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Diabetes is a major concern in healthcare worldwide and is detrimental to mothers and fetuses during 
pregnancy. However, half of the women were unaware of hyperglycemia before pregnancy, and there 
is no consensus on their identification during pregnancy. We aim to understand the role that diagnostic 
timing plays in perinatal outcomes. This was a multicenter retrospective study of all pregestational 
diabetes mellitus (PGDM) women who delivered from January 2021 to June 2023. Diagnoses were 
made before or during gestation. Characteristics and outcomes were compared among stages, and 
logistic regression was performed to explore the relationship between adverse outcomes and the 
diagnostic timing. This study included 2,818 women; 1188 (42.2%) were self-aware before pregnancy, 
and 286 (10.1%), 1208 (42.9%), and 136 (4.8%) were diagnosed in the first, second, and third 
trimesters, respectively. Maternal body mass index, hypertensive disorders during pregnancy, glucose 
profile, large-for-gestational-age (LGA), etc., differed among stages (all P < 0.05). Logistic regression 
revealed that PGDM diagnosed during any trimester was significantly associated with an increased 
risk of macrosomia (aOR = 2.632, 1.502, 2.314; all P < 0.05). However, the risk of LGA decreased if the 
diagnosis was based on the 2 h value of the oral glucose tolerance test (OGTT) alone in the second 
trimester (aOR = 0.608, 95% CI: 0.444–0.831). No relationship existed between diagnostic timing 
and neonatal birth defects or hypoglycemia (both P > 0.05). PGDM identified during pregnancy was 
significantly associated with an increased risk of fetal overgrowth. The role of the 2 h-OGTT alone in 
diagnosis warrants further exploration. PGDM screening is essential for the entire gestational period. 
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Diabetes is one of the fastest-growing health issues worldwide and is the leading cause of a variety of life-
threatening diseases. It is estimated that by 2045, the number of patients will reach 783 million worldwide1. In 
recent years, with rapid socioeconomic development, the prevalence has also risen sharply in China2. Moreover, 
the onset of diabetes tends toward reproductive-aged women3, which puts them at greater risk during pregnancy, 
namely, embryo loss, fetal congenital anomalies, fetal overgrowth, etc4. , and may also impair the metabolic and 
cardiovascular development of offspring in the long term5,6. The situation became more serious after the full 
implementation of the third-child policy.
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Diabetes that occurs before pregnancy is referred to as pregestational diabetes mellitus (PGDM), but more 
than half of reproductive-aged women are unaware of hyperglycemia before pregnancy7. Moreover, due to 
maternal physiological glycemic changes during pregnancy (usually characterized by a mild decrease in fasting 
and a slight increase postprandial8–10), it is even more difficult to identify PGDM precisely during gestation. 
In light of this, PGDM which was first identified during pregnancy is often referred to as overt diabetes11or 
diabetes in pregnancy12. Even if the diagnostic criteria for pregnant patients are the same, the appropriate timing 
of diagnosis remains controversial13. Evidence is scarce regarding whether the PGDM newly diagnosed during 
pregnancy is as severe as it was identified before pregnancy14,15, which is essential to their glycemic management.

In this study, we compared the maternal characteristics and perinatal outcomes between PGDM patients who 
were aware of their condition before pregnancy and those diagnosed at different stages of gestation. Our aim was 
to understand the significant impact of diagnostic timing on maternal and fetal outcomes.

Results
Characteristics and perinatal outcomes
In total, 2,818 pregnant women with PGDM were included in the study. There were 51 (1.81%) patients with 
type 1 diabetes, 2540 (90.13%) with type 2 diabetes and 227 (9.83%) with missing data. Among the entire study 
population, 1188 (42.2%) were self-aware before pregnancy, and 286 (10.1%), 1208 (42.9%), and 136 (4.8%) 
were newly diagnosed in the first, second, and third trimesters, respectively. Significant differences were 
observed among the four groups in maternal BMI, family history of diabetes, polycystic ovary syndrome, and 
HDPs. Specifically, women diagnosed in the second trimester had a higher proportion of nonoverweight/obese 
individuals and fewer HDPs (all P < 0.001). During pregnancy, excessive GWG was most common in those 
diagnosed in the third trimester, while those diagnosed in the second trimester had the lowest FPG, medication 
usage, and the highest rate of third trimester HbA1c < 6% (all P < 0.001). Perinatal outcomes, including fetal loss, 
birth defects, fetal overgrowth, PTB, mode of delivery, and neonatal hypoglycemia, also varied significantly. 
Notably, the rates of Cesarean delivery (CD) and LGA were lowest in the second trimester diagnosis group (all 
P < 0.001) (Table 1).

