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Purpose: This study explores the impact of gestational diabetes mellitus (GDM) subtypes classified by oral glucose tolerance test 
(OGTT) values on maternal and perinatal outcomes.
Patients and Methods: This multicenter prospective cohort study (May 2019–December 2022) included participants from the 
Mexican multicenter cohort study Cuido mi Embarazo (CME). Women were classified into four groups per 75-g 2-h OGTT: 1) normal 
glucose tolerance (normal OGTT), 2) GDM-Sensitivity (isolated abnormal fasting or abnormal fasting in combination with 1-h or 
2-h abnormal results), 3) GDM-Secretion (isolated abnormal values at 1-h or 2-h or their combination), and 4) GDM-Mixed (three 
abnormal values). Cesarean delivery, neonates large for gestational age (LGA), and pre-term birth rates were among the outcomes 
compared. Between-group comparisons were analyzed using either the t-test, chi-square test, or Fisher’s exact test.
Results: Of 2,056 Mexican pregnant women in the CME cohort, 294 (14.3%) had GDM; 53.7%, 34.4%, and 11.9% were classified as 
GDM-Sensitivity, GDM-Secretion, and GDM-Mixed subtypes, respectively. Women with GDM were older (p = 0.0001) and more 
often multiparous (p = 0.119) vs without GDM. Cesarean delivery (63.3%; p = 0.02) and neonate LGA (10.7%; p = 0.078) were higher 
in the GDM-Mixed group than the overall GDM group (55.6% and 8.4%, respectively). Pre-term birth was more common in the 
GDM-Sensitivity group than in the overall GDM group (10.2% vs 8.5%, respectively; p=0.022). At 6 months postpartum, prediabetes 
was more frequent in the GDM-Sensitivity group than in the overall GDM group (31.6% vs 25.5%). Type 2 diabetes was more 
common in the GDM-Mixed group than in the overall GDM group (10.0% vs 3.3%).
Conclusion: GDM subtypes effectively stratified maternal and perinatal risks. GDM-Mixed subtype increased the risk of cesarean 
delivery, LGA, and type 2 diabetes postpartum. GDM subtypes may help personalize clinical interventions and optimize maternal and 
perinatal outcomes.
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Introduction
Gestational diabetes mellitus (GDM) is a heterogeneous disease that is identified during pregnancy. It is associated with 
multiple physiologic changes, including alterations to glucose metabolism, adverse maternal–perinatal outcomes, and 
long-term cardiometabolic consequences.1,2 According to the Diabetes Atlas published by the International Diabetes 
Federation, the estimated global prevalence of GDM in 2021 was 16.7%, affecting an estimated 21 million births. 
Notably, the region encompassing North America and the Caribbean demonstrated a higher GDM prevalence of 20.7%, 
impacting approximately 1.3 million births.3 In Mexico, the prevalence of GDM has been reported to be between 10%– 
12%,4 and the multicenter cohort study Cuido mi Embarazo (CME) conducted in Mexico identified a GDM prevalence 
of 14%.5

At present, the clinical management of GDM follows a uniform approach for all diagnosed women, which involves 
the use of medication and behavioral therapy.3,6,7 However, different cases of GDM exhibit distinct phenotypes, 
characteristics, and associated risk factors, warranting more personalized management. Three subtypes of GDM can be 
defined based on the insulin defect involved.8 “GDM-Sensitivity” may be characterized by an insulin sensitivity defect, 
“GDM-Secretion” may be characterized as beta cell dysfunction or a defect in insulin secretion, and “GDM-Mixed” 
involves both a defect in insulin sensitivity and a defect in insulin secretion or beta cell dysfunction. Insulin sensitivity 
defects are associated with an increased risk of fetal overgrowth and GDM-associated adverse outcomes.9 Moreover, in 
GDM-Secretion, insulin secretion defects are often associated with an increased risk of hypoglycemia and the potential 
for future development of type 2 diabetes.10

A favored approach to subclassifying women with GDM involves phenotyping based on three serum glucose 
concentrations measured using the 2-h 75-g oral glucose tolerance test (OGTT) conducted between 24 and 28 gestational 
weeks.9,11 The GDM-Sensitivity phenotype presents elevated fasting glucose concentrations, the GDM-Secretion phe-
notype presents elevated glucose concentrations at 1 and/or 2 h post-load, and the GDM-Mixed phenotype presents both 
elevated fasting and 2-h post-load glucose concentrations. These manifestations reflect the underlying deterioration in 
glucose metabolism. The frequency of each GDM subtype is similar across different studies, with GDM-Sensitivity being 
the most frequent (48–51%), followed by GDM-Secretion (26–30%) and GDM-Mixed (17–20%).8,11

