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Purpose: To study the risk factors of gestational diabetes mellitus (GDM) heterogeneity, 
and to evaluate the correlation between the risk factors and obesity.
Methods: We performed a case–control study of 452 women with GDM and 516 women 
with normal glucose tolerance (NGT) at the first and second trimester. We defined GDM 
women as GDM-resistance subtype, GDM-dysfunction subtype, and GDM-mixed subtype, 
according to their simultaneous insulin-release test with predominant insulin-sensitivity 
defect, insulin-secretion defect, or both defects.
Results: We found that higher maternal age, family history of diabetes, the elevated level of 
fasting blood glucose in the first trimester (≥5.1 mmol/L) were risk factors of all GDM 
subtypes. Pre-pregnancy overweight/obesity and the increased gestational weight gain 
(GWG) in the first-trimester are risk factors of the GDM-resistance subtype. Indicators 
including younger age at first menstruation, the elevated levels of alanine aminotransferase 
(ALT), total bile acid (TBA), triglyceride (TG), and the decreased level of high-density 
lipoprotein cholesterol (HDL-C) are risk factors of the GDM-resistance subtype. However, 
the associations between those risk factors and GDM-resistance subtype attenuated after 
adjusted by pre-pregnancy body mass index (pre-BMI) and gestational weight gain (GWG) 
in the first trimester. Nonalcoholic fatty liver disease (NAFLD) and the improved level of TG 
are independent risk factors for the GDM-resistance subtype and the GDM-mixed subtype, 
respectively.
Conclusion: Women with GDM exhibited heterogeneity based on glycemic physiology and 
their risk factors are not all the same. Some obesity-related risk factors are specific to the 
GDM-resistance subtype, which are mediated by pre-pregnancy overweight/obesity and the 
elevated GWG the first-trimester.
Keywords: pregnancy, pre-pregnancy BMI, gestational weight gain, obesity, insulin 
resistance, insulin secretion

Introduction
Gestational diabetes mellitus (GDM) is a common complication of pregnancy 
period in which spontaneous hyperglycemia usually happens during the second 
and third trimesters without known diabetes before pregnancy.1 GDM increasing 
the risks for adverse perinatal outcomes such as metabolic disease for both mother 
and infants.2 Insufficient insulin secretion and decreased insulin sensitivity have 
been verified as the two predominant drivers of hyperglycemia in non-pregnant 
diabetes individuals.3 Powe4 first observed and reported that heterogeneity existed 
in the physiologic and pathologic processes leading to hyperglycemia in women 
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with GDM. GDM heterogeneity refers to the variety in 
genetic factors, racial and demographic differences, beta- 
cell function, and some special clinical characteristics. In 
the current study, we specifically targeted on the hetero
geneity of insulin sensitivity and beta-cell function and the 
pathogenesis of GDM, with our subtypes described as 
GDM with a predominant insulin-secretion defect, GDM 
with a predominant insulin-sensitivity defect, or GDM 
with both defects.

Many studies focus on risk factors of GDM, but these 
results lack consistency. A meta-analysis of European, 
North American and Australian cohorts found that mater
nal pre-pregnancy overweight/obesity is associated with 
the risk of GDM,5 while another study uncovered that 
the effect of pre-pregnancy body mass index (pre-BMI) 
as a screening characteristic to predict GDM varied by 
race/ethnicity.6 The effect of other reported risk factors 
on GDM such as maternal lipid profile and different diet/ 
lifestyle changed according to BMI.7–9 Variations in popu
lation and diagnostic criteria for GDM partly account for 
the differences in these findings. The heterogeneity of 
physiologic hyperglycemia among women with GDM 
may explain this inconsistency from a new perspective. 
Our previous research found that GDM women of the 
three subtypes had different clinical characteristics,10 and 
we speculate that the discrepancy of risk factors also 
existed among the three GDM subtypes.

Obesity causes a systemic inflammatory response, with 
possible downstream metabolic sequelae, including insulin 
resistance and glucose dysregulation.11 Some studies used 
stratified BMI, lean/obese phenotypes to determine risk 
factors of developing GDM,9,12 however, none of these 
researches reflected the causes of hyperglycemia in preg
nant women.

