
906  |     Int J Gynecol Obstet. 2023;160:906–914.wileyonlinelibrary.com/journal/ijgo

Received: 21 June 2022  | Revised: 11 August 2022  | Accepted: 17 August 2022  | Published online: 26 September 2022

DOI: 10.1002/ijgo.14453  

C L I N I C A L  A R T I C L E

O b s t e t r i c s

The NDDG criteria versus the IADPSG or the ADA criteria 
for diagnosing early- onset gestational diabetes mellitus or 
abnormal glucose tolerance

Nieves Luisa González- González1,2  |   Enrique González- Dávila3 |   Ana Megía2,4 |   
Pilar Pintado2,5 |   Begoña Vega2,6 |   Erika Padrón7 |   Laura Pérez- Conde7 |   
Nazaret Villalba7 |   Fernando Bugatto2,8

1Department of Obstetrics and 
Gynecology, University of La Laguna, 
Tenerife, Canary Islands, Spain
2Spanish Diabetes and Pregnancy Study 
Group. Sociedad Española de Ginecología 
y Obstetricia (SEGO) and Sociedad 
Española de Diabetes (SED, Madrid, Spain
3Mathemathics, Statistics and Operations 
Research Department, IMAULL, 
University of La Laguna, Tenerife, Canary 
Islands, Spain
4Hospital Universitari Joan XXIII, 
Tarragona, Spain
5Hospital Universitario Gregorio Marañón, 
Madrid, Spain
6Hospital Universitario Materno Infantil 
de Canarias, Gran Canaria, Canary Islands, 
Spain
7Comlejo Hospitalario Universitario de 
Canarias, Tenerife, Canary Islands, Spain
8Division of Maternal- Fetal Medicine, 
Obstetrics and Gynecology Department, 
Puerta del Mar University Hospital, 
University of Cádiz and Biomedical 
Research and Innovation Institute of Cádiz 
(INiBICA), Cádiz, Spain

Correspondence
Nieves Luisa González- González, 
Fisiopatología Fetal. Edif. Policlínica, 2ª 
pta, Despacho “0,” Hospital Universitario 
de Canarias, Carretera La Cuesta- Taco, 
38320 La Laguna, Tenerife, Canary 
Islands, Spain.
Email: ngonzalezg@sego.es; nlglez@ull.
edu.es

Abstract
Objective: To analyze the effects of substituting the National Diabetes Data Group 
(NDDG) criteria with the International Association of Diabetes and Pregnancy Study 
Groups (IADPSG) or American Diabetes Association (ADA) criteria for the diagnosis 
of early- onset gestational diabetes mellitus (Early- GDM) or first trimester abnormal 
glucose tolerance (1 t- AGT).
Methods: A retrospective cohort study was conducted of 3200 women: 400 with 
Early- GDM, 800 with GDM, and 2000 with Non- GDM, according to the NDDG cri-
teria. Rates of women with missed and new Early- GDM according to the IADPSG 
or ADA criteria were calculated. Multivariate logistic regression analysis was used to 
compare perinatal outcomes between groups.
Results: Using the IADPSG criteria, 61.6% of women with Early- GDM according 
to the NDDG were undiagnosed (Missed- Early- GDM group), and 25.9% of women 
with GDM and 15.7% of women with Non- GDM were diagnosed with Early- GDM 
(New- Early- GDM groups). Perinatal outcomes were worse in Missed- Early- GDM than 
in Non- GDM and better in New- Early- GDM groups than in the Early- GDM group. 
According to the ADA recommendations, only 11.8% of women with Early- GDM ac-
cording to the NDDG criteria were diagnosed.
Conclusion: Replacing the NDDG recommendations for the diagnosis of Early- GDM 
with the IADPSG or ADA criteria would mean depriving a large number of women 
with AGT and higher risk of adverse perinatal outcomes from early treatment and 
treating others with lower risk.
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1  |  INTRODUC TION

Gestational diabetes mellitus (GDM) is one of the most common 
medical complications occurring during pregnancy. Its increasing fre-
quency and potentially adverse effects on pregnancy and the future 
health of both mother and child make it especially concerning.1 Since 
O'Sullivan et al.2 first described GDM almost 60 years ago, large- 
scale studies have continued to focus on diagnosis during weeks 
24– 28 of pregnancy. Controversy remains, however, as to which di-
agnosis to apply, especially before weeks 24– 28 of pregnancy.