Valid cases
(N = 2818)

Self-reported diabetes 
(N = 1188)

Diagnosed in the 1st 
trimester (N = 286)

Diagnosed in the 2nd 
trimester (N = 1208)

Diagnosed in the 3rd 
trimester (N = 136) P value

Age‾(x ± s) 2816 32.90 ± 0.18 33.53 ± 0.37 33.33 ± 0.18 32.95 ± 0.57 0.262

BMI < 24 kg/m2 [n, (%)]

2427

336(37.8%) 53(23.2%) 557(51.0%) 32(28.3%)

< 0.001*24 ≤ BMI < 28 kg/m2 [n, (%)] 329(33.1%) 81(35.5%) 337(30.9%) 39(34.5%)

BMI ≥ 28 kg/m2 [n, (%)] 289(29.1%) 94(41.2%) 198(18.1%) 42(37.2%)

Family history of diabetes 2777 337(29.0%) 63(22.6%) 163(13.6%) 21(15.4%) < 0.001

Polycystic ovary syndrome 2574 87(8.0%) 6(2.3%) 41(3.7%) 9(6.8%) < 0.001

Hypertensive disorders of pregnancy 2646 371(33.0%) 86(31.5%) 206(18.4%) 50(38.8%) < 0.001*

Adequate GWG [n, (%)]

2417

386(39.5%) 86(37.4%) 472(44.0%) 33(29.5%)

< 0.001&Insufficient GWG [n, (%)] 226(23.1%) 75(32.6%) 315(29.4%) 16(15.2%)

Excessive GWG [n, (%)] 365(37.4%) 69(30.0%) 285(26.6%) 62(55.4%)

Medication usage in pregnancy 2661 885(77.7%) 222(80.1%) 424(38.0%) 68(52.3%) < 0.001*

HbA1c in the 3rd trimester
1899

5.80(5.40,6.30) 6.10(5.60,6.60) 5.70(5.32,6.10) 6.60(6.10,7.10) < 0.001

3rd trimester HbA1c < 6% [n, (%)] 464(58.6%) 85(43.4%) 524(65.8%) 15(13.0%) < 0.001*

Fasting glucose in the 3rd trimester 2280 5.17(4.54,6.07) 5.49(4.82,6.41) 4.85(4.31,5.60) 7.04(5.35,7.57) < 0.001*

Fetal loss 2818 28(2.4%) 5(1.7%) 5(0.4%) 2(1.5%) < 0.001

Birth defect## 2893 63(5.3%) 14(4.9%) 44(3.5%) 1(0.7%) 0.022

Preterm birth# 2818 226(19.5%) 62(22.1%) 211(17.5%) 46(34.3%) < 0.001

Cesarean Delivery# [n, (%)] 2777 853(73.5%) 218(77.6%) 741(61.6%) 106(79.1%) < 0.001*

Postpartum hemorrhage# [n, (%)] 2715 39(3.4%) 10(3.6%) 46(4.0%) 6(4.5%) 0.868

Birth weight## (g,‾x ± s) 2885 3162.10 ± 22.44 3276.09 ± 46.28 3154.27 ± 19.72 3207.39 ± 75.74 0.083

Small for gestational age## [n, (%)] 2875 84(7.0%) 21(7.4%) 77(6.1%) 6(4.3%) 0.519

Large for gestational age## [n, (%)] 2875 364(30.5%) 110(38.6%) 303(24.1%) 68(49.3%) < 0.001*

Macrosomia## [n, (%)] 2885 113(9.4%) 46(16.1%) 118(9.4%) 25(18.1%) < 0.001

Neonatal hypoglycemia## [n, (%)] 2546 56(5.4%) 20(8.4%) 49(4.6%) 17(14.0%) < 0.001