Previous studies have used biomarkers to classify GDM into subtypes, such as homeostatic model assessment based 
on fasting glucose and insulin measures, the Matsuda insulin sensitivity index, and genotyping biomarkers.12,13 

Regardless of the method used, these studies have consistently identified similar groups in terms of the underlying 
pathways and distribution prevalence. Women with an insulin sensitivity defect (GDM-Sensitivity) often share pheno-
typic characteristics with those diagnosed with type 2 diabetes, particularly those with severe insulin-resistant diabetes. 
These phenotypic characteristics are related to overweight or obesity, altered lipid profiles (hypertriglyceridemia), family 
history of type 2 diabetes, and fasting hyperglycemia.14 Women with an insulin sensitivity defect have also shown 
a higher incidence of delivering newborns that are considered large for their gestational age, as well as pregnancy-related 
hypertension, but not higher cesarean delivery rates.15–17 These subtype assessments could facilitate the use of different 
treatment and monitoring strategies in precision medicine for GDM.

It has been observed that certain metabolic defects may occur after delivery in patients with GDM. For example, there 
is an elevated risk of developing prediabetes or type 2 diabetes within the first year postpartum. This risk also varies 
according to the GDM subtype, highlighting the importance of diabetes reclassification at 3–12 months postpartum.13,18

To our knowledge, no studies have been conducted on GDM subtypes in pregnant Mexican women. In this study, we 
aimed to assess the impact of GDM subtypes based on the results of the OGTT on maternal and perinatal outcomes.

Material and Methods
Study Population
The CME cohort was assessed as part of a prospective multicenter pregnancy study conducted in Mexico, which has been 
registered with the Research Registry (researchregistry7405).5 The study was performed in accordance with the 
principles of the Declaration of Helsinki. The study protocol was approved by the Research and Ethics Committees of 
the Secretary of Health of Hidalgo State (date: September 28, 2018; approval number: FSSA2018076) and the Secretary 
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of Health of Guanajuato State (date: February 04, 2020; approval number: CONBIOETICA-11-CEI-003-20,190,704), 
and all participants provided written informed consent. Patients were recruited between May 2019 and December 2022 
from six primary healthcare centers in three Mexican states: Hidalgo, Guanajuato, and Mexico City. Other studies using 
the data from the CME cohort study have been published previously.19–24 We analyzed the 2-h 75-g OGTT results of 
2056 Mexican pregnant women between 24 and 28 weeks of gestation, without a prior diagnosis of type 2 diabetes, from 
the CME cohort study.

Data Collection and Laboratory Assessments
Data on sociodemographic characteristics, medical history, pre-gestational body mass index (BMI), regular antenatal 
visits, laboratory and ultrasound results, pregnancy resolution, and management of self-monitoring for GDM were 
collected and managed using REDCap electronic data capture tools.25

In accordance with the criteria set by the International Association of the Diabetes and Pregnancy Study Groups 
(IADPSG), patients at 24–28 weeks of gestation underwent a standard 2-h 75-g OGTT in the morning after an overnight 
fast lasting for at least 8 h.1 Antenatal medical attention was provided to all pregnant women according to the Mexican 
Official Norm: NOM-007-SSA2-2016,26 ensuring regular visits, maternal weight measurement, blood pressure monitor-
ing, identification of pregnancy alarm signs, and collection of urine test strips for rapid testing.

Metabolic Postpartum Reclassification
All women with GDM were recommended to undergo metabolic reclassification at 6–12 weeks postpartum to screen for 
prediabetes or new-onset type 2 diabetes according to the 75-g OGTT results spanning a 2-h interval. The reclassification 
encompassed three possible scenarios: normoglycemia, prediabetes, and type 2 diabetes. For normoglycemia, the fasting 
glucose concentration should fall to <100 mg/dL (5.6 mmol/L), and the 2-h post-load glucose concentration should be 
<140 mg/dL (<7.8 mmol/L). Prediabetes was defined by a fasting glucose concentration ranging between 100 mg/dL (5.6 
mmol/L) and 125 mg/dL (6.9 mmol/L), and/or a 2-h post-load concentration between 140 mg/dL (7.8 mmol/L) and 
199 mg/dL (11.1 mmol/L). A diagnosis of type 2 diabetes was made if the fasting glucose concentration was ≥126 mg/dL 
(≥7.0 mmol/L) and/or the 2-h post-load concentration was >200 mg/dL (11.1 mmol/L).