Recommendations by the National Diabetes Data Group 
(NDDG),3 published in 1979 for the diagnosis of GDM before 24– 
28 weeks of pregnancy (early- onset GDM), include performing a 50- 
g, 1- hour glucose challenge test (O'Sullivan test) in pregnant women 
with risk factors at the first prenatal visit. In the case of a positive 
result, a 100- g, 3- hour oral glucose tolerance test (OGTT) would be 
performed. Two diagnostic criteria may be used for the 100- g OGTT: 
the NDDG criteria3 or the Carpenter- Coustan criteria.4

In 2010, the International Association of Diabetes and Pregnancy 
Study Groups (IADPSG)5 developed new diagnostic criteria based 
on the results of the prospective Hyperglycemia and Adverse 
Pregnancy Outcome (HAPO) study. The IADPSG proposed using a 
fasting plasma glucose (FPG) range of 92– 126 mg/dl during the first 
24 weeks of gestation to define early- onset GDM. This threshold is 
identical to that used after 24 weeks of pregnancy. For the diagnosis 
of overt diabetes, FPG values of 126 mg/dl and above, glycosylated 
hemoglobin 6.5% and above, or random plasma glucose 200 mg/dl 
and above plus a confirmation test could be used.

In 2011, the American Diabetes Association (ADA),6 the 
Endocrine Society,7 and WHO,8 in 2013, opted to refer to the 
IADPSG criteria for the diagnosis of GDM. Only 5 years later, in 
2016, the ADA10 accepted both the NDDG and the IADPSG criteria. 
However, the ADA does not recognize the concept of GDM before 
week 24 of pregnancy and it recommends testing women with risk 
factors for undiagnosed diabetes, overt diabetes, at the first prena-
tal visit, following the standard diagnostic criteria used for the gen-
eral population.11

The American College of Obstetricians and Gynecologists 
(AGOG)12 recommends the use of the NDDG criteria to diagnose 
GDM, although it accepts the use of the IADPSG criteria, and notes 
that “the best screening test for early- onset GDM (Early- GDM) or 
type 2 Diabetes in the first prenatal visit is not clear.”

The Spanish Diabetes and Pregnancy Study Group (SDPSG), 
based on the results of its own prospective study,13 has always main-
tained the recommendations of the NDDG.14

This succession of changes and diversity of criteria has led to 
increasing international confusion regarding the optimal strategies 
for the diagnosis of glucose intolerance, which reaches its maximum 
exponent during the initial weeks of pregnancy.

The aim of the present study was to analyze the effects of sub-
stituting the NDDG criteria with the IADPSG or ADA recommenda-
tions to diagnose Early- GDM or abnormal glucose tolerance (AGT) in 
the first trimester of pregnancy.

2  |  MATERIAL AND METHODS

The present multicenter, retrospective cohort study was car-
ried out in five university hospitals of the Spanish public health 
network. Medical records were reviewed to identify the first 
400 pregnant women (80 in each hospital) with GDM diagnosed 
before 12 weeks of pregnancy (Early- GDM), who gave birth 
between January 1, 2018, and December 31, 2019, in each of 
the five hospitals (Early- GDM group). For each eligible woman, 
the next two consecutive women with GDM diagnosed at 24– 
28 weeks of pregnancy (GDM group) and the next five pregnant 
women with normal glucose tolerance (Non- GDM group) were 
included. Thus, the study was carried out in a total of 3200 
pregnant women, 400 with GDM diagnosed in the first trimes-
ter (Early- GDM group), 800 with GDM (GDM group), and 2000 
women who showed normal glucose tolerance during pregnancy 
(Non- GDM group).

Pregnant women with Early- GDM, GDM, and non- GDM were 
diagnosed according to the NDDG criteria,3 using the two- step di-
agnostic test at the first prenatal visit (before 12 weeks) in pregnant 
women with risk factors for GDM, and universally, at 24– 28 weeks. 
Pregnant women with glucose values of 140 mg/dl and above on the 
O'Sullivan test underwent the 3- hour 100- g oral glucose tolerance 
test (OGTT). Women with two or more values above 105 mg/dl, 
190 mg/dl, 165 mg/dl, and 145 mg/dl after 0 m, 60, 120, and 180 min 
were considered to have Early- GDM or Late- GDM, depending on 
the time of diagnosis.

The control and treatment protocol for the management of 
GDM was in all cases the one recommended by the Spanish Group 
of Diabetes and Pregnancy (GEDE).14

The inclusion criteria were as follows: singleton pregnancy; de-
livery after 24 weeks of pregnancy; birth weight above 500 g; FPG 
value at first trimester (1 t- FPG); FPG value at 24– 28 weeks of preg-
nancy (2 t- FPG); and a recorded O'Sullivan test and OGTT values, 
when indicated. All patients with pregestational or overt diabetes 
(1 t- FPG ≥126 mg/dl) and/or incomplete or implausible data in cer-
tain fields were excluded.

The two subgroups below were considered.

2.1  |  Using the IADPSG criteria for the 
diagnosis of Early- GDM (fasting plasma glucose 1 t- 
FPG ≥92 mg/dl) versus the NDDG criteria

Women were categorized as follows: pregnant women with Early- 
GDM and 1 t- FPG below 92 mg/dl: Missed- Early- GDM group (M1); 
Pregnant women with GDM and 1 t- FPG 92 mg/dl and above: New- 
Early- GDM group (New1); and Pregnant women with Non- GDM 
and 1 t- FPG 92 mg/dl and above: New- Early- GDM group (New2) 
(Figure 1).