Recently, many studies uncovered some new risk fac
tors of GDM, such as the increased level of total bile acid 
(TBA)13 and ferritin,14 nonalcoholic fatty liver disease 
(NAFLD)15 and thyroid dysfunction16 at the 1st trimester, 
earlier age at menarche,17 and persistent vitamin 
D deficiency.18 However, few studies analyzed the influ
ence of these new risk factors on GDM according to the 
heterogeneity of physiologic hyperglycemia.

Since the heterogeneity could reflect the pathophysio
logic state of GDM and the different clinical manifesta
tions more objectively, we carried out a case–control study 
research to elucidate the variations in risk factors of the 
GDM subtypes, and to evaluate the correlation between 
GDM subtypes and obesity.

Patients and Methods
Study Population and Design
We performed a case–control study, and data were col
lected from Han Chinese women underwent routine gesta
tional care visit at the Department of Obstetrics of the 
Northwest Women and Children’s Hospital from 
November 2019 to March 2020. We collected clinical 
data at different follow-up times (1st-trimester study visit 
at 12 weeks of gestation, 2nd-trimester study visit at 24–28 
weeks of gestation). Woman underwent the 75-g, 2-h oral 
glucose tolerance test (OGTT) at the 24th–28th gestational 
week, and GDM was diagnosed according to the 
International Association of Diabetes and Pregnancy 
Study Group (IADPSG) criteria19 were included. The 
inclusion criteria is women of bearing age with full-term 
fetus and complete pregnancy data. From a total of 3829 
women, the data of 1204 women who underwent OGTT 
were collected. The exclusion criteria included that: 
a history of diabetes (n = 12); OGTT results showed 
a fasting glucose ≥7.0 mmol/L, 2-hour post-meal blood 
glucose was ≥11.1 mmol/L, or glycated hemoglobin A1c 
(HbA1c) was ≥6.5% in the 1st trimester (n = 25); if they 
showed preeclampsia (n = 31), younger than 18 years of 
age (n = 35); had multiple gestations (n = 7), maternal 
disease (n = 23), or missing vital data (n = 23). Finally, 
1048 subjects were eligible and included in further 
analysis.

Clinical Measurements and Definitions
The recorded weight and height at the first gestational care 
visit were used to calculate pre-BMI. Pre-BMI was categor
ized according to criteria specific for Chinese adults (BMI 
<18.5 kg/m2, emaciated; BMI, 18.5–23.9 kg/m2, normal 
weight; BMI, 24–27.9 kg/m2, overweight; and BMI > 
28 kg/m2, obese).20 Gestational weight gain (GWG) in the 
first-trimester was calculated as the maternal weight at 
the second-trimester visit minus pre-pregnancy body weight 
at the first gestational care. The presence or absence of 
NAFLD was evaluated utilizing liver ultrasound, and it was 
defined as the detection of bright echogenic patterns within 
the liver detected by ultrasonography. The Insulin Sensitivity 
Composite Index (ISI composite index) and the Stumvoll 
I index were used to measure insulin sensitivity and secretion 
according to the data from the OGTT and simultaneous 
insulin-release test.21–23 We defined GDM subtypes using 
Powe’s classification4 according to the distributions of insu
lin sensitivity and secretion in women compared with the 
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normal glucose tolerance (NGT) group. We considered 
women with GDM to have an insulin secretion defect or 
sensitivity defect if insulin secretion or sensitivity was 
below the 25th percentile. According to the above standards, 
women with GDM were classified into the following sub
types: GDM with a predominant insulin-sensitivity defect 
(GDM-resistance, n = 202), GDM with a predominant insu
lin-secretion defect (GDM-dysfunction, n = 140), or GDM 
with both of the above-mentioned traits (GDM-mixed, n = 
110). We excluded participants with GDM who had both 
insulin sensitivity and insulin secretion above the 25th per
centile (n = 77), and women who were treated with insulin 
(n = 3).