In situations where a woman did not seek consultation between 6 and 12 weeks post-pregnancy, the reclassification 
was performed between 13 weeks to 1 year after delivery. This reclassification utilizes either the fasting glucose 
concentration or hemoglobin A1c measurements. Hemoglobin A1c-based reclassification specifies that a value of 
<5.7% is considered normal, prediabetes is classified between 5.7% and 6.4%, and ≥6.5% warrants a diagnosis of 
type 2 diabetes.27

Definitions
GDM was diagnosed following the IADPSG and American Diabetes Association criteria. According to these criteria, 
a diagnosis was established if any single plasma glucose measurement met or exceeded the following thresholds 
during the OGTT: fasting ≥92 mg/dL (5.1 mmol/L); 1-h ≥180 mg/dL (10.0 mmol/L); and 2-h ≥153 mg/dL (8.5 
mmol/L).1,3

Based on the OGTT results, women diagnosed with GDM were classified into four distinct GDM subtypes; 1) normal 
glucose tolerance (normal OGTT values), 2) GDM-Sensitivity (elevated fasting blood glucose [first], whether this was 
the sole altered concentration or combined with 1-h [second] or 2-h [third] post-load glucose elevation [1, 1–2, 1–3]); 3) 
GDM-Secretion (elevated 1- and/or 2-h post-load glucose concentrations [2, 3, 2–3], with a normal fasting glucose 
concentration); and 4) GDM-Mixed (when all three glucose concentrations [fasting and two post-load concentrations] 
were elevated [1-2-3]).9

Macrosomia was established in neonates with a birth weight of ≥4,000 g. Women were considered multiparous if they 
had completed two or more deliveries. Small for gestational age (SGA) was defined as live births weighing less than the 
10th percentile compared with infants of the same gestational age and sex. Large for gestational age (LGA) was defined 
as live births weighing more than the 90th percentile compared with infants of the same gestational age and sex.28
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Statistical Analysis
Patients’ characteristics and biomarkers were compared between the GDM subtypes and the non-GDM group. 
Continuous variables were presented as the mean ± standard deviation, and categorical variables were presented as 
frequency (%).

Patients’ characteristics were compared between the non-GDM and the GDM groups, as well as among the GDM 
subtypes, using the t-test or analysis of variance for continuous variables and the chi-square test for categorical variables. 
Bonferroni-adjusted p values were generated for these pairwise comparisons. Fisher’s exact test was used to compare 
categorical pregnancy and perinatal outcome variables among the GDM subtypes. The linear regression model was used 
to examine the effect of the fasting glucose concentration on the 1-h post-load glucose concentration, and the effect of the 
1-h post-load glucose concentration on the 2-h post-load glucose concentration measured with the OGTT according to the 
GDM subtypes. The data were analyzed using STATA software, version 17.0 (College Station, TX, USA).

Results
Baseline Characteristics According to GDM Diagnoses and Subtypes
Of the 2056 Mexican pregnant women in the CME cohort, the overall prevalence of GDM was 14.3%. Based on the 
OGTT results, 158 women were classified as GDM-Sensitivity (53.7%), 101 as GDM-Secretion (34.4%), and 35 as 
GDM-Mixed (11.9%). A scatter plot of the total fasting serum glucose and 1-h post-load glucose concentrations at the 
time of OGTT revealed a distribution pattern within each quadrant, which was used to identify the subtypes (Figure 1).

In general, women with GDM were older than women without GDM (28.7 ± 6.5 vs 25.2 ± 6.1 years, p = 0.0001), and 
women with GDM-Mixed were the oldest (31.1 ± 6.5 years, p = 0.001). Women with GDM were more often multiparous 
(14.4% vs 11.2%, p = 0.119) and more frequently had a family history of type 2 diabetes (44.0% vs 25.2%, p = 0.0001) 
than women without GDM. In terms of education, no significant differences were found between the GDM and non- 
GDM groups. In the GDM group, 50.3% had at least basic education, and 32.6% were educated to high school level. 
Around 16% reported having higher education, and 1.0% had no education. Family history of type 2 diabetes was most 
prevalent in the GDM-Secretion group (51.0%, p = 0.0001). Regarding pre-gestational BMI, women with GDM had 
a higher prevalence of overweight or obesity before pregnancy than women without GDM (37.9% vs 30.9% and 30.0% 

Figure 1 Distribution of fasting and 1-h post-load glucose concentrations in the non-GDM and GDM groups by subtype. The distribution of fasting plasma glucose (x-axis) 
and 1-h post-load glucose (y-axis) concentrations during the oral glucose tolerance test for each pregnant woman is shown. Each symbol represents an individual woman, 
with different symbols or colors indicating GDM subtypes and non-GDM. The dotted lines indicate the cut-off point for the diagnosis of GDM according to the American 
Diabetes Association standard. Any significant trends in the findings shown in the figure (eg, a higher proportion of GDM women above the cut-off point) are also noted. 
Abbreviations: GDM, gestational diabetes mellitus.
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vs 15.0%, respectively, p = 0.0001). However, a higher prevalence of overweight was observed in the GDM-Sensitivity 
(37.0%) and GDM-Secretion (43.6%) groups than in the GDM-Mixed group (25.7%) (p = 0.0001), and a higher 
prevalence of obesity was observed in women with GDM-Mixed (42.9%, p = 0.001) than in the other two GDM 
subtypes (Table 1).