Maternal characteristics and perinatal outcomes were compared 
between the following groups: Missed Early- GDM versus Non- 
GDM; and New- Early GDM (New1 and New2) versus Early- GDM.
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2.2  |  Using the 2- hour 75- g OGTT 200 mg/dl or 
above for the diagnosis of abnormal glucose tolerance 
in the first trimester (1 t- AGT) according to the 
ADA criteria

According to the results obtained by Soonthornpun et al.,15 a blood 
glucose value in a 2- hour 100- g OGTT 214.07 mg/dl or higher is equiv-
alent to a blood glucose value of 200 mg/dl in a 2- hour 75- g OGTT. 
Thus 1 t- AGT was defined by a 2- hour 100- g OGTT 214.07 mg/dl or 
higher, according to the ADA criteria.11,15

The following subgroups were considered: pregnant women with 
early- onset GDM according to the NDDG and abnormal glucose tol-
erance according to the ADA; and pregnant women with early- onset 
GDM and abnormal glucose tolerance according to the ADA criteria 
(Missed Early- GDM group, M2) (Figure 1).

Maternal characteristics and perinatal outcomes were compared 
between the Missed- GDM (M2) group and Non- GDM.

2.3  |  Outcomes

The following maternal characteristics were assessed: age; body 
mass index (BMI, calculated as weight in kilograms divided by the 
square of height in meters); gestational weight gain; chronic hy-
pertension and pre- eclampsia, defined based on the criteria of the 
International Society for the Study of Hypertension in Pregnancy 

(ISSHP)16; 1 t- FPG and 2 t- FPG; and the need for insulin treatment 
(yes/no). Perinatal outcomes included pre- eclampsia, prematurity 
(pregnancy duration <37 weeks), mode of delivery (vaginal or ce-
sarean delivery), birth weight, APGAR score at the 1st and 5th 
minutes, pH level of umbilical artery, and admission to the neo-
natal intensive care unit (NICU). Birth weight was converted into 
a percentile using customized curves from the Spanish Singleton 
Pregnancy Guidelines.17 Infants were classified as large for ges-
tational age (LGA) or small for gestational age (SGA) if their birth 
weight was above or below the 90th or 10th percentile cut- offs, 
respectively. In addition, two composite variables were consid-
ered to analyze adverse perinatal outcomes: composite perinatal 
outcome 1, where at least one of the following perinatal outcomes 
occurred: pre- eclampsia, cesarean delivery, APGAR score below 
5 at the 1st and 5th minutes, admission to the NICU, or perinatal 
mortality; and composite perinatal outcome 2, where, in addition 
to a cesarean delivery, another of the following perinatal out-
comes occurred: pre- eclampsia, APGAR score below 7 at the 1st 
and 5th minutes, admission to the NICU, or perinatal mortality.

2.4  |  Ethics statement

The present study complied with the guidelines for human studies 
and was conducted ethically in accordance with the World Medical 
Association Declaration of Helsinki. It was accepted by the Ethical 

F I G U R E  1  Initial and final sample and groups and subgroups analyzed. Pregnant women with early- onset GDM (Early- GDM group), GDM 
diagnosed at 24– 28 weeks of pregnancy (GDM group), and with normal glucose tolerance during pregnancy (Non- GDM group), according to 
the NDDG3 criteria. Pregnant women with missed and new early- onset GDM according to the IADPSG5 criteria (1 t- FPG ≥92 mg/dl) (Missed-  
and New Early- GDM groups). Pregnant women with normal and abnormal glucose tolerance in the first trimester according to the ADA6,11 
criteria and early- onset GDM according to the NDDG.3 1 t- FPG, first trimester fasting plasma glucose; ADA, American Diabetes Association; 
AGT, abnormal glucose tolerance; GDM, gestational diabetes mellitus; IADPSG, International Association for Diabetes and Pregnancy Study 
Groups; NDDG, National Diabetes Data Group; NGT, normal glucose tolerance.