Table 1.  Maternal characteristics and perinatal outcomes of patients diagnosed at different gestational stages. 
PGDM: pregestational diabetes mellitus, BMI: body mass index, GWG: gestational weight gain, HbA1c: 
glycosylated hemoglobin *Indicates significant statistical difference in the group diagnosed in the 2nd trimester 
compared to other 3 groups (multiple comparison, P < 0.0083) &Indicates significant statistical difference in 
the group diagnosed in the 3rd trimester compared to other 3 groups (multiple comparison, P < 0.0083) # 
Comparison was performed excluding fetal loss, ##comparison was performed among all the live neonates 
(N = 2885).
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Diagnostic timing and adverse perinatal outcomes
PGDM, which is newly identified during pregnancy, is strongly related to fetal overgrowth (Table 2). Multivariate 
logistic regression analysis revealed that, compared with women diagnosed before pregnancy, those diagnosed 
in the first trimester had a 70% higher risk of LGA (aOR = 1.724, 95% CI: 1.244–2.391) and a 160% higher risk of 
macrosomia (aOR = 2.632, 95% CI: 1.665–4.161). Diagnosis in the second trimester was associated with a 50% 
increased risk of macrosomia (aOR = 1.502, 95% CI: 1.072–2.102) but not the with risk of LGA (aOR = 0.906, 
95% CI: 0.732–1.122). Those diagnosed in the third trimester had a significantly increased risk of both LGA 
(aOR = 1.672, 95% CI: 1.089–2.566) and macrosomia (aOR = 2.314, 95% CI: 1.282–4.177). However, no significant 
relationships were detected between diagnostic timing and birth defects or neonatal hypoglycemia (all P > 0.05). 
The associations between adverse perinatal outcomes and different timings of diagnosis are illustrated in Fig. 1.

Fig. 1.  Relationships between diagnostic timing of PGDM and the adverse perinatal outcomes. PGDM: 
pregestational diabetes mellitus, LGA: large for gestational age. OGTT: oral glucose tolerance test. Compared 
to the self-aware diabetes before pregnancy, PGDM diagnosed in any stages of pregnancy significantly 
increased the risk of macrosomia, and it increased the risk of LGA in both the first and third trimester as well. 
In the second trimester, the risk of macrosomia was only increased if the diagnosis was not based solely on the 
result of 2 h-OGTT.

 

Outcome

Adjusted Odds Ratio (95% Confidence Interval)

Diagnosed in the 1st trimester Diagnosed in the 2nd trimester Diagnosed in the 3rd trimester

Birth defect 1.195(0.598–2.387) 0.801(0.510–1.259) 0.223(0.030–1.659)

Large for gestational age 1.724(1.244–2.391)* 0.906(0.732–1.122) 1.672(1.089–2.566)*

Macrosomia 2.632(1.665–4.161)* 1.502(1.072–2.102)* 2.314(1.282–4.177)*

Neonatal hypoglycemia 1.304(0.681–2.499) 1.090(0.694–1.710) 1.608(0.743–3.481)

Table 2.  Relationships between the diagnostic timing and the adverse perinatal outcomes. *Indicates 
significant statistical difference (P < 0.05). The reference group was self-reported diabetes before pregnancy. 
All the data of the live neonates were used. All models were adjusted for maternal age, hospital, maternal 
pre-pregnancy body mass index and family history of diabetes. In the analysis of large for gestational age, 
the model was further adjusted for gestational weight gain, and in the analysis of macrosomia and neonatal 
hypoglycemia, the models were adjusted for neonatal sex and gestational age at delivery as well.
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2 h-OGTT and fetal overgrowth
Subgroup analysis was further performed to explore the relationship between using the 2 h-OGTT alone for 
diagnosis or other criteria and fetal overgrowth in the second trimester (Table 3). Among the 1208 women, 446 
were diagnosed by the 2 h-OGTT alone, and other criteria diagnosed 762. The results revealed that, compared 
with women diagnosed before pregnancy, using the 2  h-OGTT alone was not significantly correlated with 
macrosomia but was associated with a decreased risk of LGA by almost 40% (aOR = 0.608, 95% CI: 0.444–0.831). 
In contrast, diagnosis based on the other three criteria was significantly associated with an increased risk of 
macrosomia (aOR = 1.722, 95% CI: 1.202–2.468) but not with the risk of LGA (aOR = 1.090, 95% CI: 0.863–
1.377). Moreover, when the diagnosis relied exclusively on the FPG, a significant correlation remained between 
elevated FPG levels and the occurrence of LGA or macrosomia, with ORs of 1.896 and 2.436 respectively (both 
P < 0.05, Supplementary Table 1).

The absence of screening in each stage
As shown in Fig. 2, of the 2818 PGDM patients, 1250 (44.4%) received early glucose screening, and 286 women 
were newly identified as having PGDM in the first trimester. Among the remaining 1344 (2818-1188-286) 
women who were not screened or had a normal result during the early screening, 1274 (94.8%) underwent an 
OGTT in the second trimester, and 1208 (74.1%) were additionally diagnosed; among these people, 792 (65.6%) 
did not undergo early glucose screening. The remaining 136 (1344 − 1208) patients were identified in the third 
trimester. However, 87 (64.0%) missed early screening and OGTT, and only 5 (3.7%) took both tests with normal 
glucose results.

