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Background

Since the implementation of China’s new birth policy, the incidence of large for gestational age (LGA) and macrosomia associated with gestational diabetes mellitus (GDM) has increased. It remains unclear whether a history of GDM in a previous pregnancy raises the risk of LGA or macrosomia in Chinese women planning two or more pregnancies.





Aim

To analyze the association between previous GDM and the risk of LGA and macrosomia in second pregnancy.





Method

A retrospective study was conducted on a cohort of 3,131 women who had experienced two consecutive singleton births. The incidences of LGA and macrosomia in the second pregnancy were compared between women with and without previous GDM. The relationship between previous GDM and the occurrence of LGA and macrosomia was analyzed using multivariate logistic regression and stratified analysis.





Results

The incidence of LGA and macrosomia during the second pregnancy was significantly higher in women with previous GDM (22.67% and 10.25%, respectively) compared to those without prior GDM (15.34% and 5.06%, respectively) (P < 0.05). After adjusting for potential confounders, previous GDM was significantly associated with LGA (aOR: 1.511, 95% CI: 1.066-2.143) and macrosomia (aOR: 1.854, 95% CI: 1.118-3.076) in the second pregnancy. Stratified analysis revealed that these associations were present only in women without previous LGA, those with GDM, appropriate gestational weight gain (AGWG), non-advanced maternal age, and male newborns during the second pregnancy (P < 0.05). Compared to excessive GWG (EGWG), AGWG correlated with lower risks for LGA and macrosomia during the second pregnancy in women without prior GDM, an association not observed in those with previous GDM. Among women without previous GDM, if the pre-pregnancy BMI is normal, the risk of LGA and macrosomia is significant lower in AGWG compared with EGWG (P< 0.001), while this difference was no significant among women with prior GDM (P>0.05).





Conclusion

Previous GDM is strongly linked to LGA and macrosomia in subsequent pregnancies. However, this relationship is influenced by GWG, prior LGA history, fetal sex, and maternal age. Managing weight alone may not sufficiently reduce the risk of LGA or macrosomia for women with a history of GDM.
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1 Introduction

Large for gestational age (LGA) refers to infants whose birth weight exceeds the 90th percentile for their gestational age and sex, while macrosomia is defined as a birth weight of 4000g or more. In China, the incidence of LGA ranges from 7.4% to 16.8% (1, 2), and macrosomia affects 4.0% to 9.2% of infants (1, 3). Both LGA and macrosomia are associated with elevated risks of emergency cesarean sections, prolonged second stages of labor, shoulder dystocia, birth canal lacerations, and neonatal birth injuries (4, 5). Additionally, they pose potential long-term risks of obesity (6) and diabetes (7). Reducing the incidence of LGA and macrosomia is thus essential for maternal and child health. Known risk factors include gestational diabetes mellitus (GDM) (8), inter-pregnancy weight changes (9, 10), prolonged pregnancy intervals (11), pre-pregnancy overweight or obesity (12, 13), excessive weight gain during pregnancy (12, 14), advanced maternal age (1), multiparity (15), and fetal sex (1).

GDM is a kind of diabetes diagnosed in pregnancy, and its prevalence in China is as high as 14.8% to 16.8% (2, 16). With the increase of multipara and/or advanced pregnancies in China, the risk of GDM also rises. The association between GDM in a previous pregnancy and the risk of LGA in a second pregnancy has been suggested by a 2014 study in the United States (17). However, this particular study did not investigate the risk of macrosomia. Conversely, a recent Chinese study found no significant association between prior GDM and the risk of macrosomia in a second pregnancy, and it also did not examine the LGA risk (18). In September 2020, the growth standard curves of birth weight of Chinese newborns of different gestation was published (19), allowing for more accurate diagnosis of LGA. Thus, it is crucial to investigate the risk factors for LGA and macrosomia using these updated criteria in the Chinese population. A retrospective analysis of clinical data from our center aims to explore the relationship between GDM in a previous pregnancy and the risk of LGA and macrosomia in a subsequent pregnancy.




2 Materials and methods



2.1 Study design and population

This retrospective study comprised pregnant women who delivered two consecutive singletons at Peking University Shenzhen Hospital from January 2002 to March 2024. The inclusion criteria were: both pregnancies reached 28 weeks of gestation or later, involved singleton pregnancies, and maternal age between 18 and 50 years. The exclusion criteria included: stillbirth, fetal malformation in either pregnancy, multiple pregnancies, pregestational diabetes mellitus, and other pregnancy complications such as chronic hypertension, preeclampsia, intrahepatic cholestasis, or severe cardiac or renal disease in the second pregnancy. Cases lacking information on GDM diagnosis, pre-pregnancy body mass index (BMI), weight gain during pregnancy, and newborn birth weight were also excluded. Eligible cases that met both inclusion and exclusion criteria were selected from the hospital’s medical records. Participants with two deliveries were matched by name, ID number, and delivery time. Data such as age, height, pre-pregnancy BMI, gestational weight gain, nationality, parity, delivery method, gestational age at delivery, neonatal birth weight, neonatal gender, and GDM status were collected from both the hospital’s medical record system and the Shenzhen Maternal and Child Health Care System. This study received approval from the Ethics Committee of Peking University Shenzhen Hospital (No. 2023-103-1).




2.2 Diagnostic criteria and definitions of index

According to IADPSG criteria (20), GDM is diagnosed via a 75g oral glucose tolerance test if any of the following plasma glucose values are met: a fasting plasma glucose level of ≥5.1 mmol/L, or 1-h and 2-h plasma glucose levels of ≥10.0 mmol/L and ≥8.5 mmol/L, respectively. LGA was defined as a newborn whose birth weight exceeds the 90th percentile for their corresponding gestational age and sex, according to the Growth standard curves of birth weight of Chinese newborns of different gestation (19). Macrosomia is diagnosed if a newborn’s birth weight is equal to or greater than 4000g.

Body Mass Index (BMI) is calculated by dividing weight (kg) by height squared (m²). According to the standard of Chinese population (21), a BMI of less than 18.5 kg/m² is classified as underweight, a BMI between 18.5 kg/m² and 24 kg/m² as normal weight, a BMI between 24 kg/m² and 28 kg/m² as overweight, and a BMI over 28 kg/m² as obese. The inter-pregnancy change of BMI (IPCB) is determined by subtracting the pre-pregnancy BMI of the previous pregnancy from the pre-pregnancy BMI of the subsequent pregnancy. The inter-pregnancy interval (IPI) is the period (in months) between the end of one pregnancy and the start of the next. Gestational weight gain (GWG) is calculated by subtracting pre-pregnancy weight from the weight before delivery. According to the Standard of Recommendation for Weight Gain During Pregnancy (WST801-2022) (22), appropriate GWG (AGWG) is: 11.0 to 16.0 kg for individuals with a pre-pregnancy BMI of less than 18.5 kg/m², 8.0 to 14.0 kg for a pre-pregnancy BMI of under 24 kg/m², 7.0 to 11.0 kg for a pre-pregnancy BMI of under 28 kg/m², and 5.0 to 9.0 kg for those with a pre-pregnancy BMI over 28 kg/m². GWG below these ranges is classified as insufficient (IGWG), while values above are deemed excessive (EGWG).




