
Vol.:(0123456789)1 3

Archives of Gynecology and Obstetrics (2023) 307:421–429 
https://doi.org/10.1007/s00404-022-06520-5

MATERNAL-FETAL MEDICINE

Clinical implications of the 100‑g oral glucose tolerance test 
in the third trimester

Raneen Abu Shqara1,2 · Shany Or2 · Yifat Wiener3,4 · Lior Lowenstein1,2 · Maya Frank Wolf1,2 

Received: 26 January 2022 / Accepted: 9 March 2022 / Published online: 28 March 2022 
© The Author(s), under exclusive licence to Springer-Verlag GmbH Germany, part of Springer Nature 2022

Abstract
Purpose   The clinical implications of gestational diabetes mellitus (GDM) diagnosed in the third trimester are not well 
established and controversy continues regarding the performance of diagnostic tests beyond 28-week gestation. This study 
aimed to evaluate the incidence of abnormal third trimester oral glucose tolerance test (OGTT) results in women at high risk 
and to compare the obstetric and neonatal outcomes with those of women with normal OGTT results.
Methods   The study included 372 women who completed late (>29 weeks) 100-g OGTT due to suspected fetal macroso-
mia, polyhydramnios or a personal risk factor for GDM, diagnosed according to the Carpenter & Coustan criteria. Women 
with only one abnormal OGTT value were diagnosed with GDM by abnormal glucose follow-up and analyzed separately. 
Obstetric and neonatal outcomes were compared between the GDM and the non-GDM groups.
Results   GDM was diagnosed in 85/372 (22%) women, including 35 (59.3%) women with one abnormal OGTT value who 
were later diagnosed with GDM. Of 200 women who had a normal 1-h 50-g glucose challenge test at 24–28 weeks, late 
GDM was diagnosed in 33 (16.5%). Seventy-six (89.5%) of those with GDM were treated by dietary therapy and 9 (10.5%) 
by pharmacological therapy. Among women with GDM, large-for-gestational-age fetuses, labor induction and elective cesar-
ean section were more prevalent than for those without GDM. Significant differences were not found between the groups in 
macrosomia and neonatal outcomes.
Conclusions  The performance of OGTT in women with risk factors during the third trimester should be considered follow-
ing further prospective trials.

Keywords  Gestational diabetes · Late diagnosis · 100-g oral glucose tolerance test · Large for gestational age · 
Polyhydramnios

Introduction

Gestational diabetes mellitus (GDM) is a glucose intolerance 
disorder that is first diagnosed during pregnancy [1, 2]. The 
prevalence of GDM in central Europe is 5–7% and 10% in 
Asia [3, 4]. Among women with risk factors for GDM, such 

as family history of DM, Hispanic/Indian/Asian ethnicity, 
obesity, advanced maternal age, and a previous pregnancy 
with GDM or macrosomia [5], the rates range from 18 to 
25% [6].

Among risk factors for GDM are a history of GDM in 
a previous pregnancy, previous pregnancy without GDM 
yet complicated by hypertensive disorders, maternal obe-
sity and fetal macrosomia [7]. GDM is associated with 
increased maternal and neonatal morbidity, as well as a 
long-term impact on both the gravida and the offspring 
[8–12]. Fetal hyperinsulinemia increases risks of com-
plications, such as macrosomia, birth injuries, shoulder 
dystocia, caesarean sections, neonatal hypoglycemia and 
respiratory distress [8].The long-term risks for the off-
spring include endocrine morbidity [10], obesity [11], and 
increased risk for cardiovascular complications in child-
hood, adolescence and adulthood [12]. GDM-associated 
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maternal complications include metabolic syndrome and 
cardiovascular disease later in life [9]

GDM screening is recommended at 24–28-week ges-
tation. During this period, insulin resistance increases 
substantially, and leads to hyperglycemia in women with 
insufficient insulin secretory capacity to maintain euglyce-
mia [5, 13]. The one-step approach simplifies screening by 
performing only a diagnostic test, typically a fasting 75-g 
oral glucose tolerance test (OGTT) in all women. How-
ever, the two-step test is the most widely used approach. 
This consists of a 1-h 50-g glucose challenge test (GCT), 
after which screen-positive individuals undergo a fasting 
100-g OGTT; the latter is a diagnostic test for GDM [5]. 
A recently published randomized clinical trial showed that 
twice as many women in the one-step group were diag-
nosed with GDM, while clinical outcomes such as large-
for-gestational-age (LGA), perinatal composite outcome 
and primary cesarean section (CS) were similar for the 
two groups [14]. There is no consensus among national 
and international organizations regarding the optimal 
approach, and the choice generally depends on local pro-
tocols [14].