Sensitivity analysis among singleton pregnancies with type 2 diabetes
A sensitivity analysis was performed among singleton pregnancies with type 2 diabetes in the study population 
(N = 2444), and we obtained similar results. As shown in Supplementary Tables 2 and 3, PGDM diagnosed in 
the first and third trimesters was significantly associated with LGA and macrosomia (all P < 0.05), whereas 
PGDM diagnosed in the second trimester was not significantly associated with either outcome (both P > 0.05). 

Fig. 2.  The screening and classification of pregestational diabetes mellitus patients.

 

Outcome

Adjusted Odds Ratio (95% Confidence Interval)

Diagnosed only by 2 h-OGTT Diagnosed by other criteria other than 2 h-OGTT

Large for gestational age 0.608(0.444–0.831)* 1.090(0.863–1.377)

Macrosomia 1.084(0.667–1.762) 1.722(1.202–2.468)*

Table 3.  The relationship between 2 h-OGTT or other diagnostic criteria and fetal overgrowth in the second 
trimester. OGTT: oral glucose tolerance test, *Indicates significant statistical difference (P < 0.05). The reference 
group was self-reported diabetes before pregnancy. All the data of the live neonates were used. Both models 
were adjusted for maternal age, hospital, maternal pre-pregnancy body mass index and family history of 
diabetes and gestational weight gain. In the analysis of macrosomia, the model was further adjusted for 
neonatal sex and gestational age at delivery.
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Additionally, when diagnosis in the second trimester was based solely on the 2  h-OGTT, the risk of LGA 
decreased (aOR = 0.696, 95% CI: 0.495–0.980), while the risk of macrosomia increased if the diagnosis was based 
on other criteria (aOR = 1.648, 95% CI: 1.119–2.426).

Discussion
In this study, we found that the prevalence of self-reported diabetes before pregnancy was 42.2% among eight 
tertiary hospitals in urban China. The maternal characteristics, gestational glucose profile and perinatal outcomes 
differed among the diagnostic stages. While identification during pregnancy significantly increases the risk of 
fetal overgrowth, the value of a 2 h-OGTT alone in diagnosis requires further exploration. PGDM screening is 
crucial throughout the entire gestational period.

Several studies have compared PGDM diagnosed during pregnancy with other hyperglycemic categories 
and revealed a greater incidence of adverse perinatal outcomes (maternal retinopathy, pregnancy-induced 
hypertension, fetal malformation, macrosomia, neonatal jaundice, etc.) than prediabetes or gestational diabetes 
mellitus (GDM)14,16–19. Oppermann et al.15 analyzed the data of 414 PGDM patients diagnosed before pregnancy 
and 204 patients diagnosed during pregnancy and found similar levels of maternal pre-pregnancy BMI, 
preeclampsia (PE), HbA1c (≥ 28 weeks), fetal congenital anomaly, neonatal birth weight, hypoglycemia, etc. (all 
P > 0.05) between the two groups, and he further stressed the importance of pre-pregnancy glycemic screening 
based on their glucose control level. In our study, if we combined all three groups that were diagnosed during 
pregnancy as a whole, we would find that the levels of maternal third trimester HbA1c, birth weight and LGA, 
neonatal hypoglycemia, etc., were comparable to those of the self-reported group (all P > 0.05, data not shown). 
However, considering the lack of hyperglycemic screening, maternal glucose variations, and diagnostic criteria, 
PGDM patients diagnosed at different stages exhibited distinct characteristics. Notably, those diagnosed in the 
second trimester, particularly by the 2 h-OGTT alone, may have the mildest hyperglycemic severity. Regnault 
et al.20 reported that GDM patients diagnosed outside the 22–30 week (either < 22 weeks or > 30 weeks) had a 
higher risk of LGA (aOR = 1.55 and 1.44, respectively; both P < 0.05). This finding aligns with ours, possibly due 
to the lack of timely glycemic screening. However, even with sufficient screening, Cosson et al.21 proved that 
only late-diagnosed PGDM (> 22 weeks) was significantly associated with maternal gestational hypertension 
and/or PE (aOR = 3.48, 95% CI: 1.26–9.57) but not early-diagnosed PGDM (< 22 weeks, P > 0.05). In their study, 
all the late-diagnosed PGDM patients had a normal FPG (< 5.1 mmol/L) at early screening, which indicated 
that maternal gestational glucose varied with gestation. Meanwhile, Skajaa et al.22 and Dori-Dayan et al.23 also 
reported that the insulin requirement varied in type 1 diabetic patients during pregnancy, with a sharp increase 
in the second trimester followed by a mild decrease near term.