2.3 Statistical analysis

Data were analyzed using SPSS 26.0 statistical software. Categorical variables were presented as [n (%)], and assessed with the chi-squared test. Continuous data were expressed as mean ± SD, and normality was evaluated using the Shapiro-Wilk test. Normally distributed variables were compared using the student’s t-test, while non-normally distributed variables were reported as median (interquartile range; IQR) and compared using the Mann-Whitney U test. Multivariable logistic regression models were employed to explore the association between previous GDM and the incidence of LGA and macrosomia in subsequent pregnancies. Stratified logistic multivariate analysis was conducted to examine the impact of previous GDM on LGA and macrosomia in the second pregnancy across groups divided by previous LGA, GDM, maternal age, sex of the newborn, and gestational weight gain (GWG) in the second pregnancy. A P-value of less than 0.05 was considered statistically significant.





3 Results



3.1 The characteristics of study population

This study included a total of 3,131 pregnant women (Figure 1). In their previous pregnancies, 322 cases (10.28%) had GDM, 313 cases (10.00%) had LGA, and 135 cases (4.31%) had macrosomia. During their second pregnancies, 501 cases (16.00%) had GDM, 504 cases (16.10%) had LGA, and 175 cases (5.59%) had macrosomia. The average birth weight in the second pregnancy (3304.66 ± 423.57g) was significantly higher than in the previous pregnancy (3237.96±439.22g) (t=6.117, P<0.001). Additionally, the incidence of LGA was significantly higher in the second pregnancy compared to the previous one (χ2 = 51.352, P < 0.001), as was the incidence of macrosomia (χ2 = 5.430, P = 0.020). In women who experienced GDM during their first pregnancy, the likelihood of developing GDM in their second pregnancy was markedly higher compared to those who did not have GDM initially (P<0.001). No significant differences were observed in the risk of other complications and comorbidities between the groups (P>0.05) (Supplementary Table S1).




Figure 1 | Flow chart showing inclusion and exclusion in this study. GWG: gestational weight gain; BMI: body mass index.



Given that GWG during the second pregnancy is a crucial confounding factor, we analyzed its association with other risk factors, including prior GDM. The GWG of the second pregnancy in women with a history of GDM (12.08 ± 4.35 kg) was significantly lower than that of women without previous GDM (13.38 ± 4.23 kg) (P < 0.001) (Supplementary Table S2). Similarly, women with GDM in the second pregnancy had a lower GWG (11.92 ± 4.19 kg) compared to those without GDM in the second pregnancy (13.50 ± 4.23 kg) (P < 0.001). However, there was no significant difference in GWG during the second pregnancy between groups categorized by previous LGA, advanced pregnancy, or male newborns in the second pregnancy (P > 0.05) (Supplementary Table S2).

The median inter-pregnancy change in BMI (IPCB) was 0.80 kg/m² (ranging from -0.04 kg/m² to 1.90 kg/m²). A total of 1319 cases (42.13%) had a stable IPCB (-1.0 kg/m² to 1.0 kg/m²), 375 cases (11.98%) had an IPCB between 2.0 kg/m² and 3.0 kg/m², and 311 cases (9.93%) had an IPCB greater than 3.0 kg/m². The pre-pregnancy BMI of the subjects with GDM in the second pregnancy was 22.34 ± 3.11 kg/m², significantly higher than that of subjects without GDM in the second pregnancy (21.19 ± 2.76 kg/m²) (t=7.708, P<0.001).




3.2 The risk of LGA and macrosomia in the second pregnancy associated with prior GDM

The incidence of LGA in the second pregnancy for women with prior GDM (22.67%, 73/322) was significantly higher than that in women without previous GDM (15.34%, 431/2809) (χ²=11.484, P = 0.001) (Figure 2A). Similarly, the incidence of macrosomia in the second pregnancy for women with prior GDM (10.25%, 33/322) was significantly higher compared to women without previous GDM (5.06%, 142/2809) (χ²=14.765, P<0.001) (Figure 2A). Additionally, the birth weight of babies born to women with prior GDM (3350.09 ± 474.39g) was significantly higher than those born to women without previous GDM (3299.45 ± 417.13g) (t=2.033, P=0.042) (Figure 2B).




Figure 2 | Comparison of the incidence of LGA and macrosomia and the birth weight in the second pregnancy in different groups. The incidence of LGA and macrosomia significantly increased in women with previous GDM compared with those without previous GDM (A); The birth weight of second pregnancy in women with previous GDM was significantly higher than that in women without previous GDM (B); GDM, gestational diabetes mellitus; LGA, large for gestational age; *P<0.05; ***P<0.001; #in previous pregnancy.






3.3 Previous GDM independently contributed to the risk of LGA and macrosomia in the second pregnancy

In the unadjusted analysis, previous GDM, prior LGA, interpregnancy interval (IPI), maternal age, pre-pregnancy BMI, male newborn, GDM, and gestational weight gain (GWG) in the second pregnancy were all significantly associated with LGA in the second pregnancy (P<0.05) (Table 1), while nationality and IPCB were not significantly associated with LGA (Supplementary Table S3). Furthermore, previous GDM and prior LGA, IPCB, GDM, pre-pregnancy BMI, male newborn, and GWG in the second pregnancy were significantly linked to macrosomia in the second pregnancy (P<0.05) (Table 2), while nationality, IPI and maternal age were not significantly associated with macrosomia (Supplementary Table S4).


Table 1 | Impact of previous GDM and other risk factors on LGA in subsequent pregnancy.




Table 2 | Impact of previous GDM and other risk factors on macrosomia in subsequent pregnancy.



After adjusting for potential confounding factors using logistic multivariate regression, previous GDM, LGA, pre-pregnancy BMI, male newborn, and GWG in the second pregnancy were significantly associated with LGA in the second pregnancy (P<0.05) (Table 1). Collinearity analysis showed that there was no multicollinearity effect between these factors (Supplementary Table S5). However, the significant associations of IPI, maternal age and GDM in the second pregnancy with LGA in the second pregnancy were lost in the multivariate regression analysis (Table 1). The three-step analysis showed that maternal age in the second pregnancy was a mediator of the association between IPI and LGA (Supplementary Table S6, Supplementary Figure S1). Moreover, GDM in the first pregnancy confounded the association between GDM in the second pregnancy and LGA (Supplementary Table S7, Supplementary Figure S2).

Previous GDM, LGA, pre-pregnancy BMI, male newborn, and GWG in the second pregnancy were also significantly associated with macrosomia in the second pregnancy in logistic multivariate regression (P<0.05) (Table 2). However, the significant associations of IPCB and GDM in the second pregnancy with macrosomia in the second pregnancy were lost in the multivariate regression analysis (Table 2). The three-step analysis showed that pre-pregnancy BMI in the second pregnancy was a mediator of the association between IPCB and macrosomia (Supplementary Table S8, Supplementary Figure S3). Moreover, GDM in the first pregnancy confounded the association between GDM in the second pregnancy and macrosomia (Supplementary Table S9, Supplementary Figure S4).




