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Introduction

The prevalence of Gestational Diabetes Mellitus (GDM) is increasing globally, and high levels of triglyceride (TG) and low levels of free thyroxine (FT4) in early pregnancy are associated with an increased risk of GDM; however, the interaction and mediation effects remain unknown. The aim of the present study is to examine the impact of FT4 and TG combined effects on the prevalence of GDM and the corresponding casual paths among women in early pregnancy.



Materials and methods

This study comprised 40,156 pregnant women for whom early pregnancy thyroid hormones, fasting blood glucose as well as triglyceride were available. GDM was diagnosed using a 2-hour 75-g oral glucose tolerance test (OGTT) according to the American Diabetes Association guidelines, and the pregnant women were grouped and compared according to the results.



Results

An L-shaped association between FT4 and GDM was observed. The prevalence of GDM increased with increasing TG levels. After accounting for multiple covariables, the highest risk for GDM was found among pregnant women of lower FT4 with the highest TG concentrations (odds ratio, 2.44, 95% CI, 2.14 to 2.80; P<0.001) compared with mothers of higher FT4 with the TG levels in the lowest quartile (Q1). There was a significant interaction effect of maternal FT4 and TG levels on the risk for GDM (P for interaction = 0.036). The estimated proportion of the mediating effect of maternal TG levels was 21.3% (95% CI, 15.6% to 36.0%; P < 0.001). In the sensitivity analysis, the mediating effect of TG levels was stable across subgroups.



Conclusion

This study demonstrated an L-shaped association between maternal FT4 levels and GDM and the benefit of low TG levels, in which maternal TG levels act as an important mediator in this association. Our findings suggested that pregnant women who treat hypothyroidism should also reduce triglycerides levels in early pregnancy to prevent GDM development.
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Introduction

Gestational diabetes mellitus (GDM) is defined as glucose intolerance that is first detected during pregnancy and is a very common complication of pregnancy, occurring in 3% to 9% of pregnant women (1). The occurrence of GDM has adverse effects on pregnant women and their newborns. For example, mothers with GDM are more likely to suffer from glucose metabolism disorders during long-term follow-up after pregnancy, and their children are more likely to be obese when they grow up (2, 3). Gestational diabetes is usually diagnosed between 24 and 28 weeks of gestation, but if people at high risk of GDM are identified early, the risk can be reduced through lifestyle and/or medical interventions (4). However, one intervention may not be appropriate for all high-risk women, although a healthy lifestyle can certainly be recommended for all pregnant women before and during pregnancy (5, 6). Therefore, many researchers are committed to exploring increasingly effective routine biochemical markers in early pregnancy, which is of great significance for the early identification and targeted guidance of groups at high risk for GDM.

Normal thyroid function during pregnancy is critical for both the mother and fetus. However, thyroid dysfunction is a common endocrine disorder in women, affecting approximately 4% of pregnant women (7). Thyroid hormones can promote islet cell function and proliferation and play important roles in regulating glucose homeostasis (8, 9). Studies have shown that patients with both clinical and subclinical hypothyroidism are insulin resistant (10). Hypothyroidism not only affects the growth and development of the fetus but also may cause a variety of pregnancy complications. Subclinical hypothyroidism and isolated hypothyroxinaemia are both associated with adverse obstetric outcomes (11). Lower thyroid hormone levels in early pregnancy are associated with an increased risk of GDM (12). In addition, thyroid hormones also play an important role in lipid synthesis, mobilization and metabolism (13, 14). Hypothyroid patients can develop hypertriglyceridemia and hypercholesterolemia, which may be due in part to the increased hepatic output of very low-density lipoprotein (13). Additionally, patients with thyroid stimulating hormone (Thyroid-stimulating hormone, TSH) levels in the upper limit of the normal range (2.5-4.5 μL) are associated with increased rates of obesity, elevated TG (Triglycerides) levels, and an increased likelihood of metabolic syndrome (15). However, the popularity of thyroid screening during early pregnancy remains controversial (16).

A systematic review found that serum triglyceride (TG) levels were significantly elevated in all pregnant patients with GDM (17). Other studies also observed that serum TG and cholesterol levels were significantly increased in patients with GDM. The presence of these findings was associated with an increased risk of GDM in early pregnancy (18, 19). High levels of triglycerides (TG) in peripheral blood have been recognized as a characteristic of GDM (20, 21), although this phenomenon is still controversial (22, 23). Importantly, TG levels measured between 9 and 12 weeks of pregnancy had moderate predictive value for subsequent glucose tolerance (24). It can be seen that the lipid level is also of great significance for the early prediction of GDM in high-risk populations.

From the above explanation, both low thyroid hormone levels and high triglyceride levels can increase the risk of GDM, and thyroid hormone levels can affect lipid profiles. However, the network of interactions between them has not been comprehensively reported. Understanding the connection between thyroid and lipids can be helpful in preventing GDM. And most studies have focused on a single controllable factor (obesity) in early pregnancy, with limited effectiveness (25). Therefore, the purpose of this study was to simultaneously explore the effect of thyroid hormone levels and TG levels in early pregnancy on the incidence of GDM.