Data Collection and Laboratory 
Measurements
The data included a questionnaire for pregnant women 
contained general information regarding their present and 
past medical histories, family history of diabetes, repro
ductive history, medication history, alcohol consumption, 
smoking status, and age at first menstruation. Fasting 
blood glucose (FBG) were tested using the glucose oxi
dase method (intra-assay and inter-assay coefficients of 
variation were 2.1% and 2.6%, respectively), high- 
performance liquid chromatography was used to measure 
hemoglobin A1c (HbA1c) percentage (Skylight Biotech, 
Akita, Japan). Reagents, which were provided by Chinese 
Shandong 3V Bioengineering Company, were used to test 
aspartate aminotransferase (AST), alanine aminotransfer
ase (ALT) and TBA, and the detection was performed 
with the Hitachi 7600 automatic 49-biochemical analy
zer. The enzymatic method (Parsazmun, Karaj, Iran) was 
used to detect lipid profiles [serum triglycerides, total 
cholesterol, low-density lipoprotein cholesterol (LDL-C) 
and high-density lipoprotein cholesterol (HDL-C) con
centrations]. Serum 25-hydroxyvitamin D3 [25-(OH) 
D3] was analyzed using the electro chemiluminescent 
immunoassay on Cobas e411 Elecsys 2010 (Roche 
Diagnostics GmbH, ranged 4–100 ng/mL). Serum insulin 
and ferritin levels were tested by electrochemilumines
cent immunoassay kits of Chinese Shandong 3V 
Bioengineering Company (insulin, R-C-01-01, ranged 
5–180μU/mL; ferritin, R-B-05-01, ranged 0–500ng/mL). 
Thyroid peroxidase antibodies (TPOAb) were measured 
by the radioimmunoassay of Chinese Shandong 3V 
Bioengineering Company (R-A-08-01, ranged 0.1– 
1000IU/mL). All the laboratory tests are performed by 

the standard laboratory methods in the certified labora
tory of the Northwestern Women’s and Children’s 
Hospital in Xi’an, China. The ISI composite index = 
10,000/√(fasting glucose × fasting insulin) × (mean glu
cose × mean insulin),21 using glucose and insulin mea
surements expressed as mmol/L and uU/mL, respectively. 
The Stumvoll I index=2032+4.681×Ins0- 
135.0×Gluc120+0.995×Ins120+27.99×BMI-269.1×Gluc
0,23 using glucose and insulin measurement expressed as 
mmol/L and uU/mL, respectively. The homeostasis 
model assessments (HOMA2-S and HOMA2-β) at 
http://www.dtu.ox.ac.uk (accessed on 11 January 2016) 
were used as indices to evaluate insulin sensitivity and 
secretion function, respectively.

Statistical Analysis
We used SPSS Statistics 22.0 (IBM SPSS, Chicago, IL, 
USA) to analyze our data. Data are expressed as means 
(standard deviation, SD) or median (interquartile range, 
IQR). Differences across the four groups (NGT and three 
GDM subtypes) were compared using one-way ANOVA 
for normally distributed continuous variables, the 
Kruskal–Wallis test for non-normally distributed contin
uous variables, and the Chi-squared test (or Fisher’s 
exact-probability test) for categorical variables. When 
the P-value from the ANOVA, Kruskal–Wallis test, or 
Chi-squared test (or Fisher’s exact test) was <0.05, pair
wise comparisons between the NGT group and each 
GDM subgroup were made using the Tukey’s test, 
Dunn’s test, Chi-squared test, respectively. P-values for 
Chi-squared test pairwise comparisons were adjusted 
using the Bonferroni correction. Then, two adjusted 
polytomous logistic regression models were fit to iden
tify potential risk factors of GDM-subtypes. The first one 
was adjusted for each other, alcohol consumption, and 
smoking status; the second included the first model plus 
pre-BMI and GWG in the first trimester. The reference 
value was the NGT group. The goodness of fit was tested 
using the Hosmer–Lemeshow test.

Results
Baseline Data
Baseline data are shown in Table 1. From a total of 3829 
women, 1204 women underwent the oral 75g glucose 
tolerance test (OGTT), and 532 of them (13.9%) were 
diagnosed with GDM. Among women with GDM, 202 
patients (38.0%) were classified into the GDM-resistance 
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group, 140 patients (26.3%) were assigned to the GDM- 
dysfunction group, and 110 patients (20.7%) were classi
fied into the GDM-mixed group. All women in the three 
GDM subtypes exhibited an elder maternal age (P = 0.019, 
P = 0.010, and P = 0.018, Table 1), and a higher percen
tage of family diabetes history (P < 0.001, P = 0.001, and 
P = 0.004) compared to NGT group. The GDM-resistance 
group showed an elevated pre-BMI [23.73 (20.38–26.42) 
vs 22.68 (20.53–24.50), P < 0.001] and a younger age of 
first menstruation (P < 0.001) relative to the NGT group, 
while women in the GDM-dysfunction and GDM-mixed 
group had pre-BMI comparable to the NGT group. 
Smoking status, alcohol consumption, percentage of 
macrosomia at delivery history, percentage of nulliparous 
women, and height showed no significant differences 
among the four groups.