3.4 The association between previous GDM and the occurrence of LGA and macrosomia varied in different populations

In a stratified logistic multivariate analysis, previous GDM was independently associated with an increased risk of LGA in the second pregnancy among women without prior LGA, with GDM, appropriate GWG, non-advanced pregnancy, and male newborns (P < 0.05) (Table 3). The adjusted OR values for these subjects (aOR: 1.738, 1.789, 1.926, 1.799, and 1.626) were all higher than that for the overall population (aOR: 1.511). Similarly, previous GDM was independently linked to a heightened risk of macrosomia in the same cohort (P < 0.05) (Table 3). The adjusted ORs for these subjects (aOR: 2.299, 2.769, 3.198, 2.067, and 2.438) also exceeded those of the overall population (aOR: 1.854). However, among women with previous LGA, EGWG, advanced pregnancy, and female newborns in the second pregnancy, no significant association was found between previous GDM and LGA or macrosomia (Table 3). In women without GDM in the second pregnancy, who had significantly higher GWG compared to those GDM women (Supplementary Table S2), previous GDM was not significantly associated with the risk of LGA or macrosomia (P > 0.05) (Table 3). Moreover, no significant interaction between stratification factors and GDM in the first pregnancy was found in the interaction analysis (P > 0.05) (Table 3).


Table 3 | Stratified multivariate logistic analysis of previous GDM for LGA and macrosomia in the second pregnancy.






3.5 The impact of GWG on LGA and macrosomia is influenced by prior GDM

In women without prior GDM, appropriate gestational weight gain (AGWG) was linked to lower risks of LGA and macrosomia in the second pregnancy when compared to excessive gestational weight gain (EGWG) in logistic multivariate analysis (Figure 3). Further stratified analyses indicated that the risk of LGA and macrosomia was significantly reduced in AGWG compared with EGWG in the normal weight group before the second pregnancy, while this difference was not significant in the underweight, overweight, or obese groups (Table 4).




Figure 3 | Adjusted odds ratios of AGWG versus EGWG for the risk of LGA and macrosomia in the second pregnancy. In women without previous GDM, AGWG owned significantly lower risk of LGA or macrosomia when compared with EGWG (red line). In women with previous GDM, there was no significant difference of the risk of LGA and macrosomia between AGWG and EGWG (blue line). GDM, gestational diabetes mellitus; LGA, large for gestational age; AGWG, appropriate gestational weight gain; EGWG, excessive gestational weight gain; aOR, adjusted odds ratio; *adjusted by nationality, previous LGA, IPI, IPCB, maternal age in the second pregnancy, GDM in the second pregnancy, pre-pregnancy BMI in the second pregnancy, male newborn in the second pregnancy, GWG in the second pregnancy.




Table 4 | Stratified multivariate logistic analysis of previous GDM for LGA and macrosomia in the second pregnancy.



Conversely, for women with a history of GDM, the risk of LGA or macrosomia showed no significant difference whether gestational weight gain was appropriate or excessive (Figure 3). Further stratified analysis suggested that no significant difference in the risk of LGA and macrosomia between AGWG and EGWG, regardless of pre-pregnancy BMI classification (underweight, normal, overweight, or obese) (Table 4).





4 Discussion

This study indicates that previous gestational diabetes mellitus (GDM) is linked to a higher risk of subsequent large for gestational age (LGA) and macrosomia. This relationship was observed in newborns of mothers who did not previously deliver LGA babies, were younger, gained appropriate weight during pregnancy, and had male newborns. Additionally, a history of GDM may hinder a pregnant woman’s ability to mitigate the risk of excessive fetal growth by controlling gestational weight gain (GWG). Over the past decade, the risk of LGA among Chinese women with GDM has remained relatively high, emphasizing the need to identify risk factors and implement effective intervention strategies (2). In the context of China’s new birth policy, the findings of this study underscore the clinical importance of managing GDM in a previous pregnancy to reduce the risk of LGA and macrosomia in subsequent pregnancies.

A previous report from the United States indicated that a history of GDM increases the risk of LGA in subsequent pregnancies (17). However, a recent multicenter study in China did not find this association (18). This study suggested that the lack of association might be due to effective GDM control (18). Considering the recent reports on the birth weight curve (19) and gestational weight gain standards (22) for the Chinese population, there is a growing need to explore the relationship between GDM, LGA, macrosomia, and GWG in this demographic. The impact of gestational diabetes mellitus (GDM) in a prior pregnancy on large-for-gestational-age (LGA) infants in a subsequent pregnancy may be associated with post-pregnancy insulin resistance. Compared to women without a history of GDM, those with such a history exhibit lower insulin sensitivity and impaired β-cell function, leading to subclinical hyperglycemia in their second pregnancy (23). Insulin resistance during the second trimester is linked to an increased risk of LGA, independent of maternal obesity or blood glucose levels (24). Lin et al. (25) proposed that GDM, combined with insulin resistance, heightens the risk of LGA. Furthermore, increased insulin resistance during pregnancy has been correlated with excessive weight gain, macrosomia, and LGA in Chinese women with GDM (26).

Univariate analysis initially indicated an association between IPI, maternal age, GDM in the second pregnancy with LGA in the second pregnancy. However, these relationships were not supported by multivariate analysis. Collinearity analysis confirmed the absence of multicollinearity among these variables. Notably, IPI showed a strong positive correlation with maternal age in the second pregnancy, as revealed by the three-step method. When considering maternal age as a mediator, IPI was not independently linked to LGA in the second pregnancy. Similarly, GDM in the second pregnancy, initially significant in univariate analysis, lost its association with LGA and macrosomia in multivariate analysis, likely due to the confounding effect of GDM in the first pregnancy, which significantly influenced GDM, LGA, and macrosomia in the second pregnancy. It is reported that the effect of pre-pregnancy overweight/obesity on the macrosomia and LGA was partly mediated by GDM (3). These findings underscore the necessity of accounting for interactions among risk factors when examining their influence on LGA in subsequent pregnancies.

In women without a history of LGA delivery, previous GDM is linked to a heightened risk of LGA and macrosomia in subsequent pregnancy. Compared to the general population, this risk is particularly higher in these women (aOR 1.738 vs. 1.511). Conversely, no such correlation is found in women with a history of LGA. This could be attributed to the fact that a history of LGA is a significant risk factor for LGA in future pregnancies (27), where the OR values for LGA and macrosomia in subsequent pregnancy are 6.318 and 5.616, respectively. The influence of GDM might be diminished by the prior LGA, rendering it non-significant. This indicates that GDM’s impact may fluctuate based on the presence or absence of a history of LGA. Women without a history of LGA delivery often represent the majority and are generally perceived to have a lower risk of LGA, yet GDM can still pose significant adverse effects.