Methods


Patient inclusion criteria

Participants in the study were selected from patients enrolled consecutively at the International Peace Maternity and Child Health Hospital (IPMCH). Eligible participants were pregnant women who attended the hospital between January 2013 and December 2017, underwent prenatal tests and had their thyroid function and lipid levels measured during the first trimester of pregnancy. The exclusion criteria were in vitro fertilization technology, prepregnancy dyslipidemia, preexisting diabetes before pregnancy, thyroid disease in prepregnancy. Besides, the subjects who were diagnosed to be hypo- or hyperthyroid and other thyroid dysfunction needed medical treatment in the first trimester were also be excluded from the study. Further exclusion criteria were the absence of thyroid function examination, Oral glucose tolerance test (OGTT) and lipid level data (triglycerides, total cholesterol) or the absence of specific medical records (Figure 1). Ethical approval was obtained from the Hospital Ethics Committee (GKLW2012-49). Written informed consent was obtained from all study participants.




Figure 1 | Flowchart of the participants included in the analysis.





Data collection

Nurses, doctors and other medical staff prospectively collected patient data during hospital visits. The first outpatient examination was performed during the first trimester of pregnancy (9-13 weeks of gestation). Doctors used face-to-face interviews to collect data on maternal age, delivery type, education level, and other medical history. The prepregnancy body mass index (BMI) of the pregnant women was calculated from the prepregnancy height measured by nurses and prepregnancy weight reported by the patients.



Biochemical analysis

The kit (ARCHITECT I2000; Abbott, Chicago, IL) was used to quantify TSH, FT4, Triiodothyronine 3 (T3), Triiodothyronine 4 (T4), and TPOAb concentrations according to the kit protocol. The lower limits of detection and the intra- and inter-assay coefficients of variation were 0.0038 mIU/L and 1.6% and 3.59%, respectively, for TSH; 0.6200 pmol/L and 1.9% and 4.01%, respectively, for FT4; and 1.0 IU/mL and 10% for TPOAb. Euthyroid and thyroid disease entities in early pregnancy were defined by trimester-specific and population based cutoff values using the 2.5th and 97.5th percentile (11.7 and 19.6 pmol/L for FT4, 0.03 and 3.63 mU/L for TSH in early pregnancy) in pregnant women. A TPOAb concentration ≥ 5.61 IU/mL was considered positive. The normal range of FBG and HbA1c is 3.1-5.1 mmol/L, 4.0-6.0%, respectively.

Fasting blood glucose (FBG), serum glycated hemoglobin (HbA1c) and lipid profiles [serum total cholesterol (TC) and triacylglycerol (TG)] were measured in 9-13 weeks of gestation. TC and TG concentrations were determined by solid phase, double locus and chemiluminescence immunoassays using the Immulite 2000 XPi System (Siemens Healthcare Diagnostics, Deerfield, Ill.). The intrabatch coefficients of variation were 8.0%, 6.3% and 5.1% at 9.7, 53.1 and 821.5 IU/L, respectively. FBG concentrations were measured using a GOD PAP kit (Wiesbaden, Germany). The coefficient of variation was 4.3%, and the interbatch coefficient was 3.4%. HbA1c levels were measured by a Roche Diagnostic HbA1c kit (Cobas Integra 800; Roche Diagnostics, Mannheim, Germany) with intrabatch and interbatch coefficients of variation of 2.3% and 2.2%, respectively.



Diagnostic criteria

GDM screening was conducted in 24–28 weeks of gestation using oral glucose tolerance tests (OGTT). During the test, pregnant women were given 75 g of glucose after an overnight fasting, and blood glucose levels were measured before and at 1 and 2 h after oral administration. The GDM diagnostic criteria using recommendations from the International Association of Diabetes in Pregnancy were a fasting glucose concentration (0h-OGTT) ≥92 mg/dL (5.1 mmol/L), 1-hour glucose concentration (1h-OGTT) ≥180 mg/dL (10.0 mmol/L), and/or 2-hour glucose concentration (2h-OGTT) ≥153 mg/dL (8.5 mmol/L).



Statistical analysis

Descriptive statistics were tabulated for all variables. Continuous variables are presented as the mean and standard deviation (SD) or median and quartiles. Categorical data are presented as frequencies and percentages. We used ordinary least squares regression models to estimate the relationship between TC, TG and thyroid hormone levels and blood glucose or HbA1c levels. Odds ratios (ORs) and their associated 95% confidence intervals (CIs) derived from multivariable logistic regression models were applied to investigate the associations of TG, TC and thyroid hormone levels with GDM. To assess potential nonlinearity, we applied restricted cubic splines utilizing three knots (10th, 10th-90th and 90th percentiles). All models were adjusted for maternal age, education level, prepregnancy BMI, parity, family history of diabetes and TPOAb status. Independent variables were added to the model as continuous variables.

We evaluated the interaction effects of maternal TG, TC, TSH and FT4 concentrations on blood glucose levels or GDM risk using a generalized linear regression model. A heatmap was constructed to display GDM risk according to combinations of FT4, TSH, TG and TC concentrations, where red indicated a higher probability of GDM and blue indicated a lower probability of GDM. In the interaction effect analysis, a P value less than 0.05 was considered statistically significant.

Mediation analysis was performed to investigate the potential mediation effects of TG levels on the association of FT4 levels with GDM. We used the “mediation” package to calculate the mediating effect with adjustment for maternal age, education level, family history of diabetes, parity and prepregnancy BMI. Other potential confounders such as marital, smoking, alcohol drinking and TPOAb status were not statistically significant in the multivariable regression model which not included in the mediation analysis. Based on the prerequisites that the relationships between the exposure and mediator variables and the outcomes are all statistically significant, the total effect was separated into average direct effects (ADEs) and average causal mediation effects (ACMEs). The total effect was the effect of FT4 levels on GDM, and the ACME was the effect mediated through maternal TG levels. The mediation proportion was obtained by calculating the ACME divided by the total effect.

