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Effect of continuous positive urine ketone body on clinical outcomes of pregnant
women with gestational diabetes mellitus and newborn

ZHANG Yue, QU Lei, GU Qin, ZHU Yiging, MA Liying, SUN Wenguang
Shanghai Key Laboratory of Embryo Original Diseases, Department of Nutrition, The International Peace Maternity & Child Health
Hospital, Shanghai Jiao Tong University School of Medicine, Shanghai 200030, China

[Abstract] Objective-To explore the effect of continuous positive urine ketone body in pregnant women with gestational diabetes
mellitus (GDM) on the maternal and infant outcomes. Methods-A total of 168 GDM pregnant women who attended the Nutrition
Clinic of the International Peace Maternal & Child Health Hospital, Shanghai Jiao Tong University School of Medicine from
January 2021 to January 2022 and gave birth in the hospital were selected as the study subjects. According to the difference of urine
ketone body test results in prenatal examination, they were divided into ketone body-positive group (56 cases, the pregnant women
had ketone body test positive for three times or more after the diagnosis of GDM) and ketone body-negative group (112 cases, the
ketone body test was continuously negative after the diagnosis of GDM). The general information included clinical data and
laboratory indicators of pregnant women and clinical outcomes of pregnant women and their newborns were collected and
compared. Results:There were no statistically significant differences in clinical data and laboratory indicators of pregnant women
between the two groups, among which the body mass index before pregnancy, weight change before diagnosis of GDM, family
history of diabetes mellitus, history of GDM, total cholesterol and triacylglycerol levels in the early pregnancy, fasting blood glucose
and insulin levels in the middle pregnancy had no significant correlation with the production of urine ketone body. The results of
clinical outcome indicators of pregnant women showed that there were statistically significant differences in weight change (P=
0.000; RR=6.000, 95% CI 1.251-28.777) and rate of weight gain (P=0.000; RR=1.829, 95% CI 1.132—2.953) after diagnosis of
GDM between the two groups. The results of neonatal clinical outcome indicators showed that there was statistically significant
difference in the neonatal hospitalization rate (P=0.023; RR=2.167, 95% CI 1.059—4.434) between the two groups; among them,
there were 4 adverse events in the ketone body positive group and no such adverse events in the ketone body negative group.
Conclusion - The continuous positive urine ketone body of pregnant women with GDM may increase the risk of insufficient weight
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gain in pregnant women and neonatal hospitalization. It is recommended to timely detect and intervene in clinical practice.
[Key words] gestational diabetes mellitus (GDM); ketone body; neonatal outcome; pregnant women's outcome
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gt " WEURWIBEIRE (gestational diabetes mellitus,
GDM) JEAEURIIH WA I RAEZ —, B EIRIRIT
(medical nutrition therapy, MNT) J&H FEERIGTF
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B AT S L. A Y RBL, B KF
o AR BE B R L —E B SE R . PR, R N AR AR
PR E VNS S e x 7 POREY SV i sPIR a3 ik
M L SR, SR MNT SR LB, 1)
7 /0EB 5> GDM Z2 (AL MR il ik 5 Je ek th 3k =
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R 2L BA 1 i) GDM 22 401 bR i 44 ¢ 22 B 1 /) GDM
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1.1 WFZEATRITE . 2 Al B A A B 5T
HEHL2021 4F 1 H—20224F 1 H F LifF 28l Ko
2B B JE [ PR G R g B S 57 1 122 0T T AR
IR 1396 BTN G . ARRIE: D H$
o @4k 18~45% . @ 54 (UEIRGIFHE IR L
B (2014) ) AIZWbRHE ), RIF AT 0
IR S A 2 W A ) GDM: 2275 g H IR i %
Wi 4 i 56 (oral glucose tolerance test, OGTT) #%;
D, 2 RE IS . 1 h BRI 2 h s 2 W SHE AR
5.1 mmol/L., 10.0 mmol/L 18.5 mmol/L. 4 GDM
2Ja, B3 WAL E 77 e bR A A BH A 55 Ao bR i
FRSLIAE . HEBRbRHE: @O H7. @ BEIRAG (diabetes
mellitus, DM) A IR, B GDM IGYT i & b fifi
S ZE (insulin, INS). @ BAL. Wi . B

http://xuebao.shsmu.edu.cn

DIRES™ E AT S HUAR BRI RETCBEAE 5 . 2801, LAk
AT A ARHEBRAR E R 22 00 441 44

HRAEZRCHR 7 i, GDM ER AP 2R |
L5l RARLA N 18% (p,), BRBIEZ AR R4S
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(1) WRTER WUERZEEAMIGIR TR, 5221
(B ey . ZE T AR BT A Z2 T BMI, DM KR L
GDM i | #4112 GDM I RYRFTEE | 12 GDM Hif {4
P Ak, HHEAXTE : BMI (kg/m?) =1k i
(kg)/F & (m*), #7112 GDM mj f AR i #2451k (kg)
=fifii2 GDM B[R (kg) —Z#AiiRIE (kg).