A history of GDM significantly increased the risk of LGA and macrosomia in younger women (<35 years), while this association was not observed in advanced pregnancies. According to the multivariate analysis (Tables 1, 2), the age of the second pregnancy was not an independent risk factor for LGA or macrosomia. However, studies have reported that advanced maternal age (1) or maternal age ≥30 years (28) are high risk factors for LGA and macrosomia. Another research indicates that birth weight and macrosomia increase with maternal age, with age 34 being the turning point, and the risk of low birth weight rises after age 36 (29). Animal studies suggest that placental dysfunction may cause an increased risk of fetal growth restriction in older pregnancies (30). Therefore, the effect of GDM history on excessive fetal growth may be weakened in older pregnant women. An early onset of diabetes significantly increases the risk of developing chronic complications and long-term adverse outcomes (31).

Prior GDM makes male fetuses more prone to LGA or macrosomia, unaffected by factors related to female fetuses. Since the sex of the fetus occurs randomly, it is not correlated with either GWG or LGA history. The heightened susceptibility of male fetuses to GDM-associated overgrowth compared to female fetuses may be attributed to sex differences in insulin-like growth factors (32). This is supported by the higher average birth weight of male fetuses compared to female fetuses and their greater propensity for LGA or macrosomia (33). Additionally, sex-specific extracellular miRNA have been linked to fetal growth and development (34). In female fetuses, levels of leptin (35) and the β-cell function index (HOMO-β) (36) in cord blood are higher than in male fetuses, warranting further investigation into their potential connection to LGA risk.

For women with GDM in their second pregnancy, the risk of LGA and macrosomia was significantly associated with a prior history of GDM. However, this association was not significant in women without GDM in their second pregnancy. Recurrent GDM is linked to obesity and insulin resistance (37), which explains the elevated risk of LGA and macrosomia. In women whose second pregnancy was free of GDM, metabolic disorders may have been corrected, rendering the history of GDM insignificant. Surprisingly, the overall multivariate analysis did not show a significant association between GDM in the second pregnancy and LGA or macrosomia (P > 0.05). We believe this outcome may be influenced by reverse causality, as women with GDM had significantly lower GWG compared to those without GDM in subsequent pregnancies (11.92 ± 4.19 kg vs 13.50 ± 4.23 kg) (Supplementary Table S2). A reduced GWG might protect pregnant women with GDM during their second pregnancy from LGA and macrosomia (38).

The results from stratified analyses suggest that the link between a history of GDM and LGA in the second pregnancy may be confined to specific subgroups. However, this association could also be influenced by the smaller sample sizes within these subgroups, as no significant interaction was found between stratification factors and GDM (P > 0.05). Another study from China also suggests that there was no significant interaction between GDM subtypes and pre-BMI for LGA (39). Expanding the sample size in future follow-up studies would help clarify the current study’s findings. Additionally, the wider 95% confidence intervals observed in these analyses could also be a result of reduced sample sizes after stratification. The variability in the study population and insufficient adjustment for confounding factors might further explain these wide confidence intervals, potentially leading to lower statistical power that obscures significant associations. Consequently, future research should consider multi-center studies with larger samples, incorporating factors such as diet, exercise, and lipid levels, to provide a more comprehensive understanding of the risk factors involved.

Gestational weight gain (GWG) is a significant risk factor for LGA and macrosomia across all BMI categories, especially in overweight and obese women (40). Appropriate gestational weight gain is known to reduce the risk of LGA in women with GDM and obesity (41). Conversely, excessive gestational weight gain (EGWG) increased the risk of LGA (42, 43). In our stratified analyses, a history of GDM was significantly associated with the risk of LGA and macrosomia in the appropriate gestational weight gain (AGWG) group, but not in the EGWG group. The negative outcomes in women with EGWG during their second pregnancy might stem from EGWG obscuring the influence of a previous GDM history on the incidence of LGA and macrosomia.

To reduce the risk of adverse pregnancy outcomes such as LGA and macrosomia, diet (44) and exercise (45) therapy are recommended in clinical practice for controlling gestational weight. However, our study indicates that a history of GDM may influence the effectiveness of weight management. In pregnant women with prior GDM, regardless of their BMI classification before the second pregnancy, the risk of LGA or macrosomia remains significant even if GWG is within the appropriate range. Conversely, in the absence of a GDM history and with a pre-pregnancy BMI within the normal range, maintaining GWG within the recommended limits can significantly reduce the risk of LGA and macrosomia. In overweight or underweight pregnant women with AGWG, the incidence of LGA decreased significantly (from 27.05% to 19.13% and from 12.73% to 6.70%, respectively). However, this reduction is not statistically significant due to the small sample size. This finding suggests that managing GWG to mitigate the risk of excessive fetal growth may be challenging in women with a history of GDM, while it may be more straightforward for those without GDM. A history of GDM is not only linked to an increased risk of LGA and complications in subsequent pregnancies but also affects the efficacy of weight management in mitigating these risks.

Preventing macrosomia involves the early detection of excessive fetal growth and its risk factors. Research suggests that fetal overgrowth related to GDM can be identified as early as 20 weeks of gestation (46). Additionally, blood glucose levels measured between 10 and 14 weeks show a positive correlation with estimated fetal weight from 23 weeks onward, becoming significant by 27 weeks (46). Measurements of fetal abdominal circumference and estimated fetal weight (EFW) at 19-21 weeks’ gestation are considered indicative of GDM in women with specific risk factors, such as a history of gestational diabetes, a pre-pregnancy BMI of 30 kg/m² or higher, or fasting plasma glucose levels between 5.6 and 6.9 mmol/L at the initial prenatal visit (47). Even before a formal GDM diagnosis, the fetus may exhibit accelerated growth directly linked to maternal hyperglycemia (48). Italian guidelines advise GDM screening for these high-risk women between 16 and 18 weeks of gestation to enable timely intervention and risk control for macrosomia (49). Compared to high-risk pregnant women screened for GDM at 24-28 weeks, those screened earlier at 16-18 weeks show smaller fetal abdominal circumferences and estimated weights (50). Furthermore, numerous maternal biological indicators have been proposed as predictors of macrosomia; however, their efficacy in early prediction requires further investigation (51). Certain differential species of maternal gut microbiota in early pregnancy may serve as potential predictors for preventing macrosomia (52). Therefore, for women with a history of GDM, enhanced monitoring of fetal or maternal markers early in the second trimester and earlier GDM screening can aid in identifying fetal overgrowth promptly, allowing for proactive strategies to minimize the incidence of macrosomia and LGA.

There are some limitations in this study. First, this single-center retrospective study spanned over 20 years, and some early cases were excluded due to a lack of GWG or pre-pregnancy BMI data, potentially introducing selection bias. Second, information on diet, exercise, and lipid profiles of the cases was not collected, and the influence of these confounding factors cannot be ruled out. Nevertheless, over 40% of cases showed a stable weight range (± 1kg/m²) between pregnancies, and less than 10% had an IPCB of more than 3 units, suggesting minimal changes in body weight and its related factors. Third, in the stratified analysis, some subgroups had insufficient sample sizes, affecting statistical power and potentially concealing differences. Increasing the sample size is necessary for further exploration. Fourth, the impact of a history of GDM on the association between GWG and the risk of LGA and macrosomia is based solely on retrospective observational data and requires confirmation through prospective intervention studies.