All statistical analyses were performed using R v3.6.0 (R Foundation for Statistical Computing, Vienna), using the packages visreg, rms, and mediation or SPSS Statistics for Windows v20.0 (IBM Corp., Armonk, NY), with a P value < 0.05 considered to be statistically significant.




Results

After exclusion, this study included 40,156 pregnant women (Figure 1). In all, the median (interquartile range [IQR]) maternal age was 30 (28–31) years, the median BMI was 20.6 (IQR: 19.2-22.4) kg/m2, and 4819 (12.0%) mothers were diagnosed with GDM. Pregnant women with GDM had higher rates of multiparous, higher education levels and higher rates of diabetes family history.

GDM mothers had lower FT4 and higher TG levels compared with non-GDM mothers in early pregnancy: the median of FT4 levels in GDM and non-GDM mothers were 14.5 (IQR, 13.4-15.8) pmol/L and 14.8 (IQR, 13.7-16.0) pmol/L, respectively; the median of TG levels in GDM and non-GDM mothers were 1.4 (IQR, 1.1-1.9) mmol/L and 1.2 (IQR, 0.9-1.6) mmol/L, respectively. The isolated hypothyroxinemia rate was higher in pregnant women with GDM than in those without GDM (4.0% vs. 2.1%; P <0.001). However, the incidence of GDM was not related to TPOAb positive status (10.6% vs. 10.0; P=0.22) (Table 1).


Table 1 | Demographic characteristics of the study population.




Association of maternal TG and FT4 concentrations with GDM in the first trimester

After adjusting for all covariates, our data suggested TG during the first trimester was positively associated with FBG and HbA1c (P<0.001). Similar associations were found in the second trimester for 0h-OGTT (β, 0.06; 95% CI: 0.05-0.07), 1h-OGTT (β, 0.25; 95% CI: 0.23-0.28) and 2h-OGTT (β, 0.37; 95% CI: 0.35-0.39) (Table 2). As shown in Figure 2A, an increased risk for GDM was associated with increasing TG levels (P<0.001): the multivariate OR was 1.58 (95% CI, 1.51-1.65). There was no significant association between TC levels and GDM in the second trimester (Table 2).


Table 2 | Association of triglycerides and serum total cholesterol levels with glucose measurements and gestational diabetes mellitus risk.






Figure 2 | Cubic spline regression analysis of TG and FT4 levels with GDM risk. (A) A TG level of 1.2 mmol/L was selected as the reference level (P<0.001). (B) An FT4 level of 15 pmol/L was selected as the reference level (P<0.001). The lines indicate the estimated ORs, and the light blue-shaded areas represent the 95% CIs. All analyses were adjusted for maternal age, education level, family history of GDM, parity, TPOAb status, and prepregnancy BMI.



FT4 during the first trimester was negatively associated with FBG and HbA1c (P<0.001). We also found the negative association in the second trimester for 0h-OGTT (β, -0.009; 95% CI: -0.012 to -0.006), 1h-OGTT (β, -0.077; 95% CI: -0.084 to -0.070) and 2h-OGTT (β, -0.028; 95% CI: -0.034 to -0.021) (Table 3). As shown in Figure 2B, there was a steep rise in GDM risk with declining maternal FT4 levels (P<0.001), especially levels below 15.0 pmol/L. However, higher maternal FT4 concentrations beyond 15.0 pmo/L did not confer additional benefits. The OR of GDM was 0.44 (95% CI, 0.35-0.66) when the FT4 level increased by 1.5 units. No associations with GDM risk were found for TPOAb(+/-) during pregnancy (Table 3).


Table 3 | Association of thyroid hormone levels with glucose measurements and gestational diabetes mellitus risk.



As shown in Table 4 and Figure 3, there was a significant interaction effect of maternal FT4 and TG concentrations on the risk for GDM (P for interaction = 0.036). Women in early pregnancy with low FT4 and high TG concentrations had a 2.44-fold increased risk (95% CI, 2.14-2.80) for GDM compared with pregnant women who had relatively adequate FT4 levels (≥15 pmol/L) and low TG levels. Given low maternal FT4 levels, pregnant women in early pregnancy with low or medium TG levels did not have an increased risk for GDM compared with pregnant women with high TG levels (OR, 1.09; 95% CI, 0.93-1.28, P = 0.28; OR, 1.09, 95% CI, 1.00-1.20, P = 0.28). However, there was no significant interaction between FT4×TC, TSH×TG, or TSH×TC (P >0.05) (Table S1).


Table 4 | Combined effect of maternal free triiodothyronine 4 and triglycerides categories on gestational diabetes mellitus risk.






Figure 3 | Combined effect of maternal FT4 status and maternal TG categories in early pregnancy on the proportion of women diagnosed with GDM. (A) A heatmap for the association of GDM (red colour indicates a higher probability of GDM, blue colour indicates a lower probability of GDM according to the TG-FT4 interaction (P for interaction=0.036). (B) The y-axis presents adjusted probabilities and 95% CIs of GDM in different TG and FT4 categories (Q1: P=0.28, Q2: P=0.25, Q3 & Q4: P<0.001). All analyses were estimated from a logistic regression model with adjustment for the previously mentioned covariables.