Ini�al sample 
N = 3200 

Early-GDM by NDDG 
N = 400 

Non-GDM by NDDG 
N = 2000 GDM by NDDG 

N = 800 

Early-GDM 
by NDDG 
N= 375 

Excluded 
25 (6.2%) Excluded 

87 (10.8%) 

Excluded 
242 (11.8%)

     GDM  
 by NDDG 

N = 713 
Non-GDM  
by NDDG 
N = 1808 

1t-FPG ≥92 mg/dL 
Early-GDM  

by both criteria 

 N = 144 (38.4%) 

1t-FPG <92 mg/dL 
Normal 

 (Missed Early-GDM) 
(M1) 

N = 231 (61.6%) 

By IADPSG 
criteria 

1t-FPG ≥92 mg/dL 
      Early-GDM 
  (New-Early-GDM)  
           (New1) 
    N = 185 (25.9%) 

1t-FPG <92 mg/dL 

Normal 

   N = 528 (74.1%) 

1t-FPG ≥92 mg/dL 
Early-GDM 

 (New-Early-GDM)
(New2) 

  N = 285 (15.7%) 

1t-FPG <92 mg/dL 

Normal 

   N = 1523 (84.3%) 

x 2 
x 5 

          1t-AGT  
   N = 153 (11.8%) 

         1t-NGT  
   N = 331 (88.2%) 

 By ADA 
  criteria 

By IADPSG 
criteria 

By IADPSG 
criteria 
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Committee of the Canary Islands University Hospital Complex with 
the code CHUC- 2021- 72, on July 30, 2021, as well as by the ethical 
committees of the other four participating hospitals. The confidenti-
ality of personal data was guaranteed, and given the characteristics 
of the study, informed consent was not required.

2.5  |  Statistical methods

The normality of the data was examined using histograms and the 
Kolmogorov– Smirnov test. Numerical data are expressed as the mean 
and standard deviation for parametric variables while qualitative vari-
ables are expressed as frequencies and percentages. The differences 
between the groups were studied using the Student t test. Proportions 
were compared by means of the χ2 test and the Fisher exact test when 
any of the expected values were below 5. Multivariate logistic regres-
sion analysis was used to compare adverse perinatal outcomes be-
tween groups adjusted for maternal characteristics. An alpha of 0.05 
was used as the cut- off for significance. For statistical analysis, SPSS 
version 25.0 (IBM, Armonk, NY, USA) was used.

3  |  RESULTS

The initial sample of 3200 patients consisted of 400 women with 
Early- GDM, 800 women with GDM, and 2000 women with Non- 
GDM. From this initial sample, 25 (6.2%), 87 (10.8%), and 105 (8.75%) 
women, respectively, were excluded due to incomplete or implausi-
ble data in certain fields. The final sample consisted of 2983 pregnant 
women: 375 with Early- GDM, 713 with Late- GDM, and 1895 with 
non- GDM, according to the NDDG criteria. Figure 1 presents both 
these groups and subgroups using the IADPSG and ADA criteria for 
early- onset GDM and abnormal glucose tolerance in the first trimes-
ter, respectively.

Maternal characteristics and perinatal outcomes of pregnant 
women with early- onset GDM and GDM, as well as with Non- GDM, 
are shown in Tables 1 and 2.

The 1 t- FPG, O'Sullivan test, and first trimester 3- hour 100- g 
OGTT values in the first trimester or at 24– 28 weeks for the Early- 
GDM or GDM groups, respectively, are shown in Table 3. Insulin re-
quirements were higher in the Early- GDM group than in the GDM 
group (50.5% vs 39.9%).

TA B L E  1  Maternal characteristics and perinatal outcomes in pregnant women with early- onset Gestational Diabetes Mellitus (Early- 
GDM group) and normal glucose tolerance (Non- GDM group) according to the National Diabetes Data Group (NDDG)3, and in women with 
early- onset GDM undiagnosed according to the International Association for Diabetes and Pregnancy Study group (IADPSG)5 criteria [first 
trimester fasting plasma glucose (1 t- FPG) ≥ 92 mg/dl)], (Missed- Early- GDM by IADPSG, M1 group)

Early- GDM Non- GDM P- value

1 t- FPG ≥92 mg/dl 1 t- FPG < 92 mg/dl Total

Total Missed Early- GDM 
by IADPSG M1 vs. 
Non- GDM

Early- GDM by NDDG 
and IADPSG

Missed- Early- GDM by 
IADPSG (M1)