Glucose metabolism can be assessed through all three concentrations of the OGTT (fasting, 1-h, and 
2-h concentrations) among the GDM subtypes. The GDM-Sensitivity subtype was characterized by an elevated fasting 
glucose concentration (97.3 ± 6.0 mg/dL [5.4 ± 0.3 mmol/L]) compared with the GDM-Secretion subtype. Conversely, 
the GDM-Secretion subtype showed elevated 1-h and 2-h post-load glucose concentrations (178.9 ± 25.1 mg/dL [9.9 ± 
1.4 mmol/L] and 147.0 ± 27.3 mg/dL [8.2 ± 1.5 mmol/L], respectively) when compared with the GDM-Sensitivity 
subtype. Women with the GDM-Mixed subtype demonstrated higher glucose concentrations, both fasting and post-load, 
than the other GDM subtypes (fasting: 103.9 ± 8.2 mg/dL [5.8 ± 0.5 mmol/L]; 1-h: 214.2 ± 18.6 mg/dL [11.9 ± 1.0 
mmol/L]; 2-h: 189.8 ± 26.5 mg/dL [10.5 ± 1.5 mmol/L]; p = 0.0001).

Table 1 Comparison of Demographic and Clinical Characteristics Among the Non-GDM, GDM, and GDM Subtype Groups

Characteristic Non-GDM 
(n = 1762)

GDM 
(n = 294)

p value GDM- 
Sensitivity 

n = 158

p value GDM- 
Secretion 
n = 101

p value GDM- 
Mixed  
n = 35

p value

Age (years) 25.2 ± 6.1 28.7 ± 6.5 0.0001 27.7 ± 6.5 0.0001 29.4 ± 6.3 0.0001 31.1 ± 6.5 0.0001

Education

No education 12 (0.7) 3 (1.0) 0.785 3 (1.9) 0.363 0 0.370 0 0.767

Basic 900 (51.3) 148 (50.3) 84 (53.2) 47 (46.5) 17 (48.6)

Middle 594 (33.8) 96 (32.6) 51 (32.3) 34 (33.7) 11 (31.4)

Superior 250 (14.2) 47 (16.0) 20 (12.7) 20 (19.8) 7 (20)

Multiparous 194 (11.2) 42 (14.4) 0.119 23 (14.6) 0.196 18 (18.0) 0.039 1 (2.9) 0.118

Family history of type 2 
diabetes

441 (25.2) 129 (44.0) 0.0001 63 (39.9) 0.0001 51 (51.0) 0.0001 15 (42.9) 0.017

Pre-gestational BMI

Underweight 88 (5.04) 3 (1.02) 0.0001 3 (1.9) 0.0001 0 0.0001 0 0.0001

Healthy weight 857 (49.1) 91 (31.1) 50 (31.8) 33 (32.7) 11 (31.4)

Overweight 539 (30.9) 111 (37.9) 58 (37.0) 44 (43.6) 9 (25.7)

Obesity 262 (15.0) 88 (30.0) 49 (31.2) 24 (23.8) 15 (42.9)

Fasting glucose 
OGTT, mg/dL (mmol/L)

77.0 ± 6.7 
(4.3 ± 0.4)

93.1 ± 10.0 
(5.2 ± 0.6)

0.0001 97.3 ± 6.0  
(5.4 ± 0.3)

0.0001 82.7 ± 5.8  
(4.6 ± 0.3)

0.0001 103.9 ± 8.2 
(5.8 ± 0.5)

0.0001

1-h post-load glucose 
OGTT, mg/dL (mmol/L)

115.3 ± 27.5 
(6.4 ± 1.5)

168.5 ± 35.8 
(9.4 ± 2.0)

0.0001 150.7 ± 32.9 
(8.4 ± 1.8)

0.0001 178.9 ± 25.1 
(9.9 ± 1.4)

0.0001 214.2 ± 18.6 
(11.9 ± 1.0)

0.0001

2-h post-load glucose 
OGTT, mg/dL (mmol/L)

99.4 ± 19.5 
(5.5 ± 1.1)

138.9 ± 32.9 
(7.7 ± 1.8)

0.0001 121.5 ± 21.5 
(6.8 ± 1.2)

0.0001 147.0 ± 27.3 
(8.2 ± 1.5)

0.0001 189.8 ± 26.5 
(10.5 ± 1.5)

