  1.034~1.508  0.021
OGTT
0 min 1.24  0.819~1.877  0.31 / / / / / /
60 min 1.103  0.999~1.217  0.053 / / / / / /
120 min 0.882  0.762~1.020  0.091 / / / / / /
Cr 0.962  0.943~0.981 <0.001 0.964  0.945~0.984  <0.001 / / /
HGB 1.01 0.997~1.023  0.149 / / / 1.035  0.996~1.076  0.076
TC 1.113  0.929~1.334  0.246  1.113  0.916~1.353  0.283 / / /
TG 1.225  0.933~1.608  0.143  1.217  0.906~1.634  0.193 / / /
ol ML R R S
2 / / / / / / 1.715  0.759~3.878  0.195
RTEY 3 d
2 2.244  1.029~4.895  0.042 / / / 12.557 1.173~134.416  0.036
GDM
2 1.759  1.010~3.065  0.046 / / / / / /
R =R
2 7.729  1.292~46.226  0.025 / / / 2.827  0.762~10.493  0.12
ZE i T AT e
b= / / / / / / 0.332  0.076~1.448  0.142
Ferpesr ARME

- 871 -



[E15F 22 4l (R 2 AR

546 %

ST R DEAC I S 8 2 4 AT R 0 kAR IR
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(W HTHI2 RS , A5 2411 1 AU RS AN 22 i
2 ROBEPRIR) L (R EBEIR IR B iR 1 e (2024 F)7) )
R, E KR GDM R E N 14.8% ), — T4
AT 19 MEEWTEHTSE 70 936 BIRF5E X 4 (1) Meta 43
Mriss, K E GDM BN 13.4% 7 KB
7% GDM IR R N 13. 62% , 5L F45RAY, 4
YR W PR 2L R A AE AR R v R 7 P A
PR S W R M LT IR 5 28 ARk
PEA A AR B 0 e, 0 28 PR I AR, 3 4
WRIVDBE PR ) O R Y iRz, B T4
V18 i) BT LR 201 ik 5 281K 1 o 7 2 0 it 0 1)
BTN 4 U8R g SO P AR S A 358 s - g s 14 5
M), 4% Wi B0 OBE AR R R 22 10 T 4 5 R
i 2 b I v s, AN 2 4R P A R
T R B A= A A R R ANR R R i, 53
IMLARAA T 5, S BRI AR R A

GDM K240 S e /Y n B B, T R Y
SRR B 40T RESZ 41, AN AR 43I f2 6% 1) 1 5
F RS R B = RN o R R R
L, L4 A o, 7 A e T L R PR A
AWFGE & B, 76 1EH MU b G U g 30 174 i bk 2B
R AT IR W R R T T 49 2. 22 %, T RE R
YL BT E, BE A AR UE AR LAY fE 2 450, 4 IR
WAL YA R 23 1 SR 0 T A R il
P IRIE 2 %) R o A T SR OR3GO A 23
AR IfUHE 5 | A %) R A A B T T A R e ) A
I g v TR PRAE B e T i Ik T B R R G AT
PR R R G S LR B 2 (]
PR R I, B T X AR A S Sk | X R R 5 1
TR0 B e R SCHER I, GDM 2 i
AUAEIA 5 -3k T RKSFIEAR T T REJR A Ny,
B 2 AR G I L OE i TR, T8 IR BE 4R
25 HATURIT A AE G I, 2 R R AT R 45 Ja) 1 AU A
[P R 3 i Npig e h = Vo 2 I = S E(ENRE L)
GDM ZE 1A 4 LA 0 8 v ot s e \ERJL
KT 16 08 587 25 L AN 9 Az L ARG 0B 19 AF X JRURS: 34
It WAL AT A E R S AR R s ] LA
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£ GDM YRR

ZE A S s LI R L R
B JLAR W B A= JLAR B A B A I 8 38 4 X
612020 R A 4R 2 BH 23 38 0 A LA A R &5
Jry, P RE A BT R AR T 3 Ik i ) R Rk i
P R AR AT BE X 2E G LS A BAY
SRR E IR MAEHE SR LCONERIE K
A7 A0 A5 224 B R ERRE AT 2 0 N i A Y
K UiRg i at ZHLELE R SEGGRAEEARE, B
S, i A AT FE LR AR N 5 | A L A% i i ) R
T, IRl IsP 75 S GRS 8 e pl ik, B0 7t R 4
JnFt 7= A K 36 P % (reactive oxygen species,
ROS) ! vk, il {4 7T #4005 NF-«B 5 53 e, i
— A5 IR SR AR R SO A P B AR 4GS AE R
PRACIE R b, PR ROS A= g ™" NO it Ji
THFE, T30 NO YA R R . NO W HI 55
T A EFIRDIEE" 2P 0 R 4 i PV AN AL
A, ERAL I R 0 3 S JE -9 A
BE LB . FE R BRI H & B, I Y )
FH 3 BT A 0 A e B R v s 3
T i i 57 B AR g B T R OK S R iR
JLBRZS St IR AR R R L K H i o 2K LR B 8T
T2, Kereliuk %50 % 30, B PR B 55 5 AR K
B VLIRSS 5 RE L R B 5 R R
FETRER & R AAOC SO T22 0 L R IR ) 47)
PRI BN BT 45T 78 5 B XU VA DL R A R
B, WG B 2 0N R YRSS ], TEAHT
SR M A0 BT 2 B L= 00 B R 4h
RSH ARG = AT E UK, KL=
PR A TR WA TP AR R 2 R R, KR
R 1% , Iow Ws R R Ytk S5 e i e Mt
JUERAEEDY PR UK (antenatal hydronephrosis,
AHN) J2& ™ 5 88 75 s 8 R il 2 1) 5%, B 80% 1)
AHN s 11k B, 2288005 091 7 Bt 7 99 ) AT 9
FeoE A R T2 8T R S 0L A o R B
GEwE I, HOA A I L H B AHN 2 6 LR TR M
01 8 T = e | S R . L 1 5 S O N O
AR, VAL 2 BiAG L B R Y S8 45 5 LR SR AT iR
WwE  RERKF IR R

ARSI, 22 00 PRI A BH P 25 38 i H o 3
IR W E T R ILE WA AR AR L= B
JAUSE , ELAFH 221 BMI, 22 30 0 5 £ 385 i b PR s
FEH A GDM S 2 Sk 2R . AT Sy o] oot 14 A
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