N = 144 (38.4%) N = 231 (61.6%) N = 375 N = 1808

Maternal age (years)* 35.3 ± 4.5 35.2 ± 4.7 35.2 ± 4.6 30.1 ± 6.0 < 0.001

BMI (kg/m2)* 31.0 ± 6.7 28.5 ± 6.4 29.4 ± 6.6 25.7 ± 5.0 < 0.001

Parity >1 92 (64%) 120 (52%) 212 (57%) 793 (44%) 0.021

Chronic Hypertension 15 (10%) 20 (9%) 35 (9%) 22 (1%) < 0.001

Perinatal outcomes

Preeclampsia 9 (6%) 18 (8%) 27 (7%) 27 (2%) 0.038

Prematurity 19 (13%) 22 (10%) 41 (11%) 110 (6%) 0.030

Cesarean section 45 (31%) 69 (30%) 114 (31%) 234 (13%) < 0.001

LGA 28 (19%) 34 (15%) 62 (17%) 208 (12%) 0.294

SGA 13 (9%) 25 (11%) 38 (10%) 211 (12%) 0.999

APGAR test <7 at 11st m 12 (9%) 29 (13%) 41 (11%) 137 (8%) 0.088

APGAR test <7 at 5th 3 (2%) 1 (0.4%) 4 (1%) 31 (2%) 0.138

Umbilical artery pH <7 3 (3%) 2 (1%) 5 (2%) 28 (2%) 0.494

NICU admission 13 (9%) 35 (15%) 48 (13%) 141 (8%) 0.001

Composite outcome 1 60 (42%) 100 (43%) 160 (43%) 487 (27%) 0.002

Composite outcome 2 12 (8%) 28 (12%) 40 (11%) 53 (3%) <0.001

Note: Results are shown as frequency (%); and *, means ± SD. BMI. Body mass index; LGA, large for gestational age; SGA, small for gestational age; 
NICU, neonatal intensive care unit; Composite outcome 1 (at least one): Preeclampsia, cesarean section, APGAR <7 at 1st and 5th minute, NICU 
admission or perinatal mortality; Composite outcome 2: Cesarean delivery plus (at least one); Preeclampsia, A <7 at 1st and 5th minute, NICU 
admission or perinatal mortality.
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TA B L E  2  Fasting plasma glucose values in the first trimester (1 t- FPG), O'Sullivan test and 100- g oral glucose tolerance test (OGTT) 
values in the group of women with early- onset gestational diabetes mellitus (Early- GDM group) and gestational diabetes mellitus according 
to the National diabetes Data group (NDDG)3; and in the subgroups with 1 t- FPG < or ≥ 92 mg/dl (Missed and New- Early GDM groups 
according to the International association for Diabetes and Pregnancy Study Group (IADPSG)5 (M1 and New1, respectively)

Early- GDM GDM

1 t- FPG ≥92 mg/dl 1 t- FPG < 92 mg/dl Total 1 t- FPG ≥92 mg/dl 1 t- FPG < 92 mg/dl

Total

Early- GDM 
by NDDG and 
IADPSG

Missed- Early- GDM 
by IADPSG (M1)

New- Early- GDM 
by IADPSG (New1)

N = 144 (38.4%) N = 231 (61.6%) N = 375 N = 185 (25.9%) N = 528 (74.1%) N = 713

1 t- FPG 102.5 ± 8.37 82.7 ± 6.60 90.5 ± 12.18 91.2 ± 9.08 81.8 ± 9.15 84.3 ± 10.02

O'Sullivan test 188.6 ± 28.24 174.4 ± 21.57 179.8 ± 25.26 179.9 ± 22.38 170.1 ± 21.50 172.6 ± 22.13

OGTT (mg/dl)**

Basal 100.0 ± 10.84 83.8 ± 9.06 90.0 ± 12.57 92.1 ± 10.72 83.6 ± 10.51 85.8 ± 11.20

60 min 206.2 ± 26.23 196.0 ± 28.87 200.0 ± 28.29 198.1 ± 24.31 190.7 ± 24.37 192.6 ± 24.55

120 min 187.2 ± 22.68 186.2 ± 22.75 186.6 ± 24.73 182.8 ± 18.82 183.5 ± 19.44 183.3 ± 19.27

180 min 149.0 ± 33.31 152.2 ± 30.43 151.0 ± 31.56 144.0 ± 32.80 152.0 ± 26.39 149.9 ± 28.38

Insulin 
requirement

82 (56.9%) 107 (46.5%) 189 (50.5%) 68 (42.8%) 196 (39.0%) 264 (39.9%)

Note: Results are shown as frequency (%) and *, means ± SD. 1 t- FPG, fasting plasma glucose in the first trimester of pregnancy. ** OGTT, oral glucose 
tolerance test at diagnosis.

TA B L E  3  Maternal characteristics and perinatal outcomes in pregnant women with Gestational Diabetes (GDM group) and with early- 
onset Gestational Diabetes Mellitus (Early- GDM group), according to the National Diabetes Data Group (NDDG)3; and in women with GDM 
and early- onset GDM according to the International Association for Diabetes and Pregnancy Study Group (IADPSG) 5 criteria, first trimester 
fasting plasma glucose (1 t- FPG) ≥ 92 mg/dl, (New- Early- GDM group, New1)

GDM Early- GDM

1 t- FPG ≥92 mg/dl 1 t- FPG < 92 mg/dl

Total Total
New- Early GDM 
(New1) vs. Early- GDM

New- Early- GDM by 
IADPSG (New1)

