Obstetrics &

Original Article Gynecology

Obstet Gynecol Sci 2020;63(5):615-622 i
https://doi.org/10.5468/0gs.20007 Sc lence
pISSN 2287-8572 - elSSN 2287-8580

Check for
updates

Delayed diagnosis of gestational diabetes mellitus and
perinatal outcomes in women with large for gestational

age fetuses during the third trimester

Jeenah Sohn, MD'?, Hyun Ji Lim, MD'?, Sohee Kim, MD'?, Tae Hun Kim, MD'?, Byoung Jae Kim, MD'?,
Kyu Ri Hwang, MD, PhD'?, Taek Sang Lee, MD, PhD"?, Hye Won Jeon, MD, PhD'?, Sun Min Kim, MD, PhD'*

Department of Obstetrics and Gynecology, 'Seoul Metropolitan Government-Seoul National University Boramae Medical Center; *Seoul National
University College of Medicine, Seoul, Korea

Objective
We evaluated the incidence of newly diagnosed gestational diabetes mellitus (GDM) during the 3 trimester in
women with suspected large for gestational age (LGA) fetuses on ultrasound and assessed their perinatal outcomes.

Methods

A retrospective cohort study was performed. Singleton pregnant women with suspected LGA on the 3™ trimester
ultrasound and whose results of GDM screening at midpregnancy had been normal were enrolled. All participants
were retested with 100-g oral glucose tolerance test (OGTT) within 2 days after diagnosis of LGA. We compared
perinatal outcomes between the newly diagnosed with GDM group and the non-GDM group.

Results

Among 169 pregnant women, 13% (23/169) were newly diagnosed with GDM. The women in the GDM group had
a higher HbA1c level at diagnosis (5.8 vs. 5.3, P<0.01) and earlier gestational age at delivery (38.0 vs 38.9 weeks of
gestation, P=0.003) than those in the non-GDM group. The rate of cesarean delivery (CD) was significantly higher
in the GDM group than that in the non-GDM group (73.9%, vs. 49.3%, P=0.028) with similar proportions for the
indications of CD except CD on maternal request (CDMR). The CDMR rate was higher in the GDM group than non-
GDM group (41.2% vs. 23.6%) but it did not reach statistical significance. There were no significant differences in the
obstetrical and neonatal complications between the two groups.

Conclusion

Among pregnant women with suspected LGA, 13% were newly diagnosed with GDM in late pregnancy. Nonetheless,
there were no differences in the perinatal outcomes between women with newly diagnosed GDM and those without
GDM. However, concerns over shoulder dystocia appear to increase CD rates in the GDM group.
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Introduction

As gestational age progresses and the placenta increases in
size, the levels of pregnancy-associated hormones secreted
from the placenta such as estrogen, progesterone, cortisol,
and placental lactogen also increase. In particular, the secre-
tion of human placenta lactogen (hPL) increases approxi-
mately 10-fold in the second half of pregnancy. hPL, which is
a potent antagonist of insulin action, induces fasting hypo-
glycemia, postprandial hyperglycemia and hyperinsulinemia
physiologically in pregnant women by promoting lypolysis
and increasing free fatty acid in maternal serum to conserve
glucose for fetal growth [1]. As the pregnancy progresses,
insulin sensitivity begins to decrease, and insulin resistance
increases by hormones secreted in the placenta during the
pregnancy [2]. As a result, the risk of diabetes increases theo-
retically in the latter half of pregnancy.

Gestational diabetes mellitus (GDM) is known to induce
complications for both mother and fetus. Maternal complica-
tions include gestational hypertensive disease, risk of cesare-
an delivery (CD), future development of type 2 diabetes mel-
litus (DM), cardiovascular disease and metabolic syndrome
[3-7]. If glucose control is poor in women with GDM, the risk
of unexplained stillbirth may be similar to that of pregnant
women with pregestational DM [8,9]. Neonatal hypoglyce-
mia, hyperinsulinemia, and risk of macrosomia can develop
in neonates of women with GDM [10,11].

