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Late Preterm Infants’ Outcome Born from Mothers with Positive Screening
but Negative Diagnostic Test for Gestational Diabetes

Jeong Min Lee, M.D.", Bo Seon Seo, M.D.", and Eun Sun Kim, M.D.”

Department of Pediatrics, CHA Bundang Medical Center, CHA University, Seongnam, Korea
2Department of Pediatrics, Kangwon National University School of Medicine, Chuncheon, Korea

Purpose: The aim of the study is to determine whether late preterm infants from normal oral GTT (glucose

tolerance test) but positive GCT (glucose challenge test) mothers are associated with adverse postnatal outcome.

Methods: A retrospective study was performed from singleton infants who were born at 3436 weeks

between January 2008 and December 2012 and prenatally checked at CHA Gangnam Medical Center. Infants
were categorized into three groups according to the results of 50 g oral GCT and 100 g oral GTT; NG group

(normal glucose tolerance group, n=603) vs. GIG group (gestational impaired glucose tolerance group; infants

of normal oral GTT but positive GCT mothers, n=77) vs. GDM group (gestational diabetes group, n=52).

Neonatal outcomes were compared among the three groups.

Results: GIG group showed significantly increased incidence of jaundice compared to NG group (9.6% vs.
19.5%, P=0.031). The number of old mothers (>35 years at delivery) was significantly higher in GIG group
compared to NG group (27.5% vs. 33.8%, P=0.006). After stratification by maternal age, GIG group showed
significantly increased respiratory diseases compared to NG group (44% vs. 65.4%, P=0.04). Hypocalcemia
and feeding problem increased across the groups (NG vs. GIG vs. GDM; 13.3% vs. 26.9% vs. 32.0%, P=0.024;

6.0% vs. 11.5% vs. 20.0%, P=0.05, respectively).

Conclusion: Late preterm infants of normal oral GTT but positive GCT mothers, especially in older mother,

have increased risk of postnatal morbidities such as respiratory distress, jaundice, hypocalcemia or feeding

intolerance. Thus, careful follow up may be needed in this group since antepartum period.
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Table 1. Main Causes of Preterm Delivery
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NG group (n=603) GIG group (n=77) GDM group (n=52) P value
PIH 67 (11.1%) 6(7.8%) 12(23.1%) 0.019*
Placental bleeding 34 (5.6%) 4(5.2%) 0(0%) 0.213
PPROM 257 (42.6%) 43 (55.8%) 16 (30.8%) 0.015*
Pretermlabor only 216 (35.8%) 22 (28.6%) 22 (42.3%) 0.260
Combined fetal distress 24 (4.0%) 2(2.6%) 0(0%) 0.295
Maternal medical problems 5(0.8%) 0(0%) 2(3.8%) 0.066

*indicates P<0.05

Abbreviations: NG, normal glucose tolerance; GIG, gestational impaired glucose tolerance; GDM, gestational diabetes
mellitus; PIH, pregnancy-induced hypertension; PPROM, preterm premature rupture of membrane.
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Table 2. Clinical Characteristics between Groups

NG group (n=603) GIG group (n=77) GDM group (n=52) P value
Maternal age (years) 32.314.2 32.844.1 34.7£3.7 0.000*
>35years at delivery 166 (27.5%) 26 (33.8%) 25(28.8%) 0.006*
Admission duration (days) 8.6£6.0 8.7£6.6 9.0£6.1 0.888
Gestational age (weeks) 35.9+0.8 35.8+0.8 35.9+0.9 0.674
Birth weight (g) 2,595+386 2,620£399 2,827+550 0.000*
SGA 63 (10.4%) 4(5.3%) 2(3.8%) 0.120
LGA 9 (1.5%) 2(2.7%) 10 (20%) 0.000*
Male infants 341 (56.6%) 46 (59.7%) 32(61.5%) 0.702
C-section 296 (49.1%) 26 (33.8%) 24 (46.2%) 0.040*
Apgarscore (1 min) 7.3x0.9 7.320.9 7.0£1.0 0.077
Apgarscore (Smin) 8.5+0.8 8.6+0.6 8.4+0.8 0.300
Totalrespiratory morbidity 256 (42.5%) 35 (45.5%) 30 (57.7%) 0.100
Apnea 54 (9.0%) 11 (14.3%) 6(11.5%) 0.567
TIN 175(29.0%) 20 (26.0%) 18 (34.6%) 0.299
RDS 57 (9.5%) 8(10.4%) 10 (19.2%) 0.083
Extrapulmonary airleaks 9(1.5%) 1(1.3%) 0(0%) 0.672
Sepsis 25(4.1%) 4(5.1%) 4(7.7%) 0.474
Jaundice 58(9.6%) 15(19.5%) 6(11.5%) 0.031*
Hypoglycemia 11(1.8%) 1(1.3%) 0 (0%) 0.592
Hypocalcemia 92(15.3%) 14(18.2%) 14(26.9%) 0.084
Feedingintolerance 25(4.1%) 6(7.8%) 7 (13.5%) 0.008*
Heart anomaly 29 (4.8%) 4(5.2%) 8(11.5%) 0.116
Other anomaly 7 (1.2%) 3(3.9%) 4(7.7%) 0.002*