In conclusion, GDM in previous pregnancy is an independent risk factor for LGA and macrosomia in subsequent pregnancies, as indicated by this study. However, this relationship is influenced by factors such as GWG, prior LGA history, fetal sex, and maternal age. Managing weight alone may not sufficiently lower the risk of LGA or macrosomia in women with a history of GDM. Following the new birth policy in China, the proportion of multipara and advanced pregnancy has increased, leading to a higher incidence of GDM, LGA, and macrosomia. The study’s findings indicate a critical time window for controlling the risks of LGA and macrosomia. Mitigating the risk of GDM in a previous pregnancy can reduce the likelihood of LGA and macrosomia in subsequent pregnancies. Given the limitations of this single-center, retrospective study, a prospective multicenter study is necessary to verify these results further.





Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.





Ethics statement

The studies involving humans were approved by Research Ethics Committee of Peking University Shenzhen Hospital. The studies were conducted in accordance with the local legislation and institutional requirements. The ethics committee/institutional review board waived the requirement of written informed consent for participation from the participants or the participants’ legal guardians/next of kin because this was a large retrospective study involving 3,131 women. Obtaining written informed consent from all participants would have prevented the study from being conducted. In addition, since this study is based on group data statistics, no individual’s private information will be disclosed, so the necessity of obtaining written informed consent from the participants is small. Waiver of written informed consent was approved by the ethics committee.





Author contributions

YW: Conceptualization, Data curation, Formal analysis, Investigation, Methodology, Writing – original draft, Writing – review & editing. JY: Data curation, Formal analysis, Writing – original draft, Writing – review & editing. YL: Data curation, Writing – original draft, Software, Writing – review & editing. AY: Supervision, Writing – review & editing. YD: Supervision, Writing – review & editing. CX: Methodology, Writing – review & editing. SZ: Formal analysis, Writing – original draft, Conceptualization, Data curation, Funding acquisition, Investigation, Methodology, Project administration, Supervision, Writing – review & editing, Resources, Software, Validation, Visualization.





Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. This study was supported by the Shenzhen Science and Technology Program (JCYJ20210324110206017), Research Project of Peking University Shenzhen Hospital (LCYJ2021010), Shenzhen High-level Hospital Construction Fund (YBH2019-260) and Sanming Project of Medicine in Shenzhen (No.SZSM202011016).





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fendo.2025.1474694/full#supplementary-material




References

1. Hua, XG, Jiang, W, Hu, R, Hu, CY, Huang, K, Li, FL, et al. Large for gestational age and macrosomia in pregnancies without gestational diabetes mellitus. J Matern Neonatal Med. (2020) 33:3549–58. doi: 10.1080/14767058.2019.1578746

2. He, L-R, Yu, L, and Guo, Y. Birth weight and large for gestational age trends in offspring of pregnant women with gestational diabetes mellitus in southern China, 2012-2021. Front Endocrinol (Lausanne). (2023) 14:1166533. doi: 10.3389/fendo.2023.1166533

3. Song, X, Shu, J, Zhang, S, Chen, L, Diao, J, Li, J, et al. Pre-pregnancy body mass index and risk of macrosomia and large for gestational age births with gestational diabetes mellitus as a mediator: A prospective cohort study in central China. Nutrients. (2022) 14:1072. doi: 10.3390/nu14051072

4. Rosen, H, Shmueli, A, Ashwal, E, Hiersch, L, Yogev, Y, and Aviram, A. Delivery outcomes of large-for-gestational-age newborns stratified by the presence or absence of gestational diabetes mellitus. Int J Gynecol Obstet. (2018) 141:120–5. doi: 10.1002/ijgo.12387

5. Beta, J, Khan, N, Khalil, A, Fiolna, M, Ramadan, G, and Akolekar, R. Maternal and neonatal complications of fetal macrosomia: systematic review and meta-analysis. Ultrasound Obstet Gynecol. (2019) 54:308–18. doi: 10.1002/uog.20279

6. Derraik, JGB, Maessen, SE, Gibbins, JD, Cutfield, WS, Lundgren, M, and Ahlsson, F. Large-for-gestational-age phenotypes and obesity risk in adulthood: a study of 195,936 women. Sci Rep. (2020) 10:1–9. doi: 10.1038/s41598-020-58827-5

7. Scifres, CM. Short- and long-term outcomes associated with large for gestational age birth weight. Obstet Gynecol Clin North Am. (2021) 48:325–37. doi: 10.1016/j.ogc.2021.02.005

8. Chen, HM, Wu, CF, Hsieh, CJ, Kuo, FC, Sun, CW, Wang, SL, et al. Relationship of maternal body weight and gestational diabetes mellitus with large-for-gestational-age babies at birth in Taiwan: The TMICS cohort. Taiwan J Obstet Gynecol. (2022) 61:234–42. doi: 10.1016/j.tjog.2022.02.010

9. Shinohara, S, Horiuchi, S, Shinohara, R, Otawa, S, Kushima, M, Miyake, K, et al. Interpregnancy weight change as a potential risk factor for large-for-gestational-age infants: the Japan Environment and Children’s Study. J Matern Neonatal Med. (2023) 36:2209251. doi: 10.1080/14767058.2023.2209251

10. Ziauddeen, N, Wilding, S, Roderick, PJ, Macklon, NS, and Alwan, NA. Is maternal weight gain between pregnancies associated with risk of large-for-gestational age birth? Analysis of a UK population-based cohort. BMJ Open. (2019) 9:e026220. doi: 10.1136/bmjopen-2018-026220

11. Zhang, L, Shen, S, He, J, Chan, F, Lu, J, Li, W, et al. Effect of interpregnancy interval on adverse perinatal outcomes in Southern China: A retrospective cohort study, 2000–2015. Paediatr Perinat Epidemiol. (2018) 32:131–40. doi: 10.1111/ppe.12432

12. Sun, Y, Shen, Z, Zhan, Y, Wang, Y, Ma, S, Zhang, S, et al. Effects of pre-pregnancy body mass index and gestational weight gain on maternal and infant complications. BMC Pregnancy Childbirth. (2020) 20:390. doi: 10.1186/s12884-020-03071-y

13. Yang, W, Liu, J, Li, J, Liu, J, Liu, H, Wang, Y, et al. Interactive effects of prepregnancy overweight and gestational diabetes on macrosomia and large for gestational age: A population-based prospective cohort in Tianjin, China. Diabetes Res Clin Pract. (2019) 154:82–9. doi: 10.1016/j.diabres.2019.06.014

14. Koren, R, Idan, C, Elkan, M, Koren, S, and Wiener, Y. The risk of small and large for gestational age newborns in women with gestational diabetes according to pre-gestational body mass index and weight gain. J Matern Neonatal Med. (2024) 35:8382–7. doi: 10.1080/14767058.2021.1974390

15. Chauhan, SP, Rice, MM, Grobman, WA, Bailit, J, Reddy, UM, Wapner, RJ, et al. Neonatal and maternal composite adverse outcomes among low-risk nulliparous women compared with multiparous women at 39-41 weeks of gestation. Obstet Gynecol. (2020) 136:450–7. doi: 10.1097/AOG.0000000000003951