Mediation analysis

There was a negative association of FT4 levels with GDM as well as a negative association of TG levels with FT4 levels in the current study population (Figure 4). The mediation analysis revealed a total effect of FT4 levels on GDM of -0.0068 (95% CI, -0.0096 to -0.0045; P < 0.001), including a significant direct effect of -0.0053 (95% CI, -0.0080 to -0.0039; P < 0.001). A statistically significant causal mediating effect of FT4 levels was associated with GDM, in which an average indirect effect of -0.0015 (95% CI, -0.0017 to -0.0011; P < 0.001) through maternal TG levels was found, and the estimated proportion of the mediating effect was 21.3% (95% CI, 15.6% to 36.0%; P < 0.001) (Figure 5). However, we did not find an association of TG levels with GDM mediated by FT4 levels (P=0.28) (Table S2).




Figure 4 | The association among TC, TG and maternal thyroid hormone levels. Cubic spline regression analysis of TG and FT4 levels with thyroid hormone levels. Multivariable RCS models were adjusted for maternal age, education level, family history of diabetes, parity, TPOAb status, and prepregnancy BMI. (A) The association between FT4 and TG. (B) The association between FT4 and TC. (C) The association between ln(TSH+1) and TG. (D) The association between ln(TSH+1) and TC.






Figure 5 | Mediation analysis of the association of FT4 levels with GDM by TG levels. The figure presented TG as the mediator, the estimate of average mediation effects (ACME), the estimate of the average direct effects (ADE), and the proportion of mediation. The mediation models were adjusted for maternal age, education levels, family history of diabetes, parity and prepregnancy BMI.





Sensitivity analyses to assess the robustness of the findings

The mediating effects did not differ appreciably across the following strata: TPOAb status, BMI (normal weight or overweight/obese), parity (primiparous or multiparous), age group (<35 y or ≥35 y), education level (high school and lower or college and higher), or FBG group (<5.1 mmol/L or ≥5.1 mmol/L) (Table S3).




Discussion

Our current study found that higher TG levels and lower FT4 levels in early pregnancy were associated with higher glucose concentrations and a higher risk of GDM shown on OGTT at weeks 24-28. Interactions were observed for TG and FT4 with glucose and GDM, a combination of low FT4 and high TG quartiles had stronger associations with GDM. In addition, we found that 21.3% of the estimated association between FT4 levels and GDM is mediated by TG levels. Having a larger sample size with sensitivity analysis enabled us to explore the complex mediation of TG and FT4 with GDM, and to clarify previously inconsistent findings with greater confidence.

Gestational diabetes mellitus is a common chronic pregnancy disease affecting the health of millions of women worldwide (26, 27). GDM not only causes adverse pregnancy outcomes such as preeclampsia and macrosomia but also increases the risk of developing type 2 diabetes later in life (28, 29). Therefore, we should diagnose and intervene in GDM as early as possible. Kapadia et al. reported that patients with subclinical hypothyroidism had significantly higher insulin resistance indices than controls (30). However, another study showed that higher FT3 levels and FT3/FT4 ratios were associated with increased GDM risk (31). Our study found that lower FT4 levels could increase the risk of GDM.

Another study has found that GDM not only leads to changes in glucose metabolism but is also accompanied by changes in lipid metabolism. GDM is associated with maternal adipose tissue dysfunction, such as increased lipid decomposition, increased maternal TG levels, and decreased HDL and cholesterol levels (32). Other studies have also shown that patients with GDM have higher TG levels (33). In addition, a meta-analysis showed that elevated lipid levels, particularly TG levels, were significantly associated with an increased risk of GDM and could potentially be incorporated into risk stratification algorithms to calculate the risk of GDM (34). These studies are consistent with our findings. Two large cross-sectional studies found elevated serum TC and TG levels in patients with mild hypothyroidism (35, 36). Therefore, we envisage that there may be some connection among FT4 levels, TG levels and GDM. Our results corroborate this point as well.

In our study, we found that 21.3% of the relationship between FT4 levels and GDM was mediated by TG levels, but there was no mediating effect of FT4 levels in the relationship between TG levels and GDM. Biologically, no study has found that dyslipidaemia directly leads to thyroid dysfunction. However, abnormal thyroid function can lead to dyslipidaemia. In hypothyroidism, the main reason for dyslipidaemia is that the synthesis rate is higher than the degradation rate, providing the substrate for lipid peroxidation of reactive oxygen species (ROS), which leads to oxidative stress (37). In addition, the fatty acid synthesis and decomposition rate of patients with hypothyroidism was decreased, and the fat decomposition sensitivity of white adipocytes was decreased (38). The effects of thyroid hormones on triglyceride metabolism include increasing hydrolysis and new lipogenesis through the transcription of several key lipogenic genes (39). Therefore, it is understandable that TG levels have a mediating effect, while FT4 levels do not.