N = 185 (25.9%) N = 528 (74.1%) N = 713 N = 375

Maternal age (years)* 34.0 ± 4.8 34.1 ± 5.1 34.1 ± 5.0 35.2 ± 4.6 0.004

BMI (kg/m2)* 28.7 ± 6.8 26.1 ± 5.6 26.8 ± 6.0 29.4 ± 6.6 0.208

Parity >1 101 (55%) 237 (45%) 338 (47%) 212 (57%) 0.718

Chronic Hypertension 17 (9%) 27 (5%) 44 (6%) 35 (9%) 0.860

Perinatal outcomes

Preeclampsia 16 (8%) 25 (5%) 41 (6%) 27 (7%) 0.253

Prematurity 23 (12%) 38 (7%) 61 (9%) 41 (11%) 0.418

Cesarean section 34 (18%) 135 (26%) 169 (24%) 114 (31%) 0.006

LGA 32 (17%) 75 (14%) 107 (15%) 62 (17%) 0.758

SGA 19 (10%) 57 (11%) 76 (11%) 38 (10%) 0.926

APGAR test <7 at 1st m 16 (9%) 36 (7%) 52 (8%) 41 (11%) 0.482

APGAR test <7 at 5th m 2 (1%) 8 (2%) 10 (1%) 4 (1%) 0.774

Umbilical artery pH ≤7 3 (2%) 5 (1%) 8 (2%) 5 (2%) 0.969

NICU admission 13 (7%) 46 (10%)) 59 (9%) 48 (13%) 0.041

Composite outcome 1 53 (29%) 194 (37%) 247 (35%) 160 (43%) 0.004

Composite outcome 2 14 (8%) 30 (6%) 44 (6%) 40 (11%) 0.354

Note: Results are shown as frequency (%); and *, means ± SD. BMI, body mass index. LGA, large for gestational age; SGA, small for gestational age; 
NICU, neonatal intensive care unit; Composite outcome 1 (at least one): Preeclampsia, cesarean section, APGAR <7 at 1st and 5th minute, NICU 
admission or perinatal mortality; Composite outcome 2: Cesarean delivery plus (at least one); Preeclampsia, APGAR <7 at 1st and 5th minute, NICU 
admission or perinatal mortality.
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3.1  |  Using the IADPSG criteria for the 
diagnosis of Early- GDM (fasting plasma glucose 1 t- 
FPG ≥92 mg/dl) versus the NDDG criteria

• Pregnant women with Early- GDM and 1 t- FPG below 92 mg/
dl: Missed- Early- GDM group: the rate of pregnant women with 
early- onset GDM and 1tFPG below 92 mg/dl (Missed- GDM 
group, M1) was 61.6%. Maternal age, BMI, pregnancy weight 
gain, parity, and rate of chronic hypertension were significantly 
higher in the Missed- Early- GDM group than in the Non- GDM 
group. After controlling for maternal characteristics, the rates of 
pre- eclampsia, prematurity, cesarean delivery, LGA newborn, ad-
mission to the NICU, and composite adverse outcomes were also 
significantly higher in the Missed- Early GDM group (Table 1).

• Pregnant women with GDM and 1 t- FPG at 92 mg/dl or below: 
New- Early- GDM group: the rate of women with GDM and 1 t- 
FPG at 92 mg/dl or less was 25.9% (New- Early- GDM group, New1). 
Maternal age and BMI were significantly lower in this group than 
in the Early- GDM group. The rate of cesarean delivery, admission 
to the NICU, and composite adverse outcomes were also lower 
in the New Early- GDM group versus the Early- GDM group, after 
controlling for maternal characteristics (Table 2).

• Pregnant women with Non- GDM and 1 t- FPG of 92 mg/dl or 
below: New- Early- GDM group: the rate of pregnant women with 
Non- GDM and 1 t- FPG of 92 mg/dl or less was 15.7% (New- 
Early- GDM group, New2). In this group, maternal age, BMI, and 
the rate of chronic hypertension were significantly lower than in 
the Early- GDM group according to the NDDG criteria. After con-
trolling for maternal characteristics, perinatal outcomes were sig-
nificantly worse in the Early- GDM group than in the New- Early 
GDM group. The rate of prematurity and cesarean delivery were 
5% and 13%, respectively, in the New- Early- GDM group versus 
11% and 31% in the Early- GDM (P < 0.027 and P < 0.001, respec-
tively) (Table 4).

3.2  |  Using the ADA criteria for the diagnosis of the 
1 t- AGT versus the NDDG criteria for the diagnosis of 
early- onset GDM

The rate of women with early- onset GDM according to the NDDG 
and normal glucose tolerance in the first trimester according to the 
ADA criteria (Missed Early- GDM, group, M2) was 88.2%. Maternal 

TA B L E  4  Maternal characteristics and perinatal outcomes in pregnant women with normal glucose tolerance during pregnancy according 
to the NDDG3 criteria (Non- GDM group) and Early- onset GDM according to the IADPSG5 criteria, first trimester fasting plasma glucose (1 t- 
FPG) ≥ 92 mg/dL, (New- Early GDM group, New2)