(2) SEEFERMTEIR AR 12 h 5 X2 17 #R bk
il REMAFWEN THtr: O 2R,
&L B [ B (total cholesterol, TC) . = Bt H
(triacylglycerol, TAG) . =% FEARHE AR EE (high
density lipoprotein cholesterol, HDL-C) . i% i i &
HAH[E fE (low density lipoprotein cholesterol, LDL-
C) K¥. @ Z Wb, MiiaEf
(glycosylated hemoglobin, HbAlc) /KF . £ OGTT
Rl (4 AR K P . INS K- Hort, OGTT e INS £
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A total of 441 pregnant women who met the
inclusion and exclusion criteria were screened
from January 2021 to January 2022

A

57 pregnant women had ketone body
test positive for three times or more in
the prenatal examination

Y

384 pregnant women had
continuously negative ketone body
test in the prenatal examination

1:2 pairing screening by age, pro-gestational
BMI and number of deliveries

4’| Pairing screening failed in 1 case

4

56 cases in the ketone
body-positive group*

Y

112 cases in the ketone
body-negative group

Note: *: There are 40 people with continuous urine ketone body + or ++, 14 people with 1 time of urine ketone body +++ and 2 people with 2 times of urine

ketone body +++.
E1 HRXKHFHEnSEn AR
Fig 1 Basic process of screening and grouping of research objects
BRYH, AT O IRE 75 g Tk A A K
300 mL, Z3%1F 0. 1. 2 h Kl H2s i A (0 h
OGTT) . HEffifer 1 hifid# (1 h OGTT). BEfifr2 hifi
B (2h OGTT) 7K Ko HOXH g bisf (] £ % INS 7KF - (R
OhINS. 1hINS. 2hINS),
1.2.2  Z0A ROE A LG R ES R 8 whl g

(1) ZZIEIGRES gkt WA A B RES Ry ¢
B © e bR, AL B A (glycated
albumin, GA). TC. TAG. HDL-C. LDL-C /K-,
@ WEURES tEbn , AR E . DTIE S iR
@ R A A8 bR, IR EHA T . #1112 GDM
o B RS AL . fi12 GDM i o A R K R
HRAXAT . #1i2 GDM G B2 (kg) =
A3 W B AR R (kg) -5 12 GDM B ) K i i
(kg), #ii2 GDM J5 IR K% (kg/week) =
12 GDM J& iR it 84k (kg)/ (400228 (week)
-OGTT2#JH (week) |o

(2) A LIRSS JmBorE WA J LRI RES
JRBORE, AR AR TR IR LR AR BOR
i LR EBCRUA RF
1.2.3 MNTHESEN  RA U= 261
M (2022) [28—#F4r] ) B9 MNT J5t )t 4 #F 5%
GDM A A7 E 7S Y, Bk T © i
GDM 2 IALEAR R 220 4 H i B RE A . @ oK
A YBEARAMET 175 g/d, hiz bWty
AT 7 BB AL 50%~60% A . B H BT A ALY
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hn4s, RIEHMEIELEE Z T Y REA . & 474
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1.3 St riiik

K FH SPSS 23.0 #4785 43 B . R Shapiro-
Wilk 3206 5 BRI T IES AR R, fFEIESS
A 1 8 OB ks R, SR R BGIEAT HLER s A
FEIESHHERFEHM (0, 0,) Fm, RH
Mann-Whitney U 55 #E 47 L3, @SR H 2 (%)
FoR, R IEAT A, SR Poisson [AIJAAEAL |
KON RERORE L EMERERL AT FERS JE (relative
risk, RR) ¥EATIH8H . P<0.05 £/ 25 BA %112

p=Yas

2 ER

2.1 PR

W PR, X2 4220 0 i DR Bk A 0 %
I8 bR R AT LR, 45 R S T A 48 A e A 1R] Y 22
ST FEE X, MAEA M, K, 250
BMI. 112 GDM Hij i 14 it & 25 fk . DM % 5 |
GDM # | #5322 BT ER (K TC. TAG) . #4532
HFFEFR (0 h OGTT. 0 hINS) Z584 5 JR B4 4 i,
BUIMIOC, Ak 2% B2 A DG 48 b ont R TR A4 1) A 1 34
TCHEA
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Tab 1 Comparison of general information of pregnant women in the two groups