0.0001

Total cholesterol 1st T, mg/ 
dL (mmol/L)

170.2 ± 35.8 
(4.4 ± 0.9)

178.0 ± 38.2 
(4.6 ± 1.0)

0.034 175.9 ± 37.3 
(4.6 ± 1.0)

1.00 179.0 ± 37.5 
(4.6 ± 1.0)

0.869 186.8 ± 47.7 
(4.8 ± 1.2)

0.794

Triglyceride 1st T, mg/dL 
(mmol/L)

128.2 ± 53.7 
(1.5 ± 0.6)

145.3 ± 50.4 
(1.6 ± 0.6)

0.003 143.6 ± 51.6 
(1.6 ± 0.6)

0.24 148.5 ± 46.1 
(1.7 ± 0.5)

0.151 142.2 ± 62.1 
(1.6 ± 0.7)

1.00

Total cholesterol 2nd 

T, mg/dL (mmol/L)
213.2 ± 85.6 
(5.5 ± 2.2)

214.8 ± 42.0 
(5.6 ± 1.1)

0.854 220.8 ± 46.7 
(5.7 ± 1.2)

1.00 212.4 ± 33.2 
(5.5 ± 0.9)

1.00 195.7 ± 38.9 
(5.1 ± 1.0)

1.00

Triglyceride 2nd T, mg/dL 
(mmol/L)

174.2 ± 66.3 
(2.0 ± 0.8)

210.6 ± 77.8 
(2.4 ± 0.9)

0.0001 222.9 ± 89.9 
(2.5 ± 1.0)

0.0001 196.9 ± 61.2 
(2.2 ± 0.7)

0.264 194.4 ± 50.3 
(2.2 ± 0.6)

1.00

Notes: All values are presented as the mean ± standard deviation for continuous variables and as number (%) for categorical variables. Differences among the five groups 
(non-GDM [reference group], women with GDM, and the three GDM subtypes) were identified using the t-test or analysis of variance for continuous variables, and the chi- 
square Pearson test for categorical variables. Bonferroni-adjusted p values are given for the pairwise comparisons. Definitions: Education was defined according to the 
number of years of education: basic (6–9 years), middle (10–12 years), or superior (>12 years). 
Abbreviations: BMI, body mass index; GDM, gestational diabetes mellitus; OGTT, oral glucose tolerance test; T, pregnancy trimester.
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We measured the total cholesterol (TC) concentration in 726 women (non-GDM: n = 612/GDM: n = 114) and 
the triglyceride (TG) concentration in 636 women (non-GDM: n = 533/GDM: n = 103) in the first trimester of 
pregnancy. In the second trimester, the TC concentration was measured in 792 women (non-GDM: n = 671/GDM: 
n = 121) and the TG concentration in 736 women (non-GDM: n = 623/GDM: n = 113). Women with GDM had 
higher TC and TG concentrations than women classed as non-GDM in the first trimester (TC: 178.0 ± 38.2 mg/dL 
[4.6 ± 1.0 mmol/L], p = 0.034; TG: 145.3 ± 50.4 mg/dL [1.6 ± 0.6 mmol/L], p = 0.003), as well as a higher TG 
concentration in the second trimester (TG: 210.6 ± 77.8 mg/dL [2.4 ± 0.9 mmol/L], p = 0.0001). The most 
significant increase in serum TG concentration from the first trimester to the second trimester was observed for 
the GDM-Sensitivity subtype (143.6 ± 51.6 mg/dL [1.6 ± 0.6 mmol/L] to 222.9 ± 89.9 mg/dL [2.5 ± 1.0 mmol/L], 
p = 0.0001), demonstrating the adverse metabolic profile of this subtype (Table 1).

We analyzed the glucose kinetics for each GDM subtype during the OGTT. Regarding the relationship between 
fasting serum glucose and 1-h post-load serum glucose (Figure 2A), the strongest positive correlation was 
observed in women with GDM-Sensitivity (b = 1.31, p = 0.02), followed by women with GDM-Secretion (b = 
0.99, p = 0.02). In contrast, the correlation between the 1-hpost-load serum glucose and the 2-h post-load serum 
glucose (Figure 2B) remained positive for the GDM-Sensitivity subtype, albeit less pronounced (b = 0.25, p = 
0.001). In contrast, the correlation in the GDM-Secretion subtype was negative (b = −0.33, p = 0.002). In the 
GDM-Mixed subtype, a positive correlation was observed between the 1-h post-load glucose and the 2-h post-load 
glucose (b = 0.61, p = 0.01), and this group tended to have higher glucose concentrations for the three 
measurements of the OGTT (Figure 2B).

Delivery and Perinatal Outcomes
At the time of this analysis, we had obtained data from 78.7% of mother-child binomials in our active cohort, including 
77.8% without GDM and 85.0% with GDM (Table 2).