*indicates P<0.05

Abbreviations: NG, normal glucose tolerance; GIG, gestational impaired glucose tolerance; GDM, gestational diabetes
mellitus; SGA, small for gestational age; LGA; large for gestational age; TIN, fransient tachypnea of newborn; RDS,
respiratory distress syndrome.
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Table 3. Stratified Analysis by Maternal Age at Delivery

Old aged mothers

NG group (235 years at delivery)

GIG group (n=166) GDM group (n=26) P value (n=25)

Maternal age (years) 37.3+2.3 37.242.3 37.5+2.4 0.907
Gestational age (weeks) 35.9+0.8 35.620.9 35.840.9 0.278
Birth weight (g) 2,620+435 2,606+468 2,974+557 0.001*
Male infants 98 (59.0%) 16 (61.5%) 17 (68.0%) 0.688
C-section 101 (60.8%) 14 (53.8%) 13(52.0%) 0.599
Totalrespiratory morbidity 73 (44.0%) 17 (65.4%) 16 (64.0%) 0.035*

Apnea 16 (9.6%) 5(19.2%) 2(8.0%) 0.304

TIN 49 (29.5%) 11 (42.3%) 10 (40.0%) 0.293

RDS 18(10.8%) 3(11.5%) 6(24.0%) 0.176
Jaundice 20 (12.0%) 7 (26.9%) 2(8.0%) 0.082
Hypocalcemia 22 (13.3%) 7 (26.9%) 8(32.0%) 0.024*
Feedingintolerance 10 (6.0%) 3(11.5%) 5(20.0%) 0.050*
*indicates P<0.05

Abbreviations: NG, normal glucose tolerance; GIG, gestational impaired glucose tolerance; GDM, gestational diabetes
mellitus; TTN, fransient tachypnea of newborn; RDS, respiratory distress syndrome.

5N BRor, AZFEF U 54 A8 2ol NG,

GIG, GDM 1% «0. & folatA Z7}akqich

Xt
=

K

opddel Bogt s =l =

ElE, g 2EA S Bu)7) s oled 5=

IL
é
1

2) wE

of Al A& 285 Wallste] Uds gk 47171 4

CL Qalo] nnhe S7bl 24t A9 ) 1YsE U

Aole 7H JAVd G ARIF STkt Qlep 0 g
u

S 25 e dl Al FA7E Q) - AET 3455

7|50 2 AE Buhs Parshs A X3 whet $7]v)
o} ek A&7 0 2 Z7helal Qi FA0le T o] 5
778t nkatolsl njwate] $57) Ak A goll, Al =

%}]";12- %_9/] %Bé%o] ‘__q_ﬁ. 17,19, 20, 22 O]E—é—ﬂ] ?:]1

LI 74/\}01]"1 oo“é & EJ %“J*é G AV GIGT,
gestational impaired glucose tolerance) 2] AFR.9} 214Jo}
=l thet B S71sksleh

AR o] mdgs} B A5 ke B Al ETRR] eyto-
kine) o] W] 7} Bfoe] 95 kg, Bfwtke] 5]¢ (ischemic
change), 2T 2l E7 35 FollE Ao dolz o] At

:1FU o2 r_

29 FY TS PRI HoATH A P AbR )
AN ET S 107 defA gk Pald G AbR)
F7]m) o) Bakg-& 10-229% 22 7 A kR vl Erh
I e A ok whEbA, B Qe A= AR O] Ujgs l
o) Aol upet 2ake] olof] xfol 7} Qli=A] Eelstarzt of
A AARS e A 2Ate] 1S WA E-AfEkelct Ak a1
okl W= o 7 25 v d W) GDM ZeellA =
2™ (11.1% vs. 7.8% vs. 23.1%, P=0.019) 7] = 3}