Our study demonstrates an L-type association between maternal FT4 levels and GDM, and low TG levels may be an important mediator in this association. The isolated hypothyroxinemia rate was higher in pregnant women with GDM. Both high levels of TG and low levels of FT4 were associated with a higher risk of GDM, respectively, and normal FT4 levels were critical for the homeostasis of blood lipid levels. Therefore, it can be understood that TG plays an intermediate role in the relationship between GDM and FT4. Our findings suggest that pregnant women with hypothyroidism need careful monitoring of triglyceride changes during the first trimester to reduce the risk of GDM. However, this needs to be further confirmed in clinical studies so that clinicians can better manage all aspects of patients in the future.

Our study suggests that TG and FT4 levels in early pregnancy may be independent and modifiable risk factors for GDM. High TG levels and thyroid dysfunction in early pregnancy are also common for women, which highlights the need to maintain a normal weight and pay attention to personal diet during early pregnancy. Future researchers are encouraged to focus on (1) investigating the effects of establishing healthy TG levels and thyroid hormone levels in early pregnancy on blood glucose levels and the incidence of GDM and/or complications and (2) studying the epigenetic mechanism of TG and FT4 levels on GDM.

The innovation of this study lies in the following aspects. First, this is the first time that TG levels as an intermediary factor were shown to mediate the relationship between FT4 levels and GDM based on a large sample. Second, this study was a prospective study with little information bias, and the results obtained are more reliable than those of a retrospective study. Third, we excluded patients using IVF because pregnant women using assisted reproductive technology are also at increased risk of GDM (40). We also excluded patients with pregestational diabetes and thyroid disease and ruled out drug interference. Finally, we constructed a network of interactions between age, BMI before pregnancy, family history of GDM, education level, parity, FT4 levels and TG levels in early pregnancy and GDM, which can more comprehensively detect the interactions among them. We clarified the stability of the mediating effect of TG levels in each subgroup, indicating that it has a high universality within the population.

However, our study also has limitations. First, this was a single-centre prospective study, and its results may not be applicable to women in other regions. Therefore, future studies should be conducted on a broader population basis to increase the reliability and universality of the results. Second, some patients did not undergo corresponding tests in a timely manner, resulting in missing data, leading to some information bias. Third, to overcome this potential source of bias, we controlled for known confounders by using regression adjustment. In addition, sensitivity analyses were used to assess the potential bias. Despite these efforts, it is possible that in this study, as in all observational studies, unmeasured confounding could have biased the estimates of indirect and direct effects (41, 42). For bias on mediation analysis, it has been found that traditional mediation analysis methods are prone to bias due to incorrect statistical analysis and suboptimal research design. Now new statistical methods have been developed, although some methods are not fully implemented, and in some cases the appropriate methods simply do not exist. The traditional mediation analysis method is still frequently used, and the results of early epidemiological studies using this method should not be discarded (43).



Conclusions

In conclusion, our study demonstrated that lower FT4 levels in early pregnancy were associated with a higher risk of GDM, which may be mediated by maternal TG concentrations. This study identifies possible underlying mechanisms for the occurrence of GDM, which may provide a reasonable prognosis for the early diagnosis of GDM. It is necessary to maintain TG levels in a lower stage while improving thyroid function in early pregnancy to reduce the risk of GDM.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary Material. Further inquiries can be directed to the corresponding authors.



Ethics statement

Ethical approval was obtained from the Hospital Ethics Committee (GKLW2012-99 49). Written informed consent was obtained from all study participants.



Author contributions

HH and XL designed the study. GD, LB and YW supervised data collection. KS conducted statistical analyses. CZ drafted the original version of manuscript. All authors contributed to revision and approved the final version for publication. HH and YW are the guarantors for this work and accept full responsibility for the conduct of the study, had access to the data, and controlled the decision to publish. All authors contributed to the article and approved the submitted version.



Funding

The authors thank the National Natural Science Foundation of China (82001571, 82088102, 81661128010, 82171686), the National Key Research and Development Program (2021YFC2701601, 2021YFC2700701), CAMS Innovation Fund for Medical Sciences (2019-I2M-5-064), Collaborative Innovation Program of Shanghai Municipal Health Commission (2020CXJQ01), the International Science and Technology Collaborative Fund of Shanghai (18410711800), Program of Shanghai Academic Research Leader (20XD1424100), Clinical Research Plan of SHDC (SHDC2020CR1008A, SHDC12019107, SHDC12018X17) and Shanghai Frontiers Science Research Base of Reproduction and Development.



Acknowledgments

The authors gratefully acknowledge the contributions and efforts of all pregnant women who participated in this study and the doctors and nurses involved in data collection and patient care. We also acknowledge the following team members, collaborators and other staff who have contributed to this study. School of public health, Fudan University: Tiejun Zhang (principal investigator [PI]), International Peace Maternity and Child Health Hospital, School of Medicine, Shanghai Jiao Tong University: Jianxia Fan (PI), Department of Obstetrics and Gynecology, School of Clinical Sciences at Monash Health, Monash University: Ben W Mol (PI), Clinical Research Unit, Shanghai First Maternity and Infant Hospital, Tongji University School of Medicine: Zhen Li (PI).