The prevalence of cesarean delivery was higher in women with GDM (55.6%) than in women classified as non-GDM 
(p = 0.0001), and higher still in women with GDM-Secretion and GDM-Mixed (60.6% and 63.3%, respectively).

We analyzed data from 1620 newborns, focusing on gestational age, SGA, LGA, and macrosomic outcomes. In 
the context of gestational age, both pre-term and post-term births were more prevalent in the GDM group than in 
the non-GDM group. Specifically, pre-term births accounted for 8.5% of the GDM group and 4.7% of the non- 
GDM group (p = 0.003), while post-term births accounted for 2.0% of the GDM group and 0.6% of the non-GDM 
group (p = 0.003). When analyzed by GDM subtype, the highest prevalence of pre-term birth was observed in the 
GDM-Sensitivity group (10.2%, p = 0.022), while the highest prevalence of post-term birth was observed in the 
GDM-Mixed group (7.1%, p = 0.0001). The prevalence of SGA was 11.9%–16.7%, with no significant differences 
observed among the three GDM subtypes. The prevalence of newborns with LGA was higher in the group with 
GDM (8.4%) than in the non-GDM group (4.0%) (p = 0.003), particularly among those with GDM-Mixed (10.7%, 
p = 0.078) compared with the other GDM subtypes. The prevalence of macrosomia was 2.4% in the GDM group 
and 0.9% in the non-GDM group (p = 0.050).

Postpartum Reclassification
For GDM postpartum reclassification, we analyzed the postpartum OGTT results of 62.6% (184 of 294) of women with 
GDM during the cohort follow-up. The prevalence of prediabetes was 25.5%, and the diagnosis of type 2 diabetes de 
novo was 3.3%. Interesting patterns were observed in the diagnosis reclassification according to GDM subtype. The 
highest prevalence of transition to normal glucose metabolism was seen in women with GDM-Secretion (81.2%), 
whereas 31.6% of women with GDM-Sensitivity remained with prediabetes. However, the most concerning outcome 
was observed in women with GDM-Mixed, who had the highest prevalence of reclassification to type 2 diabetes (10.0%, 
p = 0.197) (Table 3).
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Figure 2 Relationship of fasting and post-load glucose concentrations among the GDM subtypes.The glucose kinetics for each GDM subtype during the oral glucose 
tolerance test are shown. Each symbol represents an individual woman, with different symbols or colors indicating different GDM subtypes. (A) shows the effect of fasting 
plasma glucose on 1-h post-load glucose within each GDM subtype. (B) shows the effect of 1-h post-load glucose on 2-h post-load glucose within each GDM subtype. The 
respective linear regression coefficients are shown, indicating the strength and direction of the relationship between the glucose concentrations, with p values shown in 
parentheses. Any significant trends in the findings shown in the figure (eg, a stronger relationship in certain GDM subtypes) are also highlighted. 
Abbreviations: GDM, gestational diabetes mellitus.
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Discussion
In this study, we identified the incidence of GDM subtypes according to abnormal results of OGTT among pregnant 
Mexican women. We observed higher rates of cesarean delivery and LGA neonates in women classified as GDM-Mixed 
than in the overall GDM group. Pre-term birth was more common in women classified as GDM-Sensitivity than in the 
overall GDM group. At 6 weeks postpartum, prediabetes was more frequent in the GDM-Sensitivity group than in the 
overall GDM group, whereas type 2 diabetes was more common in the GDM-Mixed group than in the overall GDM 
group.

More than half of the 294 women with GDM had an insulin sensitivity defect (53.7%), while 34.4% had an insulin 
secretion defect (GDM-Secretion). This prevalence distribution is similar to that reported by Powe et al8 in US women 
and by Retnakaran et al13 in Canadian women. However, we found a lower prevalence of both insulin defects (GDM- 
Mixed: 11.9%) than that reported by Kotzaeridi et al11 in women from Vienna and by Layton et al16 from the Gen3G 
cohort from Canada. The high proportion of GDM diagnoses with normal fasting glucose concentrations (GDM- 
Secretion 34.4%) underscores the importance of offering a complete OGTT with fasting, 1-h post-load, and 2-h post- 
load glucose concentration measurements.