Controversy continues regarding screening test perfor-
mance beyond 28-week gestation. Some consider macroso-
mia and polyhydramnios indications for performing third-
trimester OGTT [15]. However, others claim that GDM 
diagnosed in the last trimester, especially in women who 
do not require pharmacological therapy, represents a physi-
ological change in glucose metabolism during pregnancy, 
rather than the feature of a pathological entity [16].

The clinical implications of late GDM diagnosis are also 
a matter of debate. GDM diagnosed at term was report-
edly associated with a twofold increase in CS rate [17] and 
increased neonatal complications, such as longer hospitali-
zation [16]. However, others found that late diagnosis of 
GDM was not associated with significant increase in CS rate 
and adverse neonatal outcomes [17, 18].

Our aim was to evaluate the incidence of abnormal third 
trimester OGTT results in women at high risk and to com-
pare the obstetric and neonatal outcomes with those of 
women with normal OGTT results.

Methods

Study design

This is a retrospective cohort study of late OGTT diagnosis 
(beyond 29 weeks) due to various indications, in women 
hospitalized in the maternal fetal unit of a tertiary hospital, 
between January 2017 and September 2020. The study was 
approved by the medical center’s ethics committee.

Study population

Women were included if they had undergone late OGTT 
during their hospitalization due to suspected LGA, polyhy-
dramnios and/or other factors predisposing them for GDM, 
such as BMI > 30 kg/m2, family history of DM and personal 
history of GDM in a previous pregnancy. Women were also 
included if they had a pathological GCT during 24–28 weeks 
of pregnancy that was not followed by an OGTT. Exclusion 
criteria were pre-gestational DM, twin pregnancy and fetal 
congenital malformations. In addition, women who under-
went late OGTT in our unit but delivered elsewhere were 
excluded from the analysis.

Interpretation of OGTT results

Interpretation of the diagnostic 100-g OGTT was according 
to the Carpenter–Coustan criteria [19]. The test was per-
formed in the morning after overnight fasting of at least 8 h. 
Two abnormalities above the threshold: fasting—95 mg/
dL; 1-h—180 mg/dL; 2 h—155 mg/dL and 3 h—140 mg/
dL were considered as positive for GDM. Women with 
one abnormal value were further screened. Accordingly, 
those with risk factors for GDM such as GDM in a previous 
pregnancy or obesity were directly diagnosed with GDM. 
Following the protocol of our unit, the other women were 
followed with thorough capillary blood glucose tests daily 
(7 times per day: at fasting state, before each meal and 2 h 
after each meal). These women did not receive a special diet 
and were diagnosed with GDM if the follow-up curve was 
considered abnormal.

Women with newly diagnosed late GDM were instructed 
by the fetal–maternal unit team to start diet control. Pharma-
cological therapy was initiated when 30% of capillary blood 
glucose tests were above goal [20].

Data collection

We searched our computerized database for women who 
underwent OGTT beyond 29 weeks and retrieved data that 
included demographic details, such as age and parity, and 
indication, timing and results of the test. In addition, we col-
lected information regarding GCT and OGTT performance 
earlier in pregnancy. There was no information regarding 
first trimester fasting glucose values. Gestational age (GA) 
at the time of testing was calculated by the last menstrual 
period or crown-to-rump length if a discrepancy of 7 days 
was found in the first trimester [21]. Estimated fetal weight 
was calculated by the Hadlock formula using ultrasonog-
raphy, and LGA was defined as birthweight more than the 
90th percentile for GA. We used the global intergrowth-21 
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reference of percentile distributions of birth weight adjusted 
for gender and GA [22]. Polyhydramnios was defined as 
amniotic index fluid above 25 cm.