16. Gao, C, Sun, X, Lu, L, Liu, F, and Yuan, J. Prevalence of gestational diabetes mellitus in mainland China: A systematic review and meta-analysis. J Diabetes Investig. (2019) 10:154–62. doi: 10.1111/jdi.12854

17. Boghossian, NS, Yeung, E, Albert, PS, Mendola, P, Laughon, SK, Hinkle, SN, et al. Changes in diabetes status between pregnancies and impact on subsequent newborn outcomes. Am J Obstet Gynecol. (2014) 210:431.e1–431.e14. doi: 10.1016/j.ajog.2013.12.026

18. Juan, J, Wei, Y, Song, G, Su, R, Chen, X, Shan, R, et al. Risk factors for macrosomia in multipara: A multi-center retrospective study. Children. (2022) 9:1–10. doi: 10.3390/children9070935

19. Capital Institute of Pediatrics, and Coordinating Study Group of Nine Cities on the Physical Growth and Development of Children. Growth standard curves of birth weight, length and head circumference of Chinese newborns of different gestation. Zhonghua er ke za zhi = Chin J Pediatr. (2020) 58:738–46. doi: 10.3760/cma.j.cn112140-20200316-00242

20. Wendland, EM, Torloni, MR, Falavigna, M, Trujillo, J, Dode, MA, Campos, MA, et al. Gestational diabetes and pregnancy outcomes - a systematic review of the World Health Organization (WHO) and the International Association of Diabetes in Pregnancy Study Groups (IADPSG) diagnostic criteria. BMC Pregnancy Childbirth. (2012) 12:23. doi: 10.1186/1471-2393-12-23

21. Chen, K, Shen, Z, Gu, W, Lyu, Z, Qi, X, Mu, Y, et al. Prevalence of obesity and associated complications in China: A cross-sectional, real-world study in 15.8 million adults. Diabetes Obes Metab. (2023) 25:3390–9. doi: 10.1111/dom.15238

22.Standard of recommendation for weight gain during pregnancy period. Biomed Environ Sci. (2022) 35:875–7. doi: 10.3967/bes2022.114

23. Kotzaeridi, G, Blätter, J, Eppel, D, Rosicky, I, Falcone, V, Adamczyk, G, et al. Recurrence of gestational diabetes mellitus: to assess glucose metabolism and clinical risk factors at the beginning of a subsequent pregnancy. J Clin Med. (2021) 10:4794. doi: 10.3390/jcm10204794

24. Yamashita, H, Yasuhi, I, Fukuda, M, Kugishima, Y, Yamauchi, Y, Kuzume, A, et al. The association between maternal insulin resistance in mid-pregnancy and neonatal birthweight in uncomplicated pregnancies. Endocr J. (2014) 61:1019–24. doi: 10.1507/endocrj.EJ14-0163

25. Lin, J, Jin, H, and Chen, L. Associations between insulin resistance and adverse pregnancy outcomes in women with gestational diabetes mellitus: a retrospective study. BMC Pregnancy Childbirth. (2021) 21:526. doi: 10.1186/s12884-021-04006-x

26. Li, J, Leng, J, Li, W, Zhang, C, Feng, L, Wang, P, et al. Roles of insulin resistance and beta cell dysfunction in macrosomia among Chinese women with gestational diabetes mellitus. Prim Care Diabetes. (2018) 12:565–73. doi: 10.1016/j.pcd.2018.07.010

27. Hiersch, L, Shinar, S, Melamed, N, Aviram, A, Hadar, E, Yogev, Y, et al. Birthweight and large for gestational age trends in non-diabetic women with three consecutive term deliveries. Arch Gynecol Obstet. (2018) 298:725–30. doi: 10.1007/s00404-018-4872-8

28. Cao, J, Xu, W, Liu, Y, Zhang, B, Zhang, Y, Yu, T, et al. Trends in maternal age and the relationship between advanced age and adverse pregnancy outcomes: a population-based register study in Wuhan, China, 2010–2017. Public Health. (2022) 206:8–14. doi: 10.1016/j.puhe.2022.02.015

29. Wang, S, Yang, L, Shang, L, Yang, W, Qi, C, Huang, L, et al. Changing trends of birth weight with maternal age: a cross-sectional study in Xi’an city of Northwestern China. BMC Pregnancy Childbirth. (2020) 20:744. doi: 10.1186/s12884-020-03445-2

30. Lean, SC, Heazell, AEP, Dilworth, MR, Mills, TA, and Jones, RL. Placental dysfunction underlies increased risk of fetal growth restriction and stillbirth in advanced maternal age women. Sci Rep. (2017) 7:9677. doi: 10.1038/s41598-017-09814-w

31. Lascar, N, Brown, J, Pattison, H, Barnett, AH, Bailey, CJ, and Bellary, S. Type 2 diabetes in adolescents and young adults. Lancet Diabetes Endocrinol. (2018) 6:69–80. doi: 10.1016/S2213-8587(17)30186-9

32. Estrella, CAS, Gatford, KL, Xiang, R, Javadmanesh, A, Ghanipoor-Samami, M, Nattrass, GS, et al. Asymmetric growth-limiting development of the female conceptus. Front Endocrinol (Lausanne). (2024) 14:1306513. doi: 10.3389/fendo.2023.1306513

33. Rao, J, Fan, D, Wu, S, Lin, D, Zhang, H, Ye, S, et al. Trend and risk factors of low birth weight and macrosomia in south China, 2005-2017: A retrospective observational study. Sci Rep. (2018) 8:1–8. doi: 10.1038/s41598-018-21771-6

34. Rodosthenous, RS, Burris, HH, Sanders, AP, Just, AC, Dereix, AE, Svensson, K, et al. Second trimester extracellular microRNAs in maternal blood and fetal growth: An exploratory study. Epigenetics. (2017) 12:804–10. doi: 10.1080/15592294.2017.1358345

35. Huang, R, Dong, Y, Levy, E, Julien, P, Marc, I, He, H, et al. Large-for-gestational-age, leptin, and adiponectin in infancy. J Clin Endocrinol Metab. (2022) 107:e688–97. doi: 10.1210/clinem/dgab642

36. Huang, R, Dong, Y, Nuyt, AM, Levy, E, Wei, SQ, Julien, P, et al. Large birth size, infancy growth pattern, insulin resistance and β-cell function. Eur J Endocrinol. (2021) 185:77–85. doi: 10.1530/EJE-20-1332

37. Nabi, T, Rafiq, N, Charak, G, and Mishra, S. Maternal and neonatal outcomes in women with recurrent gestational diabetes mellitus. Diabetes Metab Syndr Clin Res Rev. (2022) 16:102420. doi: 10.1016/j.dsx.2022.102420

38. Ke, J-F, Liu, S, Ge, R-L, Ma, L, and Li, M-F. Associations of maternal pre-pregnancy BMI and gestational weight gain with the risks of adverse pregnancy outcomes in Chinese women with gestational diabetes mellitus. BMC Pregnancy Childbirth. (2023) 23:414. doi: 10.1186/s12884-023-05657-8