Non- GDM Early GDM P value

1 t- FPG ≥92 mg/dl 1 t- FPG < 92 mg/dl

Total Total
New- Early- GDM 
(New2) vs. Early- GDM

New- Early- GDM by 
IADPSG (N1)

Non- Early GDM by 
both criteria

n = 285 (15.7%) n = 1523 (84.3%) n = 1808 N = 375

Maternal age (years)* 30.7 ± 5.9 29.9 ± 6.0 30.1 ± 6.0 35.2 ± 4.6 < 0.001

BMI (kg/m2)* 27.3 ± 5.6 25.5 ± 4.8 25.7 ± 5.0 29.4 ± 6.6 < 0.001

Parity >1 146 (51%) 647 (43%) 793 (44%) 212 (57%) 0.181

Chronic Hypertension 6 (2%) 16 (1%) 22 (1%) 35 (9%) < 0.001

Perinatal outcomes

Preeclampsia 6 (2%) 21 (1%) 27 (2%) 27 (7%) 0.265

Prematurity 13 (5%) 97 (6%) 110 (6%) 41 (11%) 0.027

Cesarean section 37 (13%) 197 (13%) 234 (13%) 114 (31%) 0.001

LGA 38 (13%) 170 (11%) 208 (12%) 62 (17%) 0.869

SGA 34 (12%) 177 (12%) 211 (12%) 38 (10%) 0.730

APGA test <7 at 1st m 32 (11%) 105 (7%) 137 (8%) 41 (11%) 0.466

A test <7 at tth m 2 (1%) 29 (2%) 31 (2%) 4 (1%) 0.544

Umbilical artery pH <7 4 (1%) 24 (2%) 28 (2%) 5 (2%) 0.821

NICU admission 24 (8%) 117 (8%) 141 (8%) 48 (13%) 0.109

Composite outcome 1 86 (30%) 401 (26%) 487 (27%) 160 (43%) 0.168

Composite outcome 2 12 (4%) 41 (3%) 53 (3%) 40 (11%) 0.041

Note: Results are shown as frequency (%); and *, means ± SD. BMI. Body mass index; LGA, large for gestational age; SGA, small for gestational age; 
NICU, neonatal intensive care unit; Composite outcome 1 (at least one): Preeclampsia, cesarean section, APGAR <7 at 1st and 5th minute, NICU 
admission or perinatal mortality; Composite outcome 2: Cesarean delivery plus (at least one); Preeclampsia, APGAR <7 at 1st and 5th minute, NICU 
admission or perinatal mortality.
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age, BMI, parity, and the rate of chronic hypertension were higher 
than in the Missed- Early- GDM group than in the Non- GDM group 
according to the NDDG group. After controlling for maternal char-
acteristics, the rate of pre- eclampsia, prematurity, cesarean delivery, 
admission to the NICU, and composite adverse perinatal outcomes 1 
and 2 were also more frequent in the Missed- Early- GDM group than 
in the Non- GDM group (Table 5).

4  |  DISCUSSION

In the present study, 61.6% of women with early- onset GDM ac-
cording to the NDDG3 had a 1 t- FPG less than 92 mg/dL and would 
therefore go undiagnosed and be missed according to the IADPSG 
criteria.5 The rate of pre- eclampsia and composite adverse out-
comes multiplied by four and the rate of admission to the NICU was 
near double in women with missed early- onset GDM versus women 
with normal glucose tolerance.

On the other hand, 25.9% of women with GDM diagnosed at 24– 
28 weeks of pregnancy showed 1 t- FPG of ≥92 mg/dl or above and they 
would have been diagnosed with early- onset GDM using the IADPSG 
criteria.5 This percentage is very high, so it is important to highlight 
that although these pregnant women did not receive early treatment, 

perinatal outcomes were significantly better than those of women 
with early- onset GDM according to the NDDG recommendations.3

Finally, 15.7% of pregnant women with normal glucose toler-
ance according to the NDDG criteria had a 1 t- FPG of 92 mg/dl or 
above and were diagnosed with early- onset GDM according to the 
IADPSG. After controlling for maternal characteristics, no differ-
ences were found in perinatal outcomes between this New- Early- 
GDM group and the Non- GDM group. Therefore, the treatment of 
these new cases would not be justified.

The present results are similar to those of Hillier et al.18 They 
concluded in a recent clinical trial conducted on women with GDM 
diagnosed at 24– 28 weeks of pregnancy that, despite more diagno-
ses of GDM according to the IADPSG, as compared to the two- step 
approach recommended by the NDDG, no significant between- 
group differences were found in the risks of perinatal and maternal 
complications. Zhu et al.19 and Corado et al.20 observed that a 1 t- 
FPG value of 92 mg/dL or higher, may be considered a highly pre-
dictive risk factor for late GDM, but is not a diagnosis in itself. It 
is believed that there are no previous studies conducted in women 
with early- onset GDM.