By identifying these GDM subtypes, we observed differences in clinical risk characteristics, such as older age and 
family history of type 2 diabetes. Furthermore, pre-gestational BMI, which is often used as a proxy of metabolic status 
before pregnancy, was higher in women with GDM-Sensitivity and GDM-Mixed, showing a higher prevalence of 

Table 2 Comparison of Perinatal Outcomes Among the Non-GDM, GDM, and GDM Subtype Groups

Newborn (n = 1620) Non 
GDM  

n = 1370

GDM  
n = 250

p value GDM- 
Sensitivity  

n = 138

p value GDM- 
Secretion  

n = 84

p value GDM-Mixed 
n = 28

p value

Delivery type

Vaginal 876 (58.7) 120 (44.1) 0.0001 72 (48.7) 0.02 37 (39.4) 0.0001 11 (36.7) 0.02

Cesarean 617 (41.3) 152 (55.6) 76 (51.4) 57 (60.6) 19 (63.3)

Term newborn 1285 (95) 222 (89.6) 0.003 122 (89) 0.022 75 (90.4) 0.086 25 (89.3) 0.0001

Pre-term newborn 64 (4.7) 21 (8.5) 14 (10.2) 6 (7.2) 1 (3.6)

Post-term newborn 8 (0.6) 5 (2.0) 1 (0.7) 2 (2.4) 2 (7.1)

Small for gestational age 214 (15.6) 37 (14.8) 0.742 23 (16.7) 0.748 10 (11.9) 0.360 4 (14.3) 0.847

Large for gestational age 55 (4.0) 21 (8.4) 0.003 11 (8.0) 0.030 7 (8.3) 0.057 3 (10.7) 0.078

Macrosomic 13 (0.9) 6 (2.4) 0.050 4 (2.9) 0.039 1 (1.2) 0.826 1 (3.6) 0.168

Notes: All values are presented as the mean ± standard deviation for continuous variables and as number (%) for categorical variables. Differences among the non-GDM 
group (reference group), the GDM group, and the three GDM subtypes were identified using the chi-square Pearson test for categorical variables. Definitions: Pre-term (<37 
gestational weeks); post-term (>41 gestational weeks), small for gestational age (live births weighing less than the 10th percentile compared with infants of the same 
gestational age and sex), large for gestational age (live births weighing more than the 90th percentile compared with infants of the same gestational age and sex), macrosomic 
(weighing ≥4000 g). 
Abbreviation: GDM, gestational diabetes mellitus.

Table 3 Postpartum Reclassification of GDM

Non GDM 
n = 0

GDM  
n = 184

p value GDM- 
Sensitivity  

n = 95

p value GDM- 
Secretion  

n = 69

p value GDM-Mixed 
n = 20

p value

Normal – 131 (71.2) – 62 (65.2) 0.151 56 (81.2) 0.063 13 (65.0) 0.197

Prediabetes – 47 (25.5) 30 (31.6) 12 (17.4) 5 (25.0)

Type 2 
diabetes

– 6 (3.3) 3 (3.2) 1 (1.5) 2 (10.0)

Notes: Differences among the non-GDM group (reference group), the GDM group, and the three GDM subtypes were identified using the chi-square Pearson test. 
Abbreviations: GDM, gestational diabetes mellitus. The p-values was calculated using the chi-square Pearson test for categorical variables comparing with the other GDM 
groups.
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overweight and obesity. This finding aligns with those of Li et al and Wang et al29–31 who reported that women with 
GDM-Dysfunction had higher pre-gestational BMI values and a higher risk of giving birth to an infant with macrosomia 
or an infant considered LGA. Powe et al8 presented a genotype-based approach to identify GDM subtypes, where they 
showed a polygenic score for type 2 diabetes in pregnant women with an insulin sensitivity defect, making them more 
susceptible to developing GDM with higher fasting glucose (GDM-Sensitivity).

We found that women in the GDM-Mixed group showed adverse metabolic profiles at the beginning of pregnancy 
compared with women classed as non-GDM or women with a single insulin defect. Regarding the maternal lipid profile, 
we showed that women with GDM had higher TC and TG concentrations in the first trimester, and that the elevated TG 
concentration persisted in the second trimester. However, there was heterogeneity among the GDM subtypes, with the 
highest TG concentrations observed in the GDM-Sensitivity group. This result is similar to the finding of Layton et al,16 

who showed differences in high-density lipoprotein, low-density lipoprotein, and non-esterified fatty acid concentrations 
between GDM subtypes. However, TG concentrations have previously been demonstrated as a risk factor for the 
development of GDM-Resistance (odds ratio [OR] 1.8, 95% CI 1.2–2.6) and GDM-Mixed (OR 2.06, 95% CI 1.3– 
3.17).28

Several studies have assessed glucose metabolism in women with GDM of different physiological subtypes.32–34 

Liu et al33 demonstrated the dynamic responses of glucose and insulin at different time points. Women with GDM- 
Mixed presented with higher glucose and insulin concentrations, similar to our findings in Figure 2. The most 
significant increase in glucose at 60 minutes was observed in the GDM-Resistance group. In the present study, we 
showed a strong positive correlation between the fasting and 1-h post-load glucose concentrations. Conversely, a more 
significant decrease in glucose at 120 minutes was observed in the GDM-Dysfunction group in Liu et al’s study.33 In 
the present study, we showed a negative correlation between the 1-h post-load and the 2-h post-load glucose 
concentrations in the GDM-Secretion group. This suggests that these women had better beta cell responsiveness in 
the late phase after the OGTT.

In the present study, women with GDM had a higher frequency of cesarean delivery than women classed as non- 
GDM. This trend was even more pronounced in women with GDM-Mixed (63.3%, p = 0.016). This is a common 
outcome described in other studies and is often associated with other maternal outcomes, such as preeclampsia and 
induced labor.29,34 Our results indicate that adverse maternal outcomes can also impact newborns. In our population, pre- 
term birth was common, with specific heterogeneity among the GDM subtypes. Moreover, we observed that the 
prevalence of LGA in newborns was higher in women with GDM, specifically in the GDM-Sensitivity group, which 
is consistent with other studies that used LGA as a perinatal outcome, where maternal obesity, hyperglycemia, and 
hyperinsulinemia may have contributed to the increased risk.15,33

More than half of the women in the present study developed GDM during pregnancy, largely due to risk factors that 
were present before conception. Only one third of GDM cases could be attributed to placental mechanisms. This 
highlights the clinical importance of offering personalized and timely management to minimize adverse perinatal and 
newborn outcomes.

Early and accurate identification of GDM subtypes is crucial for providing personalized management and enhancing 
maternal and perinatal outcomes. Our findings underscore the importance of considering GDM heterogeneity in clinical 
practice and public health. By distinguishing between GDM subtypes, clinicians can customize management interven-
tions, such as tailored nutrition plans, exercise regimes, and adequate medication, to address the specific underlying 
mechanism of each GDM subtype. This personalized approach has the potential to somewhat mitigate the risks 
associated with GDM, including cesarean delivery, pre-term birth, and the postpartum development of type 2 diabetes.

Given the well-established risk of negative pregnancy outcomes and long-term cardiovascular complications, such as 
arterial hypertension, in women with GDM,18,35,36 therapeutic management should prioritize long-term metabolic 
monitoring. This approach would ensure that every woman diagnosed with GDM undergoes a 75-g OGTT within the 
first 6 months post-delivery as a mandatory policy. Our findings suggest that the metabolic trajectory of these women 
may vary based on the GDM subtype during pregnancy. Therefore, a comprehensive evaluation of the metabolic 
evolution of these women is crucial to prevent the development of chronic diseases at an early age. These diseases 
not only impact the individual’s quality of life, but they also place a significant burden on the healthcare system. Despite 
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the current social and resource barriers, health systems must prioritize the implementation of these practices to provide 
optimal long-term care for this vulnerable population. In this study, only glucose measurements were performed; 
therefore, studies examining the more widespread complications of GDM, such as cardiovascular complications, should 
be performed in the future.

Based on our analysis, this study’s primary strengths lie in its novel approach to classifying GDM subtypes 
through OGTT results as this methodology enhances our understanding of distinct risk profiles while informing 
personalized management strategies. The multicenter, prospective cohort design, which encompasses a substantial 
sample size from diverse Mexican regions, ensures the robustness and generalizability of our findings. Moreover, 
the study underscores the importance of early and accurate GDM subtype identification in optimizing maternal and 
perinatal outcomes. By advocating for tailored clinical interventions, our research contributes to advancing 
precision medicine in GDM care, highlighting the potential for improved health outcomes in pregnant women 
and their infants. Together, these strengths collectively show our study’s significant contribution to the field 
of GDM.

However, this study has several limitations that should be considered when interpreting the findings. First, we did not 
follow the long-term metabolic trajectories of women with GDM, which is crucial given the established link between 
GDM and future cardiovascular complications. Longitudinal studies that consider the GDM subtype present during 
pregnancy should be conducted. Second, unlike previous studies conducted by Powe et al,8,9 we did not measure insulin 
during the OGTT. Nevertheless, the authors of those studies noted that glucose behavior aligns well with GDM subtypes. 
Finally, the present study exclusively involved Mexican women, which could limit the generalizability of the findings to 
other settings.

Conclusion
This analysis of the CME cohort highlighted the heterogeneity in GDM subtypes within the Mexican population, which 
were associated with different maternal and perinatal outcomes. The GDM-Mixed subtype was associated with a greater 
likelihood of cesarean delivery, LGA neonates, and type 2 diabetes postpartum, emphasizing the importance of subtype- 
specific clinical management of GDM and aligning with the principles of personalized medicine. Such a tailored 
approach could help optimize maternal and perinatal outcomes and reduce postpartum complications.
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