Indicators at the First and Second 
Gestational Period
In their first trimester, women in the three GDM-subtype 
groups had higher plasma levels of FBG (all P < 0.001, 
Table 2), while only the GDM-dysfunction group exhibited 
higher HbA1c (P = 0.028) compared with the NGT group. 
Indicators regarding GWG in the first trimester (P = 0.021), 

the percentage of NAFLD (P < 0.001), ALT (P = 0.029), 
TG (P = 0.012), and TBA (P = 0.009) showed a significant 
increase, while HDL-C (P = 0.024) demonstrated 
a remarkable reduction in the GDM-resistance group 
when compared to the NGT group. The TG values and the 
percentage of NAFLD in the GDM-mixed group were 
higher than those in the NGT group (P = 0.009 and P = 
0.006). Meanwhile, 25-(OH) D3, AST, CHO, LDL-C, ferri
tin, and TPOAb showed no significant differences among 
the four groups.

In the second trimester, women in the three GDM- 
subtype groups manifested higher blood glucose at all 
the time points of the OGTT test, and larger glycemic 
area under the curve (AUC) compared with the NGT 
group (P < 0.001, Table 2). Plasma insulin levels at all 
time-points and AUC (insulin) presented to a significant 
increase (All P < 0.001) in the GDM-resistance group 
relative to the NGT group. However, insulin levels and 
AUC (insulin) were reduced in the GDM-dysfunction and 
GDM-mixed group (All P < 0.01) compared with the NGT 
group (except for fasting insulin level of GDM- 
dysfunction group). For insulin secretion indicators, the 
levels of HOMA2-β, Stumvoll I index were higher in the 
GDM-resistance group, but lower in GDM-dysfunction 

Table 1 Characteristics of GDM Subtypes and NGT Group

GDM- 
Resistance

Pa GDM- 
Dysfunction

Pa GDM-Mixed Pa NGT

Number 202 140 110 516

Maternal age (years) 31 (28–34) 0.019 31 (29–34) 0.010 31 (28–33) 0.018 30 (28–33)

Smoking (n, %) 7 (3.5) – 4 (2.9) – 0 (0) – 13 (2.5)

Alcohol use (n, %) 3 (1.5) – 2 (1.4) – 3 (2.7) – 9 (1.7)

Family history of diabetes mellitus 

(n, %)

36 (17.8) <0.001 19 (13.6) 0.001 14 (11.8) 0.004 27 (5.23)

Nulliparous (n, %) 111 (54.9) – 82 (58.6) – 64 (58.2) – 303 (58.7)

History of macrosomia at delivery 
(n, %)

11 (5.4) – 7 (5.0%) – 3 (2.7) – 16 (3.1)

Pre-BMI (kg/m2) 23.73 
(20.38–26.42)

<0.001 21.91 
(18.35–24.83)

0.213 20.60 
(18.34–23.14)

0.903 22.68 
(20.53–24.50)

Height (cm) 162.36±4.74 – 161.43±5.30 – 161.53±4.74 – 161.83±4.70

Age at first menstruation (year) 13.0 (11.0–15.0) <0.001 15.0 (13.75–15.0) 0.982 14.0 (14.0–16.0) 0.985 14.0 (13.75–15.0)

Notes: Data are presented as n (%), median (IQR, interquartile range), or mean (SD, standard deviation). aDifferences across the four groups (NGT and three GDM 
subtypes) were compared using one-way ANOVA for normally distributed continuous variables, Kruskal–Wallis test for non-normally distributed continuous variables, or 
Chi-squared test (or Fisher’s exact test) for categorical variables. When P < 0.05, pairwise comparisons between the NGT group and each GDM group were made using the 
Turkey’s test, Dunn’s test, Chi-squared test, or Fisher’s exact test, respectively. P-values for pairwise comparisons were adjusted using the Bonferroni correction. 
Abbreviations: GDM, gestational diabetes mellitus; NGT, normal glucose tolerance; pre-BMI, pre-pregnancy body mass index.
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and GDM-mixed groups when compared to the NGT 
group (all P < 0.001). Insulin sensitivity indicators 
(HOMA2-S and ISI composite index) were declined in 
the GDM-resistance and GDM-mixed groups relative to 
the NGT group (All P < 0.001).