GDM is known as a leading cause of excessive fetal
growth. Large for gestational age (LGA) is defined as birth
weight above the 90" percentile for gestational age [12].
Mothers with diabetes, either GDM or pregestational DM,
have a 3-fold higher rate of LGA than women with normal
range blood glycemic control, with 15-45% of all cases of
LGA [13]. A high concentration of glucose in maternal serum
is delivered to the fetus through the placenta, which results
in fetal hyperglycemia. Then, insulin secretion is increased
in the fetus to synthesize lipid and glycogen from blood
glucose, resulting in excessive accumulation of fat in the
shoulder and middle of the body and increased body weight
of fetus. LGA can lead to complications for both mother and
infant, it increases the risk of shoulder dystocia, clavicle frac-
ture, brachial plexus injury, and neonatal intensive care unit
admission rate. In the mother, it increases the rate of CD,
vaginal laceration, and postpartum hemorrhage [10,11].

Most pregnant women undergo an oral glucose toler-
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ance test (OGTT) between 24 and 28 weeks of gestation.
If they are diagnosed with GDM, blood glucose control will
be necessary throughout the pregnancy for prevention of
complications. However, LGA is sometimes suspected on the
ultrasound in late pregnancy in women with normal routine
blood glucose test results at 24-28 weeks of gestation. There
are a few studies about maternal glucose intolerance in the
3" trimester. One prospective study evaluated the incidence
of abnormal 75-g OGTT results and their perinatal outcomes
in previously normoglycemic pregnant women during the 3
trimester [14]. It showed that the incidence was 13.5% and
there was no increased risk of perinatal outcomes. However,
there has been no previous study about delayed diagnosis of
GDM in women with LGA fetuses during the 3" trimester.
We focused on pregnant women with suspected LGA on the
3" trimester ultrasound but whose previous routine glucose
testing had been normal between 24 and 28 weeks of ges-
tation. This study was performed to evaluate the incidence of
newly diagnosed GDM in the 3“ trimester of pregnancy and
the perinatal outcome in these women.

Materials and methods

1. Study design
A retrospective cohort study was performed. Among single-
ton pregnant women who delivered at Seoul Metropolitan
Government-Seoul National University Boramae Medical
Center from January 2010 to December 2018, women who
were retested for an OGTT because of suspected LGA on
ultrasound in the 3" trimester were enrolled. Their results
of GDM screening at 24-28 weeks of gestation had been
normal. Women with pre-gestational DM, GDM already di-
agnosed or no glucose testing during the 2™ trimester, twin
pregnancy, or fetal congenital malformations were excluded.
Routine blood glucose testing at 24-28 weeks of gesta-
tions was performed using a 2-step process: 50-g oral glu-
cose challenge test (GCT), followed by a 100-g OGTT for ab-
normal result in the 50-g GCT (>140 mg/dL). Interpretation
of the diagnostic 100-g OGTT followed the Carpenter-Cous-
tan criteria. The reference values were as follows: fasting,
95 mg/dL; 1-hour, 180 mg/dL; 2-hour, 155 mg/dL; 3-hour,
and 140 mg/dL; 2 or more of the plasma glucose concentra-
tions are met or exceeded for a positive diagnosis [15]. The
test was performed in the morning after an overnight fasting
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over 8 hours, with the women remaining seated and at rest.
Estimated fetal weight (EFW) was calculated by the Hadlock
formula using ultrasonography, and LGA was defined as EFW
more than 90" percentile for gestational age. We used the
reference of percentile distributions of birth weight according
to gestational ages in Korea [16]. If an LGA fetus was sus-
pected during the 3" trimester, the 100-g OGTT was retested
same as routine manual within 2 days after diagnosis of LGA
on ultrasound. If women were newly diagnosed with GDM,
they started diet control and checked blood sugar levels un-
less delivery was imminent.