39. Wang, N, Song, L, Sun, B, Peng, Y, Fei, S, Cui, J, et al. Contribution of gestational diabetes mellitus heterogeneity and prepregnancy body mass index to large-for-gestational-age infants—A retrospective case-control study. J Diabetes. (2021) 13:307–17. doi: 10.1111/1753-0407.13113

40. Liu, N, Lyu, J, Wang, H, Sun, Y, Zhang, S, Lin, H, et al. Weekly weight gain in women with gestational diabetes mellitus and neonatal birth weight — China, 2011–2021. China CDC Wkly. (2023) 5:703–9. doi: 10.46234/ccdcw2023.135

41. Mustaniemi, S, Nikkinen, H, Bloigu, A, Pouta, A, Kaaja, R, Eriksson, JG, et al. Normal gestational weight gain protects from large-for-gestational-age birth among women with obesity and gestational diabetes. Front Public Heal. (2021) 9:550860. doi: 10.3389/fpubh.2021.550860

42. Gou, BH, Guan, HM, Bi, YX, and Ding, BJ. Gestational diabetes: weight gain during pregnancy and its relationship to pregnancy outcomes. Chin Med J (Engl). (2019) 132:154–60. doi: 10.1097/CM9.0000000000000036

43. Victor, A, de França da Silva Teles, L, Aires, IO, de Carvalho, LF, Luzia, LA, Artes, R, et al. The impact of gestational weight gain on fetal and neonatal outcomes: the Araraquara Cohort Study. BMC Pregnancy Childbirth. (2024) 24:320. doi: 10.1186/s12884-024-06523-x

44. Rasmussen, L, Poulsen, CW, Kampmann, U, Smedegaard, SB, Ovesen, PG, and Fuglsang, J. Diet and healthy lifestyle in the management of gestational diabetes mellitus. Nutrients. (2020) 12:3050. doi: 10.3390/nu12103050

45. Vargas-Terrones, M, Nagpal, TS, and Barakat, R. Impact of exercise during pregnancy on gestational weight gain and birth weight: an overview. Braz J Phys Ther. (2019) 23:164–9. doi: 10.1016/j.bjpt.2018.11.012

46. Li, M, Hinkle, SN, Grantz, KL, Kim, S, Grewal, J, Grobman, WA, et al. Glycaemic status during pregnancy and longitudinal measures of fetal growth in a multi-racial US population: a prospective cohort study. Lancet Diabetes Endocrinol. (2020) 8:292–300. doi: 10.1016/S2213-8587(20)30024-3

47. Quaresima, P, Visconti, F, Chiefari, E, Mirabelli, M, Borelli, M, Caroleo, P, et al. Appropriate timing of gestational diabetes mellitus diagnosis in medium- And low-risk women: Effectiveness of the Italian NHS recommendations in preventing fetal macrosomia. J Diabetes Res. (2020) 2020:5393952. doi: 10.1155/2020/5393952

48. Mirabelli, M, Chiefari, E, Tocci, V, Greco, E, Foti, D, and Brunetti, A. Gestational diabetes: Implications for fetal growth, intervention timing, and treatment options. Curr Opin Pharmacol. (2021) 60:1–10. doi: 10.1016/j.coph.2021.06.003

49. Italian Ministry of Health. Linee guida gravidanza fisiologica aggiornamento 2011. sistema nazionale per le linee guida dell’Istituto Superiore di Sanità. (2011). Roma, Italy. Available at: http://www.salute.gov.it/imgs/C_17_pubblicazioni_1436_allegato.pdf (Accessed April 20, 2020).

50. Chiefari, E, Quaresima, P, Visconti, F, Mirabelli, M, and Brunetti, A. Gestational diabetes and fetal overgrowth: time to rethink screening guidelines. Lancet Diabetes Endocrinol. (2020) 8:561–2. doi: 10.1016/S2213-8587(20)30189-3

51. Nahavandi, S, Seah, Jm, Shub, A, Houlihan, C, and Ekinci, EI. Biomarkers for macrosomia prediction in pregnancies affected by diabetes. Front Endocrinol (Lausanne). (2018) 9:407. doi: 10.3389/fendo.2018.00407

52. Zhong, Z, et al. Association between the maternal gut microbiome and macrosomia. Biol (Basel). (2024) 13:1–16. doi: 10.3390/biology13080570




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.


Copyright © 2025 Wang, Yang, Liu, Yang, Deng, Xu and Zhong. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fendo-16-1474694-g003.jpg
aOR*  95% CI

LGA without previous GDM . : 0.474 0.369-0.608
macrosomia without previous GDM —— : 0.279 0.177-0.440
LGA with previous GDM 0.731 0.385-1.385

macrosomia with previous GDM —— (.571 0.231-1.412

|—|—|—|—|—|—|—|—|—|—i—|—|—|—|—|
0.0 0.5 1.0 1.5





OEBPS/Images/fendo-16-1474694-g002.jpg
.

<

GDM*

*

3
=
-
o
c
O
c

o o = o

= = =

= = =]

e < N

(6) Aoueubaid puodsas ayj ul Jybiam yuiqg ay L

O
H+
5 5
O %* n
O = * O
s O O
c O m
O O

* Xk Xk

LGA

5 0 5 0 5 O
N N ol -

(o,) Aoueubaid puodsas ayj ui asuapioul ay





OEBPS/Images/fendo.2025.1474694_cover.jpg
, frontiers | Frontiers in Endocrinology

Gestational diabetes mellitus in previous
pregnancy associated with the risk of large
for gestational age and macrosomia in the

second pregnancy





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Gestational diabetes mellitus in previous pregnancy associated with the risk of large for gestational age and macrosomia in the second pregnancy

      

        		

          Background

        



        		

          Aim

        



        		

          Method

        



        		

          Results

        



        		

          Conclusion

        



        		

          1 Introduction

        



        		

          2 Materials and methods

        

          		

            2.1 Study design and population

          



          		

            2.2 Diagnostic criteria and definitions of index

          



          		

            2.3 Statistical analysis

          



        



        



        		

          3 Results

        

          		

            3.1 The characteristics of study population

          



          		

            3.2 The risk of LGA and macrosomia in the second pregnancy associated with prior GDM

          



          		

            3.3 Previous GDM independently contributed to the risk of LGA and macrosomia in the second pregnancy

          



          		

            3.4 The association between previous GDM and the occurrence of LGA and macrosomia varied in different populations

          



          		

            3.5 The impact of GWG on LGA and macrosomia is influenced by prior GDM

          



        



        



        		

          4 Discussion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          Supplementary material

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
Non-adjusted Adjusted*

Risk factors

95% Cl for OR 95% Cl for OR
GDM in previous pregnancy 2.145 1.441-3.192 <0.001 ‘ 1.854 1.118-3.076 0.017
LGA in previous pregnancy 7.235 5.200-10.066 <0.001 5.616 3.857-8.177 <0.001
Pre-pregnancy BMI in the second pregnancy 1.186 1.134-1.241 <0.001 1.163  1.095-1.234 <0.001
Male newborn in the second pregnancy 2510 1.779-3.541 <0.001 ‘ 2427  1.679-3.51 <0.001
GWG in the second pregnancy 1.112 1.075-1.151 <0.001 1137 1.095-1.181 <0.001
IPCB 1.095 1.015-1.180 0.018 1.022 | 0.936-1.117 0.627
GDM in the second pregnancy 1.718 1.197-2.465 0.003 1236 | 0.787-1.943 0358

GDM, gestational diabetes mellitus; LGA, large for gestational age; IPCB, inter-pregnancy change of body mass index; GWG, gestational weight gain; *adjusted factors: previous GDM,
nationality, previous LGA, inter-pregnancy interval, IPCB, maternal age in the second pregnancy, GDM in the second pregnancy, pre-pregnancy BMI in the second pregnancy, male newborn in
the second pregnancy, GWG in the second pregnancy. Numbers with statistical significance were marked in bold.