TR Q& ] &o} ko] GIG g oA AT O fo)
S| BEATHU2.6% vs. 55.8% vs. 30.8%, P=0.015). 3FA%
18] A gRlel M= 2 T35 3F el gt Aol & Holx
2kt

Ul elol|A] 1Al i AAAe] AR Yl A AJolE
off theh 2 744]
3l GIG 13514 wlsol, ﬂtﬂo} 212Yo}g 8k (neonatal
intensive care unit, NICU) $J4 1% 4l 2)¢] 7|3ke] S71,
Aol ¥z W7} vk B stk Mahomed 5
o d7rellAi= GIG 150l e 24k, A% A7, 7o}
S MIE7F EASA 0 & folatA| A bt sk
Gumus 52 A7ollA B4 153} vk S W GIG 1%
o) Ak A AN, et F4 A NICU $9 §l=7}6
k2] 0 2 Apo]7h 1T Meiamed 5-2] A7-IA % GIG 71
o AgokEolA 357] A% E, e A8, A4

_rf

— 204 —



o|FU S — QAIA T A

o l’o

FET S oA ol 88 9 NICU 94 Hlzelli= #Fol7}
oAtk vrebter? o) g} 3ro] Atmict A} theFate] U
T Bl s 7H AL "l AAolef| diste] o) 718 gk

o] J Qg o= Jr9] 2J8H4] 7jgle] Qlofof sh=A] A
7HA) " EsHA| ka7l wpzk gl

Pedersen 713e] w2 Q17 Ao o3t 2tw o] 19
o] eukE Fato] elotellAl 24 A= Hlote] % 5
AEE A3k, aQlEREFo] AT glofelA] A
3} ?_]-’5 o] Eg}xl—ﬁoi o]oH 33]:77-]]_,] zxﬁ ;q\ﬂc]—gl

7 gAJo] Z7latod, Qo] ANl 2459 Ao
Xdﬂ Ao, F FFoke] o] olxivkar A st
el 4 A5 GDM I, GIG I3, NG
IEeoR 71%% 8] GDM ZEolA] f12]8t 2lol 5 1)
ZFole] nlgo] GDMelA] wket o] 7)1
9] Aol Fdgh Aok

w3t g4 T1F ) vl GIG 2Fold F2e g
=UTH9.6% vs. 19.5% P=0.031). ¥ L7 AFololr &
A AZ e AF A, B 5 38 X 59 Aol

7k slEell 2 et =] 8 E0] 2 2 GIG 1
A=}

¢

o)

ol

¥ I
.%
rhz

uridine 5'—diphospho—glucuronosyltransferase (UDP—
glucuronosyltransferase, UGT) s 2 Qs lg]$41 o

A} Afste] o)t Askz T Yzigick
NG, GIG, GDM 18 0.2 58 gojlo] f1Eo] £
Bl ~7}6‘ SEA T °*DH4 1% vs. 7.8% vs. 13.5%,
= kARl WS A b )

2 A3 O%h 2 Qg g 292 247

;O

, 3] 3541 o)) 1 AbRo A=
A 155728 Afol S BATH13.3% vs. 26.9% vs. 32%,
P=0.02). Q14 28171 F7vebd nkvle] le™ w7l

A3 &4 (insulin mediated cell uptake) 7} 7Fske] %

TAHAR A /el Ao A Ejolt £7] mlsobEo] o & —

S
=)}
=
.
o
=2
o)
fol
E 1
J
rSEi
)
et
o
Ho
1o
_O|L
X
§2
32
rlr
in)
<>,
o

fluid resorption) & =3, ¥ ¥ %‘élﬂ (surfactant) 2]

S A skA 7tk A gl o meS o) ¢gko 7 gzt

Ht} Fung 5% $71u|%otell A QA Fart 5940
2 357 A8 T 2 &S T/MIITAL B9l
dl, £ A75 S E AR - el7k A eke] 35
71 Agke] A 5 g 1 5 JSlk

2 Apel|A] F7] wlgol QA s ol Ak Y <
21 B AR HE &S 27 10.6%, 7% WFEFTE o
AL F7uGolE tdo 2 9 d &S AR
712 gl v wsto] ok uke o]}

2 A7 T 7]l A sG] witel] ol Ak
47} A1, GIG AR 9l GDM AFR.2] i #e] 71 o] @A ¥
A FA T 1A gk I, kR o] 9fef W
tfato] IeskA] 2 HAI7E QlLk o] glell = F7m|sote)
s Zoli7h S314 0 2 ofgA FA] ol Fol]l AFE F
UEAE gl 9 6}71 IEte W*Ol ek