Multivariate Polytomous Logistic 
Regression Analysis of Risk Factors for 
GDM
In the multivariate polytomous logistic regression, the risk 
factors in the first trimester concerning GDM are presented 
in Table 3. The elevation of maternal age and the family 
history of diabetes are both risk factors for all GDM- 
subtypes compared with the NGT group (All P < 0.05) 
in model 1 and model 2. Meanwhile, overweight/obese 
before pregnancy and GWG in the first trimester (All 
P<0.05) are verified as risk factors for the GDM- 
resistance subtype in model 2. For the indicators in 
plasma, increased FBG level (≥5.1 mmol/L) is a risk factor 
of all GDM subtypes regardless of whether values were 
adjusted or unadjusted for pre-BMI and GWG in the first- 
trimester (All P<0.05). However, the increased levels of 
ALT, TG, TBA, and the decreased level of age at first 
menstruation and HDL-C are risk factors of GDM- 
resistance subtype in model 1 (All P<0.05), but the con
nection between these risk factors and GDM-resistance 
subtype are attenuated in model 2 (model 1 plus pre- 
BMI and GWG in the first trimester as adjustments). The 
rising extent of TG increased the risk of GDM-mixed 
subtype in both model 1 and model 2 (all P < 0.05). 
While NAFLD in the first trimester is the risk factor of 
the GDM-resistance group (model 1 and mode 2) and 
GDM-mixed group (model 1) (All P < 0.05), the relation
ship between NAFLD and GDM-mixed subtype was 
diminished in model 2. The increased level of HbA1c 
was not a risk factor of all GDM subtypes in either model.

Discussion
Herein we implemented a case–control study in women 
who had GDM to investigate the risk factors of GDM 
subtypes that were defined by the validated indicators 
based on glycemic physiology.

We found that the GDM-resistance group showed 
higher pre-BMI and GWG in the first trimester relative 
to the NGT group, while women in GDM-dysfunction and 
GDM-mixed group had comparable characteristic above to 
the NGT group. Meanwhile, higher maternal age, family Ta
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history of diabetes mellitus, and the elevated level of FBG 
(≥5.1mmol/L) in the first trimester were all risk factors of 
the three GDM subtypes compared with the NGT group. 
The increased level of TG is an independent risk factor of 
the GDM-mixed subtype. For the women in the GDM- 
resistance group, overweight/obesity before pregnancy and 
the increased GWG in the first trimester are risk factors. 
Younger age at first menstruation, ascended level of ALT 
and TBA, and lipid metabolism disorder are risk factors of 
the GDM-resistance group. However, the adjustment for 
pre-BMI and GWG in the first trimester attenuated the 
observed associations. NAFLD is the independent risk 
factor for the GDM-resistance group regardless of whether 
the values were unadjusted or adjusted for pre-BMI and 
GWG in the first trimester.

Many studies focus on the risk factors of GDM come up 
with inconsistent results.5–9 There is limited research focuses 
on the risk factors of GDM subtypes according to the hetero
geneity of physiologic hyperglycemia, and that might be one 
reason for this inconsistency. Many studies have verified that 
pre-pregnancy overweight/obesity and excess GWG during 
pregnancy contributes to the occurrence of GDM,5,24,25 

which is consistent with our finding on the GDM-resistance 
subtype. We speculate the reason might be that these studies 
had a majority of overweight/obese participants, whose char
acteristic was similar to the GDM-resistance subtype in our 
study. Excessive fat accumulation before and during preg
nancy also explains the association between the following 
risk factors and the GDM-resistance subtype. Some studies 
found that the elevated ALT level and dyslipidemia in the 
first trimester increasing the risk of GDM,26,27 and the higher 
first-trimester serum levels of TBA is also associated with 
GDM,13,28 however, the association between these risk fac
tors and GDM are attenuated by overweight/obesity.26,29 