We compared the incidence of CD, obstetrical complica-
tions (gestational hypertensive disease, preterm birth, and
shoulder dystocia), and neonatal complications (neonatal
intensive care unit [NICU] admission and neonatal hypoglyce-
mia) between the newly diagnosed with GDM group and the
non-GDM group.

Table 1. Maternal characteristics

This study was approved by the Institutional Review Board
of the Seoul Metropolitan Government-Seoul National Uni-
versity Boramae Medical Center (IRB No. 30-2019-111).

2. Statistical analyses

For statistical analysis, comparison of the proportions was
performed using Pearson’s % test or Fisher's exact test. Con-
tinuous variables were compared using the Mann-Whitney
U test. Logistic regression analysis was used to evaluate the
relationship between the presence or absence of GDM and
the pregnancy outcomes of interest after adjustment for
gestational age. P-value <0.05 was considered statistically
significant. International Business Machines (IBM) Statistical
Package for the Social Sciences (SPSS) statistics software ver.
20.0 (IBM Corp., Armonk, NY, USA) was used for data analy-
sis.

100-g OGTT in late pregnancy

Characteristics = = P-value
Positive (n=23) Negative (n=146)

Maternal age (yr) 34.7 (24-40) 33.1(22-45) 0.077

Nulliparity 13 (56.5) 83 (56.8) 0.976

Pregestational BMI (kg/m?) 23.4(18.1-30.7) 22.9(17.5-46.5) 0.174

Family history of type 2 DM 3(13.0) 25(17.1) 0.625

HbA1C (%) 5.8 (4.9-7.1) 3(4.6-6.4) 0.000

Values are presented as number of patients (%) or median value and range.
OGTT, oral glucose tolerance test; BMI, body mass index; DM, diabetes mellitus.

Table 2. Neonatal characteristics and perinatal outcomes according to the diagnosis of gestational diabetes mellitus in late pregnancy

100-g OGTT in late pregnancy

Characteristics P-value
Positive (n=23) Negative (n=146)

Polyhydramnios 0 3(2.1) 0.481
Gestational age at delivery (wk) 38.0 (34.0-40.6) 38.9(34.9-41.3) 0.003
Birth weight (g) 3,512 (2,640-4,480) 3,603 (2,310-4,730) 0.360
LGA at delivery 20(87.0) 124 (84.9) 0.547
Male fetus 1(47.8) 84 (57.5) 0.761
Shoulder dystocia 0 4(2.7) 0.422
NICU admission 1(1.8) 12 (8.2) 0.512
Neonatal hypoglycemia 0 0 -
Gestational hypertensive disorders 1(4.3) 3(2.1) 0.504
Preterm birth 2 (8.7) 5(3.4) 0.238
Values are presented as number of patients (%) or median value and range.

OGTT, oral glucose tolerance test; LGA, large for gestational age; NICU, neonatal intensive care unit.
www.ogscience.org 617
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Results

Of 169 pregnant women who were retested using the 100-
g OGTT, 13% (23/169) were newly diagnosed with GDM.
There were no significant differences in the maternal age,
parity, pre-pregnancy body mass index, family history of DM,
gestational age at OGTT, and fetal sex between the newly
diagnosed with GDM group and the non-GDM group. The
women in the GDM group had higher level of HbA1c at di-
agnosis (5.8 vs 5.3, P<0.01) and earlier gestational age at de-
livery than those in the non-GDM group (38.0 vs. 38.9 weeks
of gestation, P=0.003), but birth weight was not significantly

different between the two groups (3,512 g vs. 3,603 g,
P=0.360) after adjustment for gestational age at delivery
(P=0.548). There were no significant differences in incidence
of obstetrical complications (gestational hypertensive disease,
preterm birth, and shoulder dystocia) and neonatal complica-
tions (NICU admission and neonatal hypoglycemia) between
the two groups. Tables 1 and 2 show maternal, neonatal
characteristics, and perinatal outcomes.