Data analysis

Obstetric and perinatal outcomes were stratified by GDM 
status. Obstetrical complications included pre-eclampsia, 
pre-term labor, induction of labor and delivery mode. Birth 
complications included emergent CS, the incidence of shoul-
der dystocia, and third- or fourth-degree perineal tear. Neo-
natal outcomes included Apgar score at 5 min < 7, arterial 
cord pH < 7.1 and neonatal intensive care unit admission.

Three distinct groups were compared: women with no 
abnormal OGTT value, women with one abnormal OGTT 
value yet without GDM in further investigation, and women 
with one abnormal OGTT value and subsequent confirma-
tion of GDM.

Statistical analysis

Continuous variables are presented as mean ± standard devi-
ation (SD), or as median and range values, according to the 
distribution shapes of the variables. Qualitative variables are 
presented as frequencies and percentages. Continuous vari-
ables were compared between the two groups using either 
the independent sample t test or the Mann–Whitney test, 
according to the sample sizes of the groups and the distribu-
tion shapes of the variables. Categorical variables were ana-
lyzed using Pearson’s chi-squared test or Fisher’s exact test.

The sample size was calculated using the formula for 
comparing two groups (paired design), based on the find-
ings of two other studies. Accordingly, Eran Zilberberg et al. 
[15] reported incidence of adverse neonatal outcomes as 4% 
in the non-GDM group, and 13% in the late GDM group. De 
Wit et al. [23] reported a GDM prevalence of 22% based on 
third-trimester OGTT. With a power of 80% and alpha 0.05, 
we calculated a sample size of 370.

A two-tailed p value of < 0.05 was considered statistically 
significant.

Statistical analysis was performed using IBM SPSS Sta-
tistics for Windows, version 25.0 (IBM Corp., Armonk, NY, 
USA).

Results

During the study period, late OGTT (>29 weeks) was per-
formed in 415 women who were admitted to the mater-
nal–fetal medicine unit due to preterm contractions, cervical 
shortening, antepartum bleeding or trauma. The 21 women 
who had twin pregnancies and the 22 who delivered else-
where were excluded from the statistical analysis. Of the 

total sample, 279 women had undergone previous GCT or 
OGTT during 24–28-week pregnancy. Those tests showed 
normal GCT values in 200, abnormal GCT in 49 and normal 
OGTT values in 30.

GDM diagnosis

The final sample included 372 women who underwent third 
trimester OGTT. Among them, 263 (70.7%) had a normal 
result and 50 (13.4%) had two or more abnormal values. 
Of the 59 (15.9%) with one abnormal value, 35 (59%) were 
eventually diagnosed with GDM, according to risk factors 
and glucose curves. Two (6%) required pharmacological 
treatment. The total number of women with newly diagnosed 
late GDM was 85/372 (22%); 9 (10.5%) required either insu-
lin or metformin, while 76 (89.5%) required only dietary 
intervention (Fig. 1).

Statistically significant differences were not observed in 
maternal age, parity, family history of DM and GA at OGTT 
performance between those newly diagnosed with GDM 
during the third trimester and those without GDM. Women 
diagnosed with GDM were more likely to have had GDM in 
a previous pregnancy (p < 0.001) and were more likely to be 
obese (p = 0.040) (Table 1).

GDM diagnosis, stratified by indications and GCT 
status

Of 372 women, 200 (53.7%) had a normal GCT result in the 
second trimester and presented with risk factors for GDM in 
the third trimester. We stratified the results by GCT status.

Among the 372 women, indications for performing the 
OGTT included: polyhydramnios (37.6%), suspected LGA 
(33.9%), pathological GCT (13.2%), personal history of 
GDM (3%), first-degree family history of DM (9.9%) and 
obesity (2.4%) (Table 2). GDM was more frequently diag-
nosed when the OGTT was performed due to personal his-
tory of GDM (54.5%), followed by the following indica-
tions: pathological GCT (28.6%), suspected LGA (24.6%), 
polyhydramnios (19.3%) and first-degree family history of 
DM (18.9%) (Table 2).

Normal GCT at 24–28‑week pregnancy

Overall, the probability of GDM diagnosis was 16.5%. The 
most common reason for performing late OGTT after a 
normal second trimester GCT was polyhydramnios (47%), 
followed by suspected LGA (42%), family history of DM 
(6.5%), obesity (2.5%) and personal history of DM (2%). 
Among the 200 women with a normal second trimester 
GCT, 16% of those with polyhydramnios and 13% of those 
with suspected LGA were diagnosed with third trimester 
GDM (Table 2).