ALT is a cytosolic enzyme that has a relatively higher con
centration in the liver. When liver damage occurs, such as 
infection, toxins and ischemia, ALT is released into the blood 
from injured liver cells. On the other hand, a mild increased 
level of ALT within normal range usually reflect fat accumu
lation, which is a marker of NAFLD.30 Bile acids (BAs) are 
consisted of primary BAs and secondary BAs. Primary BAs 
are produced from cholesterol in the liver. Most of them are 
conjugated with taurine and glycine, and stored in the gall
bladder and secreted into the duodenum, digest lipids and fat- 
soluble vitamins after meal stimulation. A study found that 
BAs were nearly twofold elevated in T2DM patients relative 
to healthy subjects, and the disproportion in BAs was asso
ciated with insulin resistance,31 which is consistent with our 

GDM-resistance subtype. Earlier age at menarche also found 
to be a risk factor for GDM,17,32 however, another study 
uncovered that the associations between earlier age at 
menarche and the risk of GDM may be mediated by insulin 
resistance caused by overweight/obesity.33 Lee et al15 

revealed that the risk of developing GDM was significantly 
increased in participants with NAFLD, and this relationship 
remained significant after adjusted by metabolic risk factors 
and insulin resistance. These results revealed that other 
mechanisms might be involved in the process besides insulin 
resistance and obesity. For instance, pro-inflammatory cyto
kines from other visceral tissues could transfer to the liver, 
then lead to NAFLD.34

Enquobahrie et al35 found that the increased level of TG 
at the 1st trimester was a risk factor for GDM. We also 
observed this phenomenon in the GDM-resistance and 
GDM-mixed groups. However, this association weakened 
after adjusted by pre-BMI and GWG for GDM-resistance 
group. It suggests that the elevated TG level as a risk factor 
for GDM resistance group may mediated by obesity. 
Meanwhile, the combination of abnormal glucose metabo
lism and insulin resistance may cause more serious lipid 
metabolism disorder for the GDM-mixed group, which 
may explain the increased TG level in the 1st trimester is 
still a risk factor for this group before and after adjustment.

In our study, family history of diabetes is a risk factor for 
all GDM subtypes, and many researches have shown the same 
results in both obese and non-obese pregnant women.36,37 The 
following reasons might explain the relationship between 
family history of diabetes and GDM. Maternal diabetes during 
pregnancy lead to a transgenerational transmission of diabetes 
risk.38 Meanwhile, the cumulative incidence of type 2 diabetes 
was significantly increased in the first 5 years after the delivery 
of GDM women.39 At the same time, diabetes is a kind of 
polygenetic disease with overlaps of many susceptible genes 
of GDM.40,41

Many studies considered the increasing level and cut
off points of FBS in early pregnancy as a risk factor for 
GDM, but their results are inconsistent.42–44 The areas and 
ethnic variations among participants, and the different 
diagnostic criteria for GDM may explain the reasons for 
these inconsistencies. In this study, the association 
between the elevated level of FBG in the first trimester 
and GDM might be relevant to the high-carbohydrate diet 
of women in the northwest of China.

Limitations of our study included that this is a single- 
center study, which is restricted for further stratified ana
lysis of different regions. Furthermore, the absence of data 
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on pre-pregnancy islet β-cell function prevented us from 
presenting the dynamic characteristics of glucose metabo
lism. Finally, we did not collect the blood sample to 
examine the genetic loci of GDM subtypes in this study, 
which we will focus in the future.

In conclusion, our study showed that women with 
GDM exhibited heterogeneity based on glycemic physiol
ogy. The risk factors of GDM were different for each 
subtype, and the effect of many obesity-related risk factors 
on GDM was mediated by pre-pregnancy overweight/obe
sity and the elevated GWG during the first-trimester. Our 
study partly explained the reason for the inconsistency of 
risk factors on GDM about current studies. With the deep 
knowledge of etiology and pathogenesis on GDM sub
types, we will have a deeper understanding of the discre
pancy on risk factors of GDM.
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