To date, discrepancies still exist over the optimal timing and criteria of PGDM diagnosis during pregnancy. 
While a consensus has been reached over the significance of early screening before the late second trimester, 
evidence is missing on the later period7,13,24,25. Gupta et al.26. followed the OGTT results of 92 PGDM women 
diagnosed during pregnancy for more than three years and reported that the progression of diabetes was more 
common in those who were diagnosed in the first trimester than in those diagnosed in the second trimester 
(93.1% vs. 61.4%, P= 0.005). Regarding the diagnostic criteria, this study questions the adequacy of using the 
2 h-OGTT alone. This is consistent with our previous findings: Women diagnosed only by the 2 h-OGTT had 
the lowest rates of cesarean delivery (CD) and preeclampsia (PE)27, and only 10% progressed to diabetes within 
one year after delivery28. This theory was also supported by the finding that the 2 h-OGTT had the poorest 
diagnostic performance in predicting diabetes at 6–8 weeks after delivery14, its area under the curve was only 
0.476, whereas it was 0.611 for HbA1c and 0.726 for FPG26. Furthermore, Gupta et al.26. reported that the use 
of HbA1c and FPG before 15 weeks was estimated to be associated with 95% and 85.4% postpartum diabetes, 
respectively, whereas 58.9% of the participants were diagnosed with 2 h-OGTT. The higher proportion in their 
study compared to others is due to the increased rate with longer follow-up, rising from 47.4% in the first year 
to 86.8% after three years among PGDM women diagnosed during pregnancy. Given that maternal postprandial 
hyperglycemia during gestation is considered a protective anabolism for fetal development29, the value of using 
the 2 h-OGTT alone for PGDM diagnosis remains uncertain in both short- and long-term contexts.

With the current data, we are delighted to see that the prevalence of self-reported diabetes has greatly 
improved in China over the past decade. According to our previous findings, this rate was only 1.20% according 
to a national survey of FPG in reproductive-aged women between 2010 and 201630. Although the populations 
were different, progress can still be seen with such a significant gap. The current level was similar to the Chinese 
average rate of self-aware diabetes, which was reported to be 43.3% based on a cross-sectional survey2. However, 
in the current study, 65.6% of the women diagnosed in the second trimester missed early screening, only 3.7% 
of the patients diagnosed in the third trimester underwent both early screening and OGTT, and a delay in 
diagnosis was significantly associated with fetal overgrowth. These findings emphasize the importance of early 
PGDM screening as a priority in clinical practice31.

To our knowledge, this is the first study that specifically compared the characteristics and outcomes of 
patients with PGDM diagnosed within trimesters. We have shown that variances exist among diagnostic stages 
and that identifying PGDM before pregnancy is essential. Our limitations include the following: first, without a 
postpartum glycemic profile, even though we have proven that the timing of diagnosis is significantly associated 
with fetal overgrowth, how it affects the occurrence and severity of maternal and neonatal metabolism in the 
long term remains unknown. Second, owing to the retrospective nature of the study, we could include only 
hospitalized patients, and those who experienced fetal loss in an earlier stage (whether screened or not) were 
overlooked. Moreover, the heterogeneity in hyperglycemic management among hospitals may influence the study 
results, even if we adjusted for hyperglycemic management as a confounder in the multi-regression analysis. 
Finally, although type 1, 2 or other specific diabetes has a unique etiology and glucose profile during pregnancy32, 
considering the lower prevalence of type 1 and other specific types in China2 and the missing medical records, 
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we did not differentiate them during the analysis. However, we showed that the same conclusion was reached for 
most (type 2) of the diabetic population. Prospective studies are essential to further validate the significance of 
the 2 h - OGTT alone in diagnosis, with a focus on both short - and long - term outcomes. Subsequently, clinical 
trials tailored to different glycemic control strategies should be conducted based on the results obtained.

In summary, compared with the self-reported diabetes before pregnancy, PGDM identified during pregnancy 
is strongly associated with an increased risk of fetal overgrowth, and the value of 2 h-OGTT alone in PGDM 
diagnosis warrants further exploration. Given the current situation, it is necessary to perform PGDM screening 
for the entire gestational period.