The ADA6,11 recommends testing women with risk factors for 
type 2 diabetes at the first prenatal visit, following the standard 
diagnostic criteria used for the general population. Women with 

TA B L E  5  Maternal characteristics and perinatal outcomes in pregnant woman with early- onset Gestational Diabetes Mellitus (Early- 
GDM group) and normal glucose tolerance in pregnancy (Non- GDM group) according to the NDDG3; and in the tub groups of women with 
early- onset GDM and normal or abnormal glucose tolerance in the first trimester (1 t- Abnormal- GT and 1 t- Normal- GT), according to the 
American Diabetes Association (ADA)6,10 criteria

Early- GDM Non- GDM P- value

1 t- Abnormal- GT by ADA 1 t- Normal- GT by ADA Total

1 t- Normal GT by ADA vs. Non- GDMN = 44 (11.8%) N = 331 (88.2%) N = 1808

Maternal age (years)* 36.7 ± 4.5 35.0 ± 4.6 30.1 ± 6.0 <0.001

BMI (kg/m2)* 29.8 ± 6.7 29.4 ± 6.7 25.7 ± 5.0 <0.001

Parity >1 24 (55%) 188 (57%) 793 (44%) <0.001

Chronic Hypertension 4 (10%) 30 (9%) 22 (1%) <0.001

Perinatal outcomes

Preeclampsia 3 (7%) 14 (4%) 27 (2%) 0.091

Prematurity 9 (20%) 32 (10%) 110 (6%) 0.010

Cesarean section 13 (30%) 101 (31%) 234 (13%) <0.001

LGA 13 (30%) 49 (15%) 208 (12%) 0.232

SGA 2 (5%) 36 (11%) 211 (12%) 0.906

APGAR test at 1 m (≤ 7) 1 (2%) 40 (12%) 137 (8%) 0.145

APGAR test at 5 m (≤ 7) – 4 (1%) 31 (2%) 0.317

pH ≤7 – 5 (2%) 28 (2%) 0.926

NICU admission 6 (14%) 42 (13%) 141 (8%) 0.020

Composite outcome 1 18 (41%) 142 (43%) 487 (27%) 0.002

Composite outcome 2 4 (9%) 36 (11%) 53 (3%) <0.001

Note: Results are shown as frequency (%); and *, means ± SD. BMI, body mass index; LGA, large for gestational age; SGA, small for gestational age; 
NICU, neonatal intensive care unit; Composite outcome 1 (at least one): Preeclampsia, cesarean section, APGAR <7 at 1st and 5th minute, NICU 
admission or perinatal mortality; Composite outcome 2: Cesarean delivery plus (at least one); Preeclampsia, APGA <7 at 1st and 5th minute, NICU 
admission or perinatal mortality.
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AGT identified before week 24 of pregnancy will be diagnosed 
with overt diabetes. In the present study, considering the 2- hour 
75- g OGTT of 200 mg/dl or above for the diagnosis of AGT in the 
first trimester, according to the ADA criteria, 88.2% of women 
with Early- GDM according to the NDDG would not have been di-
agnosed and they would not have received early treatment. There 
is no evidence that the ADA criteria for the diagnosis of impaired 
glucose tolerance before 24 weeks of pregnancy are the most 
adequate.

The numerous hormonal and biochemical changes caused by 
pregnancy begin at the time of fertilization and the vulnerability of 
the embryo and fetus to biochemical changes in their environment 
is very high from the first weeks of pregnancy.21,22 However, so 
far, the benefits of treating pregnant women with GDM have been 
demonstrated in women with GDM diagnosed after 24– 28 weeks 
of pregnancy.23,24 Efforts to diagnose and treat GDM should focus 
on the first trimester rather than on the second, when more than 
two- thirds of the pregnancy has elapsed and treatment possibil-
ities are limited to a few weeks. By 24– 28 weeks of pregnancy, 
maternal glucose intolerance may have already caused permanent 
structural and metabolic changes, thereby predisposing the chil-
dren and their offspring to mental, cardiovascular, and metabolic 
and endocrine diseases throughout their life.25,26 At 24– 28 weeks 
of pregnancy, only less severe cases of glucose intolerance should 
be rescued.

The present study has some limitations: its retrospective design 
and pregnant women with early- onset GDM received early treat-
ment. The study also has strengths: it addresses understudied as-
pects of a diagnosis of early- onset GDM and only includes pregnant 
women with known 1 t- FPG, O'Sullivan test score, and all OGTT 
glucose values.

Until prospective, randomized studies are available to demon-
strate the best procedure to diagnose glucose intolerance in the first 
weeks of pregnancy, the substitution of the NDDG recommenda-
tions for the diagnosis of Early- GDM with the IADPSG or ADA cri-
teria, could potentially deprive more than 61% or 88.2% of women, 
respectively, with early- onset GDM and high risk of adverse perina-
tal outcomes of early treatment.
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