The results of routine blood glucose testing at 24-28
weeks of gestation are described in Table 3. The values of
the 50-g GCT were similar in both groups. If the result of
50-g GCT was above the cutoff value, the 100-g OGTT was

Table 3. Results of previous routine blood glucose testing between 24 and 28 weeks of gestation according to the subsequent diagnosis

of gestational diabetes mellitus in late pregnancy

100-g OGTT in late pregnancy

Characteristics = = P-value
Positive (n=23) Negative (n=146)

50-g GCT (mg/dL) 127 (80-165) 123 (68-176) 0.374

100-g OGTT 6(26.1) 28(19.2) 0.442
Fasting (mg/dL) 83 (75-91) 84 (69-107) 0.791
1-hour (mg/dL) 166 (159-175) 152 (109-199) 0.177
2-hour (mg/dL) 156 (134-169) 128 (90-164) 0.018
3-hour (mg/dL) 128 (119-138) 109 (48-157) 0.044

Values are presented as number of patients (%) or median value and range.

OGTT, oral glucose tolerance test; GCT, glucose challenge test.

Table 4. Results of retested 100-g oral glucose tolerance test (OGTT) after identifying excessive fetal growth during the 3" trimester ul-

trasound

100-g OGTT in late pregnancy

Characteristics = : P-value
Positive (n=23) Negative (n=146)
Estimated fetal weight at 100-g OGTT (g) 2,742 (1,491-3,769) 2,884 (1,290-4,197) 0.268
Gestational age at 100-g OGTT (wk) 34.8 (30.1-38.9) 35.3(29.0-40.7) 0.270
Values of OGTT (mg/dL)
Fasting 87 (73-120) 81 (58-108) 0.006
1-hr 188 (159-268) 147 (69-204) 0.000
2-hr 170 (121-260) 123 (87-177) 0.000
3-hr 134 (54-213) 110 (53-155) 0.026
Abnormal OGTT
Fasting 4(17.4) 5(3.4) 0.006
1-hr 17 (73.9) 8(5.5) 0.000
2-hr 8(78.3) 8(5.5) 0.000
3-hr 13 (56.5) 10 (6.8) 0.000

Values are presented as number of patients (%) or median value and range.

GCT, glucose challenge test.
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performed. The profiles of the 100-g OGTT results were also
similar between the groups, but the 2-hour value was signifi-
cantly higher in women diagnosed with GDM (156 vs. 128,
P=0.018).

Table 4 demonstrates the results of retested 100-g OGTT
after identifying excessive fetal growth on the 3 trimester
ultrasound. The gestational age and EFW on ultrasound at
the time of 100-g OGTT were not significantly different be-
tween the two groups. In the GDM group, 17.4%, 73.9%,
78.3% and 56.5% of patients revealed abnormal serum
glucose level in fasting, 1-hour, 2-hour, and 3-hour values in
100-g OGTT, respectively.

The characteristics of the delivery mode are shown in Table 5.
The rate of trial of labor was significantly lower in the GDM
group than that in the non-GDM group (39.1% vs 71.2%,
P=0.002). The rate of CD in the GDM group was significantly
higher than that in the non-GDM group (73.9% vs. 49.3%,
P=0.028). When we analyzed the indication for CD, the pro-
portions of indications were similar in both groups, except
CD on maternal request (CDMR). The rate of CDMR without
any obstetrical indication was higher in the GDM than that
in the non-GDM group (41.2% vs. 23.6%), but it could not
reach statistical significance. The distribution of other indica-
tions for CD was similar between the two groups.

After delivery, we conducted a postpartum 75-g OGTT in

Table 5. Characteristics of delivery mode in both groups

women diagnosed with GDM. None of the women were di-
agnosed with DM and only one had impaired glucose toler-
ance (fasting 112 mg/dL, 2-hour 187 mg/dL).