Methods
Study design and PGDM diagnosis
A multicenter retrospective cohort study was conducted among pregnant women diagnosed with PGDM either 
before or during gestation and delivered from January 1, 2021, to June 30, 2023, at eight hospitals in eight 
different regions in China. Information such as maternal age, pre-pregnancy weight, family history of diabetes 
and gestational complications, weight gain, PGDM treatment and perinatal outcomes, including neonatal 
birth weight and hypoglycemia, were extracted from the hospitals’ inpatient medical records. The protocol 
and procedure of the study were reviewed and approved by the Institutional Review Board (IRB) of Peking 
University First Hospital, Beijing, China (identification number 2023-521-003), and the study was conducted in 
accordance with the World Medical Association’s Declaration of Helsinki, with the need for informed consent to 
the participant waived by the hospital’s IRB.

Self-reported PGDM refers to women who were known to have diabetes (determined by a health care 
professional) before pregnancy. PGDM was diagnosed during pregnancy was based on the criteria of the 
Chinese Guidelines for Pregnancy with Diabetes33, including (1) fasting plasma glucose (FPG) ≥ 126  mg/dL 
(7.0 mmol/L), (2) a 2-hour value of the oral glucose tolerance test (75 g OGTT) ≥ 200 mg/dL (11.1 mmol/L), 
(3) classic symptoms of hyperglycemia or hyperglycemic crisis with random plasma glucose ≥ 200 mg/dL (11.1 
mmol/L), or (4) glycosylated hemoglobin ≥ 6.5% (48 mmol/mol). A diagnosis was made when any of the values 
met or exceeded the above criteria. In clinical practice, OGTT is recommended for all individuals between 
24 and 28 weeks of gestation, FPG is widely used for hyperglycemic screening in the early and late gestational 
periods, and HbA1c is further implemented when a high-risk (family history of diabetes, accelerated maternal 
weight gain or fetal growth, etc.) for hyperglycemia exists.

Definitions
The first trimester was defined as a gestational week less than 14 weeks, the second trimester as a gestational 
age between 14 and 28 weeks, and the third trimester as a gestational age over 28 weeks. The pre-pregnancy 
body mass index (BMI) was classified into nonoverweight/obese (< 24 kg/m2), overweight (24–28 kg/m2) and 
obese (≥ 28 kg/m2) groups according to the standards of the Chinese Health Ministry34. Adequate, insufficient 
and excessive gestational weight gain (GWG) were defined according to the BMI-based recommendation for 
the Chinese population, and we used separate standards for singleton and twin pregnancies35,36. Hypertensive 
disorders of pregnancies (HDPs) refer to a group of hypertensive disorders that occur during gestation, 
including gestational hypertension, preeclampsia-eclampsia, chronic hypertension and chronic hypertension 
with superimposed preeclampsia37. Birth defects are structural abnormalities present at birth. Preterm birth was 
defined as delivery at less than 37 gestational weeks. LGA was defined as a birth weight higher than the 90th 
percentile of gestational age based on the Chinese reference for singleton and twin pregnancies38,39. Macrosomia 
was defined as a neonatal birth weight not less than 4000 g. Neonatal hypoglycemia was defined as neonatal 
peripheral blood glucose < 2.2 mmol/L40.

Statistical analyses
Continuous variables are presented as the means ± standard deviations (SDs) if normally distributed and median 
values (25th, 75th percentiles) if skewed. Categorical variables are summarized as numbers (percentages). 
Comparisons were performed among the four groups by ANOVA, the Kruskal‒Wallis test and the chi-square 
test (or Fisher’s exact test) according to the variance type, and the Bonferroni correction was further used for 
multiple comparisons. Logistic regression was performed to analyze the associations between adverse perinatal 
outcomes (binary) and the timing of diagnosis, and the results are presented as odds ratios (ORs) and 95% 
confidence intervals (95% CIs). PGDM patients who were diagnosed before pregnancy constituted the reference 
group. The models were adjusted for maternal age, hospital, pre-pregnancy BMI, family history of diabetes, 
GWG, neonatal sex and gestational age at delivery. All the statistical analyses were performed with SPSS 25.0 
software. P values were two-sided, the statistical significance was set as 0.05, and in the multiple comparisons, 
this value was set as 0.0083 (0.05/6).

Data availability
All the data in this study will be shared by the corresponding author upon reasonable request.
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