Item
Height/cm
Pro-gestational weight/kg
Pro-gestational BMI/(kg:cm™)

Weight change before diagnosis of GDM/kg

Family history of DM/n (%)
History of GDM/n (%)
Early pregnancy/(mmol-L™")
TC
TAG
HDL-C
LDL-C
Middle pregnancy
HbA1c/%
0 h OGTT/(mmol-L™")
1 h OGTT/(mmol-L™")
2 h OGTT/(mmol-L™)
0 h INS/(mU-L™)
1 h INS/(mU-L™)
2hINS/(mU-L™)

2.2 bV A S ey e R

160 (158, 163)
55 (51, 61)
21.5 (20.0, 23.4)
8.53+3.36
9 (16.1)
3(5.4)

4.45+0.75

1.34 (1.00, 1.63)

1.80 (1.54, 2.15)
2.49:0.60

5.29+0.26
4.810.52
9.97+1.32
8.3241.35
6.85 (4.90, 10.30)
56.55 (40.20, 73.70)
59.85 (42.93, 88.75)

W2 R, X 2 414240 Y R4S Jm BB BEA T

B, 4R YN, #i2 GDM 5 Bk i

h(ﬂ

0.000; RR=6.000, 95% CI 1.251~28.777) . #f§ &
GDM J& WA i 1 38 K 3 % (P=0.000; RR=1.829,

®2 2AZANIRKERLILER

Ketone body-positive group (n=56) Ketone body-negative group (n=112)  ’/t/U value P value
162 (159, 166) 3 690.500 0.061
57 (51, 61) 3208.000 0.808
21.1(19.6,23.2) 3 044.000 0.757
7.89+2.95 1.223 0.224
19 (17.0) 0.021 0.884
4(3.6) 0.019 0.891
4.46+0.70 0.048 0.962
1.32 (1.02, 1.71) 3203.000 0.822
1.84 (1.63,2.12) 3320.000 0.536
2.46+0.57 0.343 0.732
5.32+0.25 0.959 0.339
4.70+0.50 1.256 0.211
9.90+1.28 0.325 0.745
8.32+1.26 0.002 0.998
6.80 (4.83,9.50) 3 006.500 0.663
64.85 (48.05, 87.83) 3706.000 0.055
58.10 (40.80, 87.15) 3 128.500 0.980

95% CI1.132~2.953) TEARINZEREA G E X
BV A B 4 4 2 3 R A 2 mmme%ﬁiﬁﬁk
89 XU B AR S PR 2 Y 6 175, e AR R B i 3K 2 11
DRSS 2 P A S 1 2 79 1.829 %

Tab 2 Comparison of clinical outcomes of pregnant women in the two groups

Item

Late pregnancy
TC/(mmol-L™")
TAG/(mmol-L™)
HDL-C/(mmol-L™)
LDL-C/(mmol-L™")
GA/%

Pregnancy outcome
Week of delivery/week
Vaginal delivery/n (%)

Weight change after diagnosis of GDM/kg
Rate of weight gain after diagnosis of GDM

/(kg-week ™)

2.3 BB JLIG A &5 Dy b 5%
W3 P, X2 408 A LI R 45 )R
Pede, R, fEBERpE 25 B

6.13£1.07

3.53(2.75, 4.76)
1.88+0.38

3.21(2.55,3.93)
12.35+0.87

39 (38, 39)
33 (58.9)
2.7743.03

0.22+0.24

GORHEAT

VA

(P=0.023; RR=2.167, 95% CI 1.059~4.434), B4k

http://xuebao.shsmu.edu.cn

Ketone body-positive group (7=56)  Ketone body-negative group (n=112)  ,/t/U value P value

6.14+1.15 0.054 0.957
3.33(2.60, 4.20) 2 816.000 0.282
1.9240.38 0.573 0.494
3.35(2.71, 4.15) 3425.500 0.330
12.60+0.98 1.581 0.116
39 (38, 39) 2 862.000 0.335
66 (58.9) 0.000 1.000
4.39+2.18 3.977 0.000
0.35+0.32 3.720 0.000

PR LT A LA e AR, J2: B A B PE 4L A 2.167 5 O
B R ZER AR LA 2 90 A AR AR L 1 45
I 1B R A R, BB T A R
Fh.
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Tab 3 Comparison of clinical outcomes of infants in the two groups
Item Ketone body-positive group (n=56) Ketone body-negative group (n=112) i/t value P value
Newborn birth weight/g 3356.25+352.54 3 281.70+404.68 1.173 0.242
Low body weight infant/n (%) 1(1.8) 2 (1.8) 0.000 1.000
Macrosomia/n (%) 2 (3.6) 5(4.5) 0.000 1.000
Neonatal hospitalization/n (%) 13 (23.2) 12 (10.7) 4.605 0.023