OEBPS/Images/table4.jpg
Macrosomia

GDM'+UW+AGWG? (n=20) 2(10.00) 1(5.00)
- 0437 - =

GDM'+UW+EGWG’ (n=4) 1(25.00) 0(0.00)
GDM'+NW+AGWG? (n=92) 13(14.13) 5(5.43)

2.007 0.157 1.938 0.164
GDM'+NW+EGWG? (n=90) 20(22.22) 10(11.11)
GDM'+OB+AGWG? (n=20) 10(50.00) 4(20.00)

0.033 0.855 0.682 0.409
GDM'+OB+EGWG? (n=40) 21(52.50) 12(30.00)
non-GDM'+UW+AGWG? (n=194) 13(6.70) 1(0.52)

3.150 0.076 - 0.059*
non-GDM'+UW+EGWG? (n=110) 14(12.73) 4(3.64)
non-GDM'+NW+AGWG? (n=936) 98(10.47) 19(2.03)

30.924 <0.001 37.569 <0.001
non-GDM'+NW+EGWG? (n=913) 180(19.72) 76(8.32)
non-GDM'+OB+AGWG? (n=115) 22(19.13) 9(7.83)

2.746 0.098 0.441 0507
non-GDM'+OB+EGWG? (n=281) 76(27.05) 28(9.96)

GDM, gestational diabetes mellitus; LGA, large for gestational age; UW, underweight before the second pregnancy; NW, normal weight before the second pregnancy; OB, overweight or obese
before the second pregnancy; AGWG, appropriate gestational weight gain; EGWG, excessive gestational weight gain; 'in the first pregnancy; *in the second pregnancy; * Fisher’s precision
probability test. Numbers with statistical significance were marked in bold.





OEBPS/Images/table3.jpg
Effect of previous GDM on LGA in

Subgroups for analysis

aOR*

without LGA in previous pregnancy (n=2818) 1.738
with LGA in previous pregnancy (n=313) 0.978
without GDM in the second pregnancy (n=2630) 1375
with GDM in the second pregnancy (n=501) 1.789
insufficient GWG in the second pregnancy (n=316) 1.052
appropriate GWG in the second pregnancy (n=1377) 1.926
excessive GWG in the second pregnancy (n=1438) 1.448
maternal age less than 35 years in the second 1799
pregnancy (n=2214)

maternal age > 35 years in the second pregnancy (n=917) 1153
male newborn in the second pregnancy (n=1689) 1.626
female newborn in the second pregnancy (n=1442) 1.409

the second pregnancy

P

o, *
e for interaction

1.179-2.562

0.158
0.457-2.091
0.849-2.225

0.602
1.055-3.034
0.323-3.421
1.077-3.444 0.195
0.894-2.345
1.169-2.769

0.081
0.629-2.114
1.026-2.578

0.690
0.818-2.425

Effect of previous GDM on
macrosomia in the second pregnancy

aOR*

2299
1.376
1199
2.769
1.260
3.198

1.626

2.067

1.509
2.438

1122

95% CI*

1.235-4.280
0.574-3.301

0.549-2.617
1.298-5.907
0.092-17.258
1.199-8.525

0.875-3.018

1.118-3.823

0.600-3.793
1.347-4.413

0.402-3.134

P
for interaction

0327

0.115

0.204

0.799

0.738

GDM, gestational diabetes mellitus; LGA, large for gestational age; GWG, gestational weight gain; aOR, adjusted odds ratio; *adjusted factors: previous GDM, nationality, previous LGA, IPI,
IPCB, maternal age in the second pregnancy, GDM in the second pregnancy, pre-pregnancy BMI in the second pregnancy, male newborn in the second pregnancy, GWG in the second

pregnancy. Numbers with statistical significance were marked in bold.





OEBPS/Images/fendo-16-1474694-g001.jpg
Women with one or more pregnancies in
Peking university Shenzhen Hospital from
Jan 2002 to Mar 2024 (n=70,421)

Women with two consecutive pregnancies
(n=7,174)

Women with two consecutive pregnancies
with complete information (n=3,507)

Women with two consecutive pregnancies
included into this study (n=3,131)

Excluded due to:

Women with only one pregnancy (n=62.811)

Women with three or more pregnancies (n=281)
Women with unknown number of pregnancies (n=155)

Excluded due to:

Women without the information of GWG (n=2892)
Women without the information of diagnosis (n=418)
Women without the information of BMI (n=357)

Excluded due to:

Women with other complications or multiple pregnancies
(n=357)

Women with still birth or fetal malformation (n=17)
Women with delivery before 28 gestational weeks (n=2)






OEBPS/Images/logo.jpg
, frontiers ’ Frontiers in Endocrinology





OEBPS/Images/table1.jpg
Non-adjusted Adjusted*

Risk factors

95% Cl for OR 95% Cl for OR
GDM in previous pregnancy 1.618 | 1.222-2.141 0.001 1511  1.066-2.143 0.021
Male newborn in the second pregnancy 1.273 | 1.049-1.544 0.014 1.282  1.035-1.589 0.023
LGA in previous pregnancy 7.167 ] 5.590-9.188 <0.001 ‘ 6.318  4.818-8.285 <0.001
Pre-pregnancy BMI in the second pregnancy 1.150 ‘ 1.114-1.187 <0.001 1130 1.084-1.178 <0.001
GWG in the second pregnancy 1.067  1.044-1.091 <0.001 1091 1.064-1.119 <0.001
1PI 1.004  1.001-1.007 0.011 ‘ 1002 0.997-1.006 0.478
Maternal age in the second pregnancy 1.042  1.016-1.070 0.002 1.020 | 0.985-1.055 0.266
GDM in the second pregnancy 1.374  1.077-1.753 0.010 1.029  0.759-1.395 0.853

GDM, gestational diabetes mellitus; LGA, large for gestational age; IPI, inter-pregnancy interval; GWG, gestational weight gain; *adjusted factors: previous GDM, nationality, previous LGA, IPI,
inter-pregnancy change of body mass index, maternal age in the second pregnancy, GDM in the second pregnancy, pre-pregnancy BMI in the second pregnancy, male newborn in the second
pregnancy, GWG in the second pregnancy. Numbers with statistical significance were marked in bold.