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.2022.1032705/full#supplementary-material



References

1. Donovan, PJ, and McIntyre, HD. Drugs for gestational diabetes. Aust Prescr (2010) 33:141–4. doi: 10.18773/austprescr.2010.066

2. Lowe, WL Jr., Scholtens, DM, Lowe, LP, Kuang, A, Nodzenski, M, Talbot, O, et al. Association of gestational diabetes with maternal disorders of glucose metabolism and childhood adiposity. Jama (2018) 320(10):1005–16. doi: 10.1001/jama.2018.11628

3. Zhao, P, Liu, E, Qiao, Y, Katzmarzyk, PT, Chaput, JP, Fogelholm, M, et al. Maternal gestational diabetes and childhood obesity at age 9-11: Results of a multinational study. Diabetologia (2016) 59(11):2339–48. doi: 10.1007/s00125-016-4062-9

4. Artzi, NS, Shilo, S, Hadar, E, Rossman, H, Barbash-Hazan, S, Ben-Haroush, A, et al. Prediction of gestational diabetes based on nationwide electronic health records. Nat Med (2020) 26(1):71–6. doi: 10.1038/s41591-019-0724-8

5. Koivusalo, SB, Rönö, K, Stach-Lempinen, B, and Eriksson, JG. Response to comment on koivusalo et al. gestational diabetes mellitus can be prevented by lifestyle intervention: The Finnish gestational diabetes prevention study (Radiel): A randomized controlled trial. Diabetes Care (2016) 39:24–30. doi: 10.2337/dci16-0014

6. Wang, C, Wei, Y, Zhang, X, Zhang, Y, Xu, Q, Sun, Y, et al. A randomized clinical trial of exercise during pregnancy to prevent gestational diabetes mellitus and improve pregnancy outcome in overweight and obese pregnant women. Am J Obstet Gynecol (2017) 216(4):340–51. doi: 10.1016/j.ajog.2017.01.037

7. Stagnaro-Green, A, Abalovich, M, Alexander, E, Azizi, F, Mestman, J, Negro, R, et al. Guidelines of the American thyroid association for the diagnosis and management of thyroid disease during pregnancy and postpartum. Thyroid (2011) 21(10):1081–125. doi: 10.1089/thy.2011.0087

8. Verga Falzacappa, C, Panacchia, L, Bucci, B, Stigliano, A, Cavallo, MG, Brunetti, E, et al. 3,5,3'-triiodothyronine (T3) is a survival factor for pancreatic beta-cells undergoing apoptosis. J Cell Physiol (2006) 206(2):309–21. doi: 10.1002/jcp.20460

9. Bertrand, C, Blanchet, E, Pessemesse, L, Annicotte, JS, Feillet-Coudray, C, Chabi, B, et al. Mice lacking the P43 mitochondrial T3 receptor become glucose intolerant and insulin resistant during aging. PloS One (2013) 8(9):e75111. doi: 10.1371/journal.pone.0075111

10. Maratou, E, Hadjidakis, DJ, Kollias, A, Tsegka, K, Peppa, M, Alevizaki, M, et al. Studies of insulin resistance in patients with clinical and subclinical hypothyroidism. Eur J Endocrinol (2009) 160(5):785–90. doi: 10.1530/eje-08-0797

11. Lazarus, J, Brown, RS, Daumerie, C, Hubalewska-Dydejczyk, A, Negro, R, and Vaidya, B. 2014 European Thyroid association guidelines for the management of subclinical hypothyroidism in pregnancy and in children. Eur Thyroid J (2014) 3(2):76–94. doi: 10.1159/000362597

12. Yang, S, Shi, FT, Leung, PC, Huang, HF, and Fan, J. Low thyroid hormone in early pregnancy is associated with an increased risk of gestational diabetes mellitus. J Clin Endocrinol Metab (2016) 101(11):4237–43. doi: 10.1210/jc.2016-1506

13. Heimberg, M, Olubadewo, JO, and Wilcox, HG. Plasma lipoproteins and regulation of hepatic metabolism of fatty acids in altered thyroid states. Endocr Rev (1985) 6(4):590–607. doi: 


14. Cappola, AR, and Ladenson, PW. Hypothyroidism and atherosclerosis. J Clin Endocrinol Metab (2003) 88(6):2438–44. doi: 10.1210/jc.2003-030398

15. Ruhla, S, Weickert, MO, Arafat, AM, Osterhoff, M, Isken, F, Spranger, J, et al. A high normal tsh is associated with the metabolic syndrome. Clin Endocrinol (Oxf) (2010) 72(5):696–701. doi: 10.1111/j.1365-2265.2009.03698.x

16. Springer, D, Jiskra, J, Limanova, Z, Zima, T, and Potlukova, E. Thyroid in pregnancy: From physiology to screening. Crit Rev Clin Lab Sci (2017) 54(2):102–16. doi: 10.1080/10408363.2016.1269309

17. Ryckman, KK, Spracklen, CN, Smith, CJ, Robinson, JG, and Saftlas, AF. Maternal lipid levels during pregnancy and gestational diabetes: A systematic review and meta-analysis. Bjog (2015) 122(5):643–51. doi: 10.1111/1471-0528.13261

18. Li, G, Kong, L, Zhang, L, Fan, L, Su, Y, Rose, JC, et al. Early pregnancy maternal lipid profiles and the risk of gestational diabetes mellitus stratified for body mass index. Reprod Sci (2015) 22(6):712–7. doi: 10.1177/1933719114557896

19. Wang, C, Zhu, W, Wei, Y, Su, R, Feng, H, Lin, L, et al. The predictive effects of early pregnancy lipid profiles and fasting glucose on the risk of gestational diabetes mellitus stratified by body mass index. J Diabetes Res (2016) 2016:3013567. doi: 10.1155/2016/3013567