Discussion

This is the first study to analyze the incidence of newly diag-
nosed GDM and perinatal outcomes in previously normogly-
cemic pregnant women with suspected LGA fetuses in the
3" trimester.

While showing normal results in routine blood glucose test
at mid-pregnancy, 13% of pregnant women with suspected
LGA fetuses in the 3" trimester of pregnancy were newly di-
agnosed with GDM. Nonetheless, there were no differences
in the perinatal outcomes between the newly diagnosed
GDM group and the non-GDM group. However, concerns
over complications of GDM, such as shoulder dystocia, ap-
pear to increase CD.

Because GDM is the main cause of fetal excessive growth
and insulin resistance increases as gestational age progresses,
newly developed GDM can be considered in pregnant wom-
an when EFW is large for gestational age in the 3 trimester,
even if their previous GDM screening at 24-28 weeks of
gestation had been normal. After diagnosis of GDM, even

100-g OGTT in late pregnancy

Characteristics = = P-value
Positive (n=23) Negative (n=146)

Trial of labor 9(39.1) 104 (71.2) 0.002
Induction of labor 6 (66.7) 2 (50.0) 0.337
Spontaneous labor pain 2(22.2) 8(27.9) 0.715
Premature rupture of membrane 1(11.1) 23(22.1) 0.439

Operative delivery 4(17.4) 6(17.8) 0.961

Cesarean delivery 17 (73.9) 2 (49.3) 0.028

Indications for CD
Previous CD 5(29.4) 20(27.8) 0.893
Failure to progress 3(17.6) 21(29.1) 0.336
Malpresentation 1(5.9) 4(5.6) 0.958
Fetal deceleration 0 6 (8.3) 0.218
Placenta previa 1(5.9) 4 (5.6) 0.958
CDMR 7(41.2) 17 (23.6) 0.142

Values are presented as number of patients (%).

OGTT, oral glucose tolerance test; CD, cesarean delivery; CDMR, cesarean delivery on maternal request.
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if in late pregnancy, pregnant women used to control their
blood sugar levels to prevent obstetric and perinatal compli-
cations associated with GDM. A previous study showed that
patients diagnosed with GDM during the 3 trimester had
infants with lower birthweight than those of non-diabetics
or those with a single pathological value of GTT. Glucose
control in women with late-onset GDM may lead to lower
birthweights, and there was no difference in CD rate and
neonatal outcomes after adjustment for potential confound-
ers in one study [17].

In our study, about 13% of participants were newly di-
agnosed with GDM in late pregnancy. Generally, the more
advanced the gestational age, the higher the possibility of
GDM development because of increasing insulin resistance
with the growing placenta volume. Therefore, there were
several previous studies to evaluate the relationship between
abnormal blood glucose levels during the 3" trimester and
perinatal outcomes in previously normoglycemic pregnant
women. In one study, the incidence of newly developed
GDM and glucose intolerance, which was diagnosed when
satisfying only one abnormal value of four blood glucose lev-
els in 100-g OGTT, was 4.3% and 9.9%, respectively [17]. In
another study, 486 high-risk pregnant women were retested
for GDM after 32 weeks of gestation, and 4.7% were newly
diagnosed with GDM [18]. The authors called it late-onset
GDM. There was a study reporting that 6.7% of 404 women
were diagnosed with GDM in the 3 trimester [19]. The inci-
dence of newly diagnosed GDM during the 3" trimester var-
ied among the previous studies but was lower than that in
our study (13%). This is probably because we enrolled only
pregnant women with LGA fetuses, who are likely to have
GDM. Retesting GDM in pregnant women with LGA fetuses
during the 3" trimester seems to be meaningful because they
are more likely to have GDM than normal pregnant women.
A previous study showed an incidence of newly diagnosed
GDM during the 3™ trimester similar to our result [14]. How-
ever, our study differs from the previous study in two as-
pects, study population and diagnostic method. We enrolled
only pregnant women with LGA fetuses in the 3" trimester,
who were at high risk of GDM, and we used a 100-g GTT
following Carpenter-Coustan criteria as a diagnostic test, un-
like their 75-g OGTT.

Gestational age at delivery was significantly earlier in the
GDM group than non-GDM group (38.0 vs. 38.9 weeks of
gestation, P=0.003) in our study. This is presumed to be a
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result of earlier intervention considering maternal and fetal
complications of GDM. The median value of birth weight has
no statistical difference between the two groups after adjust-
ing for gestational age. After GDM diagnosis, it is expected
that the occurrence of GDM-related complications, including
LGA, will be reduced because those women will start to con-
trol their diet and monitor their blood sugar levels [20]. There
were no differences in other perinatal outcomes between
the newly diagnosed GDM group and non-GDM group in
this study. The intervention performed after the diagnosis
of GDM in the GDM group may have affected the perinatal
outcomes.

From the aspect of delivery mode, the rate of trial of labor
was significantly higher in the non-GDM than in the GDM
group. Conversely, CD was more often performed in the
GDM group. These results may be due to concerns over
complications of GDM, such as shoulder dystocia, caused by
LGA in the GDM group. The rate of CDMR was particularly
higher in the GDM group, although the difference did not
reach statistical significance.

We usually do not test the HbA1c value when a routine
blood glucose test is conducted during the 2™ trimester if
not indicated. In our study, the HbA1c value measured dur-
ing the 3 trimester was significantly higher in the newly
diagnosed GDM group than non-GDM group (5.8 vs 5.3,
P<0.05). HbA1c is a standard method for assessing long-term
glucose control over the previous several weeks, about 2-3
months [21]. If HbA1c is requested during the 2™ trimester
and screened together at the time of blood glucose testing,
it may be useful to predict future development of GDM even
if the results did not reach the diagnostic threshold for the
GDM at that time of routine blood glucose testing. HbA1c
can be a more precise tool than OGTT to evaluate glucose
metabolism by reflecting long-term blood glucose control.
However, in order to apply this protocol to actual practice,
it is required to evaluate the cost-effectiveness of this addi-
tional test.

GDM can affect not only the current but also the next
pregnancy. History of GDM corresponds to the high-risk
group according to the GDM risk assessment by criteria of
the Fifth International Workshop-Conference on Gestational
Diabetes. It is recommended that these pregnant women
take the test for GDM as soon as possible after diagnosis
of their next pregnancy [22]. This will enable timely GDM
screening at the next pregnancy, and adequate manage-
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ment according to the results may improve the pregnancy
outcome because women with a history of GDM have risk
of developing GDM during early pregnancy, which can be
associated with poor pregnancy outcome compatible with
pregestational DM. Moreover, there is a 50% likelihood of
women with GDM developing overt diabetes within 20 years
[23]. Thus, it can provide important information on their fu-
ture health care.

This study had some limitations. It was a retrospective
study, and a number of pregnant women with LGA fetuses
could not be enrolled because they had not been retested for
GDM during the 3" trimester. We have plans for prospective
studies to enroll more pregnant women with LGA fetuses
during the 3" trimester. In addition, we want to evaluate the
relationship between HbA1c at the time of routine blood
glucose testing at 24-28 weeks of gestation and future de-
velopment of LGA fetuses during the 3" trimester.

In conclusion, the rate of newly diagnosed GDM was 13%
in pregnant women with suspicious excessive fetal growth in
the 3" trimester of pregnancy. Nonetheless, there were no
differences in the perinatal outcomes between women with
newly diagnosed GDM and those without GDM. However,
concerns over complications of GDM, such as shoulder dys-
tocia, appear to increase the rate of CD.
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