3 itie

F9¢ ™ BAESE, MNT & GDM —£38 57 (197 ¥
Z—, RALBEWA S T GDM 22 1E (4 s K, {3
RS TR A R W HIR R RER KA, IREENS
#5 B GDM 22 1077 J5 i IBEYK &2, BEAIRR % 2 4 DM
MRS . eI IR TAEhRATE B, EIffXF GDM %42
EATMAR B MNT J5 , A2 A Do 1 A 107 ok 4
il R FR e Al [ Rkt 0 PR A B o AH OB 5T A
Sy, KA BRI B AR R T RS R IG LA E
WS, I GDM 2243 43 Wt I i e A% 5 LR
O e 7 A O 5 B O R T LA S 2o i 2 S UG LA W
HERL, AT AN EE GDM Z 30 5 R AP 0. HAl,
A SRR L R 7T 1 J i A B - R 1 PR 45 )R
SR EIRFSE R, D AR SORHZ R ] AT T G
I ST

AWrgE, WATKMATHIEHMNT 5, 241
GDM 22 A it il . I L B T8 43 6k 30 R 43 e 272 ] )
Z BTG EE S R BH 4 2 A 2
GDM Ji ) 4% J5 e 396 4 e 3 A TR AAR BR PR 4L A1, AT
I RAAT 0.22 kg/week, AT TR [ 1E 4 5 &=
P 2 JE A b G 0 A R T o K R [0.37(0.26~
0.48) kg/week] ", [iR4EH 5 SPANOU % " iy HfF
FEEER—B, HWFIOK A IO 7E GDMRYT P 1A T i
ARAE . BEFTINE . INS Bl SO . K45 fe g
SN AL B R R T 2 R AT, 455 A R 4
A IR 5 2 A A I e 1A I R ARG, BV 4K
Sl v LA T B I RN . AR TEAR ST 2 4
BE L AR T | AR LA R KR & LA &
AR 22 R G2 L, (AN 2 e 2
R AR BT G ™ SR R 5 S 3 WA KR 22 )L
P LRy &AL kAN, ARBFgTiE I A 2 4L
JLAE BRI R LB, BRI PH 48 A= LdAE
B % m TR, Hoaizdl kA8 A LA Be i XURS:
SRR 2.167 75 Horb, AR FE 20 A 2 6
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BE LA AR RE . 1B 1 B, i
BRI R B, Rk, Ao 5 HARRRSE "
WL —E, BRI bR B 22 PR 2 S o A2 LY
ANREJR, SEHSA AT RE R th T Ak 1A Sl ik
MBS 0 2B, e hig i GDM 2
T B MO R TR AR 2 S mas A JLROfERE . 2 B AE
iR AL S P EEA R, AL Sm R A
YRR A e A o wi UL i, MR A A
RN E SR B Is . BT RS APLIR S g
[ INf AN B PR BT S5 4 B TG T PR UE AL A 78 A2 A Rl
BARILR MR LI LR BT RE 2 ma s A= J LY e
BERGRE ", FEOH ALY B R
HRTAYBTFEE A, 72 LA R =5 A A Y 32 22
ek R EAF R ARTTR . GDM 2 i f
TSR VO SRITABE ST A A L3S R i L LB
SRMMHPERIAAR , DRI A T D ARGt =0 ) 2 A )
AE-S G L2 IR it 2 AN A OG5 TR LAY TR
i fi e SRR AR 280G U 3 i AR (A B BB 2 i
ok N AR AR R R KT, S il R
JLFEPRE O R BRI O, e
FEH AR AR L = Y 2 2R AU

AUFFAFAE—E B RBRYE . B 5, AR i fr
T, ABPFERNERA RS . EIRUR AR
SEROE, TRHETIRIZUOMT . HU, AT R B
e 7K P B BRAAR AT BE 2 S I FFIE 000 22 0 i e . B
PR FH R I AR s AR R Ak B
PR 2 BE 2 W B 22 1 33 N, FEAS i A G
LTS oM, AT X 2 A PR 45 ) ) 2 A A
I

WA ARESE, FATTH] LIS A GDM 22 10 bR i R 45
232 BV T RE 2 03 T 28 et AR o 8 R T A LA B
AR, UL TR AT 7 GDM Z2 {15 MNT 3 72
BR 12O MBERE RO, I G2 I B H 3%
A BB RER RS, TEHEBOK LG WRIERA
DU S PR B, PRAIE 2 G AR i ) 5 B
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