20. Knopp, RH, Chapman, M, Bergelin, R, Wahl, PW, Warth, MR, and Irvine, S. Relationships of lipoprotein lipids to mild fasting hyperglycemia and diabetes in pregnancy. Diabetes Care (1980) 3(3):416–20. doi: 10.2337/diacare.3.3.416

21. Metzger, BE, Phelps, RL, Freinkel, N, and Navickas, IA. Effects of gestational diabetes on diurnal profiles of plasma glucose, lipids, and individual amino acids. Diabetes Care (1980) 3(3):402–9. doi: 10.2337/diacare.3.3.402

22. Warth, MR, and Knopp, RH. Lipid metabolism in pregnancy. v. interactions of diabetes, body weight, age, and high carbohydrate diet. Diabetes (1977) 26(11):1056–62. doi: 10.2337/diab.26.11.1056

23. Montelongo, A, Lasunción, MA, Pallardo, LF, and Herrera, E. Longitudinal study of plasma lipoproteins and hormones during pregnancy in normal and diabetic women. Diabetes (1992) 41(12):1651–9. doi: 10.2337/diab.41.12.1651

24. Knopp, RH, Magee, MS, Walden, CE, Bonet, B, and Benedetti, TJ. Prediction of infant birth weight by gdm screening tests. importance of plasma triglyceride. Diabetes Care (1992) 15(11):1605–13. doi: 10.2337/diacare.15.11.1605

25. Saravanan, P, Sukumar, N, Adaikalakoteswari, A, Goljan, I, Venkataraman, H, Gopinath, A, et al. Association of maternal vitamin B(12) and folate levels in early pregnancy with gestational diabetes: A prospective uk cohort study (Pride study). Diabetologia (2021) 64(10):2170–82. doi: 10.1007/s00125-021-05510-7

26. Zhu, Y, and Zhang, C. Prevalence of gestational diabetes and risk of progression to type 2 diabetes: A global perspective. Curr Diabetes Rep (2016) 16(1):7. doi: 10.1007/s11892-015-0699-x

27. Saravanan, P. Gestational diabetes: Opportunities for improving maternal and child health. Lancet Diabetes Endocrinol (2020) 8(9):793–800. doi: 10.1016/s2213-8587(20)30161-3

28. Maslova, E, Hansen, S, Grunnet, LG, Strøm, M, Bjerregaard, AA, Hjort, L, et al. Maternal glycemic index and glycemic load in pregnancy and offspring metabolic health in childhood and adolescence-a cohort study of 68,471 mother-offspring dyads from the Danish national birth cohort. Eur J Clin Nutr (2019) 73(7):1049–62. doi: 10.1038/s41430-018-0316-6

29. Hammoud, NM, Visser, GHA, van Rossem, L, Biesma, DH, Wit, JM, and de Valk, HW. Long-term bmi and growth profiles in offspring of women with gestational diabetes. Diabetologia (2018) 61(5):1037–45. doi: 10.1007/s00125-018-4584-4

30. Kapadia, KB, Bhatt, PA, and Shah, JS. Association between altered thyroid state and insulin resistance. J Pharmacol Pharmacother (2012) 3(2):156–60. doi: 10.4103/0976-500x.95517

31. Liu, ZM, Li, G, Wu, Y, Zhang, D, Zhang, S, Hao, YT, et al. Increased central and peripheral thyroid resistance indices during the first half of gestation were associated with lowered risk of gestational diabetes-analyses based on huizhou birth cohort in south China. Front Endocrinol (Lausanne) (2022) 13:806256. doi: 10.3389/fendo.2022.806256

32. Lai, M, Fang, F, Ma, Y, Yang, J, Huang, J, Li, N, et al. Elevated midtrimester triglycerides as a biomarker for postpartum hyperglycemia in gestational diabetes. J Diabetes Res (2020) 2020:3950652. doi: 10.1155/2020/3950652

33. Han, L, Ma, J, Wang, S, and Li, Z. Evaluation of bone mineral density in patients with gestational diabetes mellitus by ultrasonic bone mineral density measurement combined with vitamin-d deficiency and analysis of influencing factors. Pak J Med Sci (2022) 38(4Part-II):933–8. doi: 10.12669/pjms.38.4.5090

34. Hu, J, Gillies, CL, Lin, S, Stewart, ZA, Melford, SE, Abrams, KR, et al. Association of maternal lipid profile and gestational diabetes mellitus: A systematic review and meta-analysis of 292 studies and 97,880 women. EClinicalMedicine (2021) 34:100830. doi: 10.1016/j.eclinm.2021.100830

35. Canaris, GJ, Manowitz, NR, Mayor, G, and Ridgway, EC. The Colorado thyroid disease prevalence study. Arch Intern Med (2000) 160(4):526–34. doi: 10.1001/archinte.160.4.526

36. Jung, CH, Sung, KC, Shin, HS, Rhee, EJ, Lee, WY, Kim, BS, et al. Thyroid dysfunction and their relation to cardiovascular risk factors such as lipid profile, hscrp, and waist hip ratio in Korea. Korean J Intern Med (2003) 18(3):146–53. doi: 10.3904/kjim.2003.18.3.146

37. Duntas, LH. Thyroid disease and lipids. Thyroid (2002) 12(4):287–93. doi: 10.1089/10507250252949405

38. Malbon, CC, Moreno, FJ, Cabelli, RJ, and Fain, JN. Fat cell adenylate cyclase and beta-adrenergic receptors in altered thyroid states. J Biol Chem (1978) 253(3):671–8. doi: 10.1016/S0021-9258(17)38155-3