V—. @W UM
o] AF oz} iW éﬂrﬂ iﬁﬂ Ak that Aofel o
slo] ZAlslGIT) 8k RDS 9o F-5-8, U HISE,

9 37) 7% & EE7) AR {9 ol o N EE
AT RIE T % E—l 7]7]—031/]— o] ZAkeFgC.
E

atof AHA 0}71] AR }f& Zlo] & A-e] o]tk
2 A AR NG w3 HIAL A GIG TellM A7 o 5
ZHpE &S Bol, 53] 3541 o) 3e] 1A AR

>

— 205 —



D)

2)

3)

4

5)

6)

7)

8)

9

10)

11)

Jeong Min Lee, et al. : — Late Preterm Infants’ Outcome Born from Mothers with Positive Screening Test for Gestational Diabetes —

e
=
Ho
ook
Sl
1o
2
oX
D
rlr
e
o
o
nj
Ho
N
1o ©
N
rlo
)

References

Yeo JY, Yang SW, Han HK, Um MR, Lee WG, Lee MN, et
al. The perinatal complications in infants of mothers with
gestational diabetes mellitus. Korean J Pediatr 1997:40:809-
o17.

Yun SH, Han SW, Lee SH, Jung YW, Kim EH. Comparison
of obstetric and neonatal outcomes according to oral glucose
challenge test in korean pregnant women. Korean J Perinatol
2013;24:180-6.

Kim C. Gestational diabetes mellitus in korean women:
similarities and differences from other racial/ethnic groups.
Diabetes Metab J 2014;38:1-12.

NK L. Gestational diabetes mellitus in Korea using Korean
Health Insurance Database, 2010-2011. Pub Health Wkly
Rep KCDC 2013;6:411-5.

Obstetricians ACo, Gynecologists. Gestational diabetes
mellitus: Clinical management guidelines for obstetricians—
gynecologists. Obstet Gynecol 2013;122:406-16.

Fung G, Chan L, Ho Y, To W, Chan H, Lao T. Does gesta-
tional diabetes mellitus affect respiratory outcome in late-
preterm infants? Early Hum Dev 2014;90:527-30.

Gumus, 11, Turhan NO. Are patients with positive screening
but negative diagnostic test for gestational diabetes under
risk for adverse pregnancy outcome? J Obstet Gynaecol Res
2008;34:359-63.

Vignoles P, Gire C, Mancini J, Bretelle F, Boubli L, Janky E,
et al. Gestational diabetes: a strong independent risk factor
for severe neonatal respiratory failure after 34 weeks. Arch
Gynecol Obstet 2011;284:1099-104.

Melamed N, Hiersch L, Hod M, Chen R, Wiznitzer A,
Yogev Y. Is abnormal 50-g glucose-challenge testing an
independent predictor of adverse pregnancy outcome? J
Matern Fetal Neonatal Med 2012;25:2583-7.

Ju H, Rumbold AR, Willson KJ, Crowther CA. Borderline
gestational diabetes mellitus and pregnancy outcomes. BMC
Pregnancy Childbirth 2008;8:31.

Hyperbilirubinemia A AoPSo. Management of hyperbiliru-
binemia in the newborn infant 35 or more weeks of gestation.
Pediatrics 2004;114:297-316.

12)

13)

14)

15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

— 206 —

Charafeddine L, D'Angio CT, Phelps DL. Atypical chronic
lung disease patterns in neonates. Pediatrics 1999;103:759-
65.

Agrawal V, David RJ, Harris VJ. Classification of acute
respiratory disorders of all newborns in a tertiary care center.
JNatl Med Assoc 2003;95:585-95.

Chang JY, Kim CR, Kim EA, Kim KS. Predictable risk
factors and clinical courses for prolonged transient tachy-
pnea of the newborn. Korean J Pediatr 2010;53:349-57.

Jeng MJ, Lee YS, Tsao PC, Soong WJ. Neonatal air leak
syndrome and the role of high-frequency ventilation in its
prevention. J Chin Med Assoc 2012;75:551-9.

Choi YJ, Kahng J, Bin JH, Lee HS, Lee JH, Kim SY, et al.
The relationship between the timing of gestational diabetes
screening and HbAIc level and neonatal outcome. Korean J
Lab Med 2009;29:110-5.

Kang HJ, Kwak HM, Kim YS, Park JS, Yoon G, Choi SJ,
et al. Obstetric and neonatal outcomes after treatment of
gestational diabetes mellitus class Al and class A2. Korean J
Obstet Gynecol 2010;53:681-6.