424	 Archives of Gynecology and Obstetrics (2023) 307:421–429

1 3

Women who did not undergo GCT​

In total, 113 women missed their GCT at 24–28 weeks and 
presented with risk factors for GDM in the third trimes-
ter. These women underwent OGTT as a first screening 
method for GDM. The most common indication for late 
OGTT in this group was polyhydramnios (35.4%), fol-
lowed by suspected LGA (31.0%) and family history of 

DM (21.2%). GDM was more commonly diagnosed among 
women with suspected LGA (45.7%).

Late GDM diagnosis and obstetrical outcomes

Compared to women not diagnosed with GDM, those diag-
nosed with late GDM had higher rates of LGA (49.4% 
vs. 30.7%, p = 0.002), overall labor induction (34.1% 
vs. 20.9%, p = 0.014) and labor induction at >39-week 

Fig. 1   Flow-chart

Table 1   Characteristics of the sample, according to GDM and non-GDM

GDM gestational diabetes mellitus, SD standard deviation, OGTT​ oral glucose tolerance test, DM diabetes mellitus

Characteristics Total sample (N = 372) GDM
(N = 85)

Non-GDM (N = 287) P value

Maternal age,
mean ± SD

32.45 ± 5.4 33.35 ± 6.0 32.18 ± 5.2 0.106

Parity,
median [min–max]

2 [1–11] 2 [1–8] 2 [1–11] 0.870

Gestational age at OGTT​ 37 (29–41.1) 36.5 (29–41.4) 37.1 (29–41.6) 0.066
Obesity, n (%) 38 (10.2%) 14 (16.5%) 24 (8.4%) 0.040
Family history of DM,
n (%)

93 (25%) 26 (30.6%) 67 (23.3%) 0.199

Personal history of GDM,
n (%)

14 (3.8%) 11 (12.9%) 3 (1.0%)  <0.001

Personal history of macrosomia, n (%) 53 (14.2%) 16 (18.8%) 37 (12.9%) 0.215
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gestation (45.4% vs. 25.9, p < 0.01) (Table 3). Overall, CS 
was not performed more frequently among those diagnosed 
vs. not diagnosed with GDM (44.7% vs. 39.3%, p = 0.369), 
although elective CS was more frequent (22.5% vs. 11.6%, 
p = 0.018). Birthweight (3591 vs. 3473  g,  p = 0.116), 
delivery week (39.3 vs. 38.80, p = 0.072), the proportion 
of pre-term birth (5.0% vs. 9.8%, p = 0.259) and the pro-
portion of male newborns (66.3% vs. 56.6%, p = 0.155) 
did not differ significantly between women with and with-
out GDM. Significant differences were not found between 

these groups in incidences of polyhydramnios (35.3% 
vs. 42.5%, p = 0.260), macrosomia (21.1% vs. 16.7%, 
p = 0.328), shoulder dystocia (1.3% vs. 0.4%, p = 0.4), 
pre-eclampsia (1.2% vs. 2.4%, p = 0.688) and neonatal 
intensive care unit admission (5.0% vs. 2.5%, p = 0.276), 
nor in Apgar score or cord pH (Table 3). Women with third 
trimester GDM were more likely to undergo induction of 
labor, odds ratio (OR) = 1.95 (95% confidence interval 
[CI] = 1.15–3.33, p = 0.013) and elective CS, OR = 2.214 
(95% CI 1.17–4.20, p = 0.015) (Table 4).

Table 2   GDM prevalence according to third trimester 100 g-OGTT in high-risk women (total sample and women with normal GCT)

GCT​ glucose challenge test, LGA large for gestational age, DM diabetes mellitus, GDM gestational diabetes mellitus

Indications Total sample
(n = 372)

Women with normal GCT (n = 200) Women who did not undergo GCT 
(n = 113)

Prevalence Diagnosis of GDM Prevalence Diagnosis of GDM Prevalence Diagnosis of GDM

Polyhydramnios 140 (37.6%) 27/140 (19.3%) 94
(47%)

15/94 (16%) 40
(35.4%)

9/40 (22.5%)

Suspected LGA 126 (33.9%) 31/126 (24.6%) 84
(42%)