39. Sinha, RA, Singh, BK, and Yen, PM. Direct effects of thyroid hormones on hepatic lipid metabolism. Nat Rev Endocrinol (2018) 14(5):259–69. doi: 10.1038/nrendo.2018.10

40. Ashrafi, M, Gosili, R, Hosseini, R, Arabipoor, A, Ahmadi, J, and Chehrazi, M. Risk of gestational diabetes mellitus in patients undergoing assisted reproductive techniques. Eur J Obstet Gynecol Reprod Biol (2014) 176:149–52. doi: 10.1016/j.ejogrb.2014.02.009

41. Haukoos, JS, and Lewis, RJ. The propensity score. Jama (2015) 314(15):1637–8. doi: 10.1001/jama.2015.13480

42. Imai, K, Keele, L, and Yamamoto, T. Identification, inference and sensitivity analysis for causal mediation effects. Stat Sci (2010) 25(1):51–71. doi: 10.1214/10-STS321

43. Richiardi, L, Bellocco, R, and Zugna, D. Mediation analysis in epidemiology: Methods, interpretation and bias. Int J Epidemiol (2013) 42(5):1511–9. doi: 10.1093/ije/dyt127



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 © 2022 Zhang, Bai, Sun, Ding, Liu, Wu and Huang. 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-13-1032705-g003.jpg
A B
= Adjusted Probability of GDM, (%) —
30.04
_ W FT4> 15pmoll
£ 2501 @ FT4<15pmoll
3 3
5 © 1004 P<0.001
s 5
L z P=025
] g 150
H 3 P=028
£ °
3 o 100
¢ 3
5 sof i }
g 5
0 1 2 3 4 5 6 Q Q2 X}

Maternal TG in 1st trimester Category

First tnmester TG mmolL





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Association of maternal triglyceride responses to thyroid function in early pregnancy with gestational diabetes mellitus

      

        		

          Introduction

        



        		

          Materials and methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          Introduction

        



        		

          Methods

        

          		

            Patient inclusion criteria

          



          		

            Data collection

          



          		

            Biochemical analysis

          



          		

            Diagnostic criteria

          



          		

            Statistical analysis

          



        



        



        		

          Results

        

          		

            Association of maternal TG and FT4 concentrations with GDM in the first trimester

          



          		

            Mediation analysis

          



          		

            Sensitivity analyses to assess the robustness of the findings

          



        



        



        		

          Discussion

        



        		

          Conclusions

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          Supplementary material

        



        		

          References

        



      



      



    



  



OEBPS/Images/fendo.2022.1032705_cover.jpg
’ frontiers | Frontiers in Endocrinology

Association of maternal
triglyceride responses to
thyroid function in early
pregnancy with gestational
diabetes mellitus





OEBPS/Images/fendo-13-1032705-g005.jpg
ADE: -0.0053(-0.0080 to -0.0039)

Internal P<0.0001
Exposure

L.ower FT4 n Proportion of mediation, GDM
i i 21.3%(15.6% to 36.0%), P<0.0001
early pregnancy

Mediator

Elevated TG n early pregnancy

ACME: -0.0015(-0.0017 to-0.0011)
P<0.0001





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
B (95% CI)

First trimester tests

FBG 0.02 (0.01 to 0.04)

HbAlc 0.03 (0.01 to 0.04)
Second trimester tests

0h-OGTT 0.06 (0.05 to 0.07)

1h-OGTT 0.25 (0.23 to 0.28)

2h-OGTT 0.37 (0.35 to 0.39)
GDM, OR 95% CI 1.58 (1.51 to 1.65)

TG

<0.001
<0.001

<0.001
<0.001
<0.001
<0.001

TC

B (95% CI)

0.01 (0.003 to 0.02)
0.02 (0.01 to 0.03)

-0.006 (-0.01 to 0.002)
-0.04 (-0.05 to -0.02)
0.01 (-0.006 to 0.03)

1.02 (0.98 to 1.06)

0.01
<0.001

0.16
<0.001
0.20
0.46

B, The beta coefficients derived from multivariable linear models. Multivariable linear models were adjusted for maternal age, education level, family history of diabetes, parity, and

prepregnancy BML.





OEBPS/Images/fendo-13-1032705-g001.jpg
Pregnant women with singleton pregnancy enrolled,
N=50,707

Excluded data unavailable:
1.Conceived by m-vitro fertilization,
n=1,542

2.Diabetes 1n pre-pregnancy, n=62
3.Thyroid disease in pre-pregnancy,
n=2.374

4 Taking thyroid medication, n=525

Pregnant women with available data, n=46.204

Excluded:

1. Do not perform thyroid function test,
n=627

2.Do not perform OGTT, TG, TC test or
missing specific medical records,
n=>5421

Included pregnant women, N=40,156






OEBPS/Images/table4.jpg
Biochemical characteristics

TG, Quartiles
Q1
Q
Q3
Q
P for trend
TG binary
<1.2, mmol/L
>1.2, mmol/L
FT4, Quartiles
Ql
Q
Q3
Q
P for trend
FT4 binary
<15, pmol/L
215, pmol/L
Interaction effect
Low TG (Q1)
FT4215, pmol/L
FT