Wang P, Lu M-C, Yan Y-H. Abnormal glucose tolerance is
associated with preterm labor and increased neonatal com-
plications in Taiwanese women. Taiwan J Obstet Gynecol
2013;52:479-84.

NaJY, Park N, Kim ES, Lee HJ, Shim GH, Lee JA, et al.
Short-term clinical outcomes of late preterm infants. Korean
J Pediatr 2009;52:303-9.

Lipkind HS, Slopen ME, Pfeiffer MR, McVeigh KH.
School-age outcomes of late preterm infants in New York
City. AmJ Obstet Gynecol 2012;206:222¢1-6.

Stene-Larsen K, Brandlistuen RE, Lang AM, Landolt MA,
Latal B, Vollrath ME. Communication impairments in early
term and late preterm children: a prospective cohort study
following children to age 36 months. J Pediatr 2014;165:1123-
8.

Brown HK, Speechley KN, Macnab J, Natale R, Campbell
MK. Neonatal morbidity associated with late preterm and
early term birth: the roles of gestational age and biological
determinants of preterm birth. Int J Epidemiol 2014;43:802-
14.

Mahomed K, Young S, Ibiebele I, Hoare JV. Relationship
between positive glucose screening, obesity and pregnancy
outcome in the absence of gestational diabetes: A retrospective
cohort study. Open J Obstet Gynecol 2014:4:524-30.

Ramos GA, Moore TE. Chapter 9. Endocrine disorders in
pregnancy. In: Gleason CA, Devaskar SU, editors. Avery’s
diseases of the newborn. 9th ed. Philadelphia: Saunders
Elsevier; 2012. p.75-87.



o1l T 1 — YA T AFHALOA P AL A Ejold 7] v]srolEo] o % —
25) Carlo WA. Chapter 101.1. Infants of diabetic mothers. complicated by diabetes mellitus: is it necessary? J Matern
In: Kliegman RM, Stanton BF, St. Geme JW, Schor NF, Fetal Neonatal Med 2002;12:413-6.
Behrman RE, editors. Nelson textbook of pediatrics. 19th 27) Nold JL, Georgieff MK. Infants of diabetic mothers. Pediatr
ed. Philadelphia: Saunders Elsevier; 2012. p.627-9. Clin North Am 2004;51:619-37.

26) Landon MB, Vickers S. Fetal surveillance in pregnancy

== E=

A Z7n&ols gldo 2 Al g XHA = A Al A
F 5o nlgole] AL o 5 drolw 112} S5

b 2008 19 1956 20121 129 31974%) 6071 AP ol 2483 Ae] 53 347-36"F= Blold
7] wlgole} T AR E gido 2 S3it) o)5-S U B Ak} Sl A ATl wha}, AN T
2|7} 140 mg/dL w|Eko. = 44 T A7de 1Rl 75 A AR A EAE 21480} H(normal glucose tolerance
group, NG group), A1 FAA] dolA]uk Al Bty 3 52 W] ok Ao AN SIS Aol
(gestational impaired glucose tolerance group, GIG group), 418 ZAL| A kAdo|n] AN GinS Bhd wke Ak
oA EAYZF Aol (gestational diabetes mellitus group, GDM group) ©. & E-F3}10] Al - Alo]2] A2l &
AL 242 Bl BATt

Znk 329 F8EL NGl 18] GIGT-olA] A VERE2M(9.6% vs. 19.5%, P=0.031), 354 o)d¢] a#lalo
NGzl H]3] GIGol A --2J8lA] FEH27.5% vs. 33.8%, P=0.006). 3541 014 113 Abmo| A 23} 24181908 o, &
F7] A3 NGl HI3) GIGToIA] S-olabA| BHaLd4.0% vs. 654%, P=0.035), AZ-48% 5 o= NG 1%,
GIG I3, GDM 159 A2 S7Fshe AdE B3ITH13.3% vs. 26.9% vs. 32%, P=0.024; 6.0% vs. 11.5% vs, 20.0%,
P=005).

AE: 5ol A Wd-s ol 7L Q= AkReA] Ejold AlAolE, 58] 1 AtRA 5571 Hek g,
AZEAZ 77 Gl T T4 385 §13e] 7K ubebA] off uEte] 2ol vk A% Y% 5] 2
2 o] A g3hAllct

Mo
b

o BREARENA 24

o Il
e

oz

1

—

S Bl 5] misol, Al e, s ol ol %

— 207 —