11/84 (13.1%) 35
(31.0%)

16/35 (45.7%)

GCT > 140 mg/dL 49
(13.2%)

14/49 (28.6%)

Family history of DM 37
(9.9%)

7/37 (18.9%) 13
(6.5%)

3/13 (23.1%) 24
(21.2%)

4/24 (16.7%)

Personal history of GDM 11
(3%)

6/11 (54.5%) 4
(2%)

3/4
(75%)

6
(5.3%)

2/6 (33.3%)

BMI > 30 kg/m2 7 (2.4%) 0/9 (0%) 5 (2.5%) 1/5 (20%) 8 (7.1%) 0/8 (0.0%)
Total N = 372 85/372 (22%) N = 200 33/200 (16.5%) N = 113 31/113 (27.4%)

Table 3   Obstetrics and 
perinatal outcomes according 
to the diagnosis of GDM in late 
pregnancy

GDM gestational diabetes mellitus, OGTT​ oral glucose challenge test, LGA large for gestational age, NICU 
neonatal intensive care unit, CS cesarean section

Characteristics 100-g OGTT in third trimester

GDM Non-GDM P value

Polyhydramnios 30 (35.3%) 122 (42.5%) 0.260
Gestational age at delivery 39.3 (29.1–42.1) 38.80 (30–41.6) 0.072
Macrosomia (birthweight > 4000 g) 18 (21.1%) 48 (16.7%) 0.328
Birthweight (grams) 3591.2 ± 575.2 3473.5 ± 592.74 0.116
LGA at delivery 40 (49.4%) 84 (30.7%) 0.002
Apgar 5 < 7 0 (0%) 4 (1.4%) 0.579
pH < 7.1 0 (0%) 0 (0%) NS
Male fetus 53 (66.3%) 155 (56.6%) 0.155
Shoulder dystocia 1 (1.3%) 1 (0.4%) 0.400
NICU admission 4 (5%) 7 (2.5%) 0.276
Pre-eclampsia 1 (1.2%) 7 (2.4%) 0.688
Pre-term birth (<37w) 4 (5%) 27 (9.8%) 0.259
Induction of labor 29 (34.1%) 60 (20.9%) 0.014
Induction of labor > 39 weeks (of 39w + births) 20 (45.4%) 44 (25.8%)  <0.01
Total CS 38 (44.7%) 113 (39.3%) 0.369
Elective CS 18 (22.5%) 32 (11.6%) 0.018
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Comparison between women with one abnormal 
OGTT value and no abnormal OGTT values

Subgroup analysis revealed that compared with women who 
had no abnormal OGTT values, women with one abnormal 
value who were later diagnosed with GDM had a higher rate 
of LGA (55.9% vs. 31.6%, p = 0.007) and mean birthweight 
(3787 g vs. 3595 g, p = 0.029) (Table 5). Among those with 
one abnormal OGTT value, we compared those who were 
later diagnosed with GDM to those who were not diagnosed 
with GDM. Comparing the former to the latter, the rate of 
LGA (55.9% vs. 13.6%, p = 0.02) and the mean birthweight 
were higher (3787 vs. 3215 g, p < 0.001), as was the rate of 
elective CS due to suspected macrosomia (23.5% vs. 0%, 
p = 0.017).

Discussion

Among women who underwent late OGTT in the third tri-
mester due to various indications, the GDM rate was 22%. 
The most frequent indication for performing late OGTT was 
polyhydramnios, followed by suspected LGA. Factors asso-
ciated with late GDM diagnosis were obesity and a personal 
history of GDM in a previous pregnancy. Among women 
with a previous normal GCT, the diagnosis of third trimester 
GDM was lower (16.5%). However, according to the guide-
lines of the Israel Association of Obstetrics and Gynecol-
ogy, women with risk factors for GDM (BMI > 30 kg/m2, 

GDM in a previous pregnancy, previous macrosomia) should 
undergo OGTT at 24–28 weeks [24].

Our findings corroborate studies reporting that repeat 
GDM-screening in the third trimester, independent of 
clinical indications, yields an additional 5.2–23.5% GDM 
diagnosis [18, 23, 25]. Among GDM and normoglycaemic 
women in our cohort, the median GA at the OGTT test was 
36.5 and 37.1 weeks, respectively. This compares to 33.3 
and 33.1 weeks, respectively, as reported in another analy-
sis of women with normal OGTT at 24–28 weeks of preg-
nancy who repeated the test in the third trimester due to 
risk factors [23]. Similar to our study, following the second 
OGTT, 23.5% of the women in that study were subsequently 
diagnosed with GDM, and the most common indication was 
related to fetal growth. A prospective study by Kurtbas et al. 
[25] evaluated GDM screening during 24–28-week gestation 
by GCT and diagnostic tests. The protocol was repeated at 
least 1 month after the first screening, at 30–34 gestational 
weeks, in all women, regardless of risk factors. This resulted 
in an additional 5.2% diagnosis of late GDM. We report one 
abnormal OGTT value out of 15.8% of the study cohort, and 
two abnormal values or more out of 13.4%. This compares 
with one abnormal OGTT value found in 9.9% reported by 
a retrospective cohort study [18], that included women with 
normal GCT at 24–28-week gestation, followed by a third 
trimester OGTT at 30 weeks. In that study, two or more 
abnormal values were found in 4.3%.

Our study showed a lower probability for GDM diagno-
sis when the test was performed after a normal GCT. The 
rate of additional GDM diagnosis in the third trimester was 
13–16% for women with suspected LGA or polyhydramnios 
when the GCT was normal. Among women who underwent 
OGTT at 32-week gestation without a prior GCT due to 
suspected LGA or polyhydramnios, both these indications 
showed a positive predictive value of 40% for GDM diag-
nosis [26]. De Wit et al. [23] reported that repetition of the 
test after a normal OGTT yielded positive predictive values 
for GDM diagnosis of 7% among those with polyhydram-
nios and 23% among those with suspected LGA. Our study 
showed a lower GDM diagnosis rate when the indication was 

Table 4   Logistic regression of the association of late diagnosed 
GDM with obstetric outcomes

OR odds ratio, CI confidence interval, GDM gestational diabetes mel-
litus, CS cesarean section

OR (95% CI) P value

Induction of labor 1.95 (1.15–3.33) 0.013
Pre-eclampsia 0.467 (0.06–3.92) 0.491
CS due to suspected mac-

rosomia
2.214 (1.17–4.20) 0.015

Table 5   Obstetric outcomes for one abnormal OGTT value (with GDM and without GDM) compared with no abnormal OGTT values

GDM gestational diabetes mellitus, CS cesarean section, LGA large for gestational age statements and declarations

Obstetric 9 Outcomes 1
no abnormal OGTT​

One abnormal OGTT value P values for comparing different groups

2
without GDM

3
with GDM

1 vs. 2 1 vs. 3 2 vs. 3

Macrosomia 46 (18.3%) 1 (4.5%) 6 (17.6%) 0.140 1.00 0.226
Total CS 108 (43.0%) 5 (22.7%) 16 (47.1%) 0.073 (two sided) 0.714 0.092
Elective CS 32 (12.7%) 0 (0%) 8 (23.5%) 0.088 0.111 0.017
LGA 79 (31.6%) 3 (13.6%) 19 (55.9%) 0.092 0.007 0.02
Birthweight (gram) 3595 (891–4692) 3215 (2278–4510) 3787 (1540–4492) 0.004 0.029  <0.001
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suspected LGA, and a higher GDM diagnosis among those 
with polyhydramnios.

Interestingly, we found that the most predictive indica-
tion for a late GDM diagnosis is a personal history of GDM. 
This yielded 54.5% with late GDM diagnosis. This result 
supports the previously reported recurrence rate of 40–50% 
in future pregnancies [27, 28]. Thus, once diagnosed with 
GDM in previous pregnancy, preventive measures should be 
considered in future pregnancy, with adequate-diet quality 
and exercise considered first line choices for GDM prophy-
laxis. However, several clinical studies have demonstrated 
the effectiveness and tolerability of inositols, mainly myo-
Inositol, in GDM prevention in a future pregnancy [29]. A 
recent review showed that myo-Inositol, which is considered 
safe during pregnancy, can lower GDM rates and improve 
gestational glycemia and lipid and insulin resistance param-
eters, as well as reduce the need for insulin therapy should 
GDM develop later [30, 31]

We report significant increases in labor induction at >39-
week gestation, and in elective CS due to suspected mac-
rosomia in women with vs. without GDM. We demonstrated 
an increase in elective CS rate in accordance with previous 
studies [16, 32]. This might reflect a lower threshold for 
performing CS in these women. According to the American 
College of Obstetricians and Gynecologists (ACOG), for 
women with GDM treated by diet alone, induction of labor 
is usually not indicated before 39 weeks; if the fetal status 
is reassuring, expectant management until 40 6\7 weeks 
is appropriate [5]. However, for those with GDM treated 
pharmacologically, induction of labor is appropriate between 
39 weeks and 39 6\7. Despite the increased CS rate among 
our patients with late GDM diagnosis, the rate of macroso-
mia was not increased, in accordance with previous studies 
[32]. However, among those with and without GDM, the 
rate of macrosomia (21.1% and 16.7%, respectively) was 
higher than the rate of 7.8% reported by the ACOG for the 
general population [33]. This is probably because the OGTT 
was performed in a high-risk population with excessive fetal 
growth and maternal obesity. Fetal macrosomia is a com-
mon adverse outcome in unrecognized or untreated GDM 
[34]. In our study, adequate GDM treatment might explain 
the similar macrosomia rates between the women treated 
by a dietary intervention (89.5%) and those who required 
pharmacological therapy (10.5%). This might also explain 
the similar rates, in the two groups, of shoulder dystocia 
and third- or fourth-degree perineal tears. Although other 
studies reported higher pre-eclampsia rates in women diag-
nosed with third trimester GDM [16], our study found no 
significant difference, possibly due to a small sample size.

A strength of our study is the subgroup analysis of women 
with one abnormal OGTT value. We showed that when per-
sonal risk factors were the indications for undergoing late 
OGTT, one abnormal OGTT value was associated with more 

than 50% GDM diagnosis, mostly GDM treated by diet. To 
our best knowledge, we are the first to report this relatively 
high rate. Simsek et al. [35] showed that women with a sin-
gle elevated OGTT value had a higher risk of maternal and 
neonatal complications, similar to women with GDM. They 
suggested classifying these women as "borderline GDM” 
and advised further intervention for them, with dietary and 
lifestyle changes. We showed that GDM diagnosis in this 
particular subgroup leads to higher rates of CS and LGA, 
and higher birthweight. No difference was found in the rate 
of macrosomia, probably because these women were treated 
briefly after diagnosis, mostly by dietary intervention, while 
a minority required insulin or metformin for optimal glu-
cose control (5.7%). The higher LGA rate associated with 
one abnormal OGTT value was similar to that reported by 
Langer et al. [36]. We suggest that one abnormal OGTT 
value in the third trimester should be further investigated.

This study has some limitations, including its retrospec-
tive design. Since the OGTT test was performed in high-risk 
women, the conclusions do not apply to all pregnant women. 
In addition, we do not have follow-up data on postpartum 
screening results. Previous studies have demonstrated the 
long-term sequalae of GDM: up to 10% with GDM are 
diagnosed with type 2 DM soon after delivery and 40–60% 
during a 10-year follow-up [37, 38]. A recent Danish study 
by Aagaard et al. [39] showed that the risk of manifesting 
diabetes after 25 years of follow-up was six times higher 
in women with previous GDM compared with non-GDM 
(RR = 6; 95% CI 4–11). Interestingly, an Israeli study by 
Yefet et al. [40] showed that women with OAV in OGTT 
are also at increased risk for Type 2 DM; after 12 years of 
follow-up, the cumulative risk shown was 18%. Women with 
GDM generally demonstrate higher levels of insulin resist-
ance in the puerperium and/ or later in life, which reflects 
pancreas B-cell dysfunction, and suggests that GDM is a 
transient manifestation of longstanding metabolic impair-
ment with predisposition to relapse in the future [37]. Aside 
from the risk of developing type 2 DM, GDM is also associ-
ated with polycystic ovary syndrome with possible reproduc-
tive dysfunction in the future[41, 42]. Diagnosing GDM in 
the third trimester may provide a chance for lifestyle modifi-
cation, not only during pregnancy but also postpartum.

In summary, the performance of OGTT in women with 
risk factors during the third trimester should be considered 
following further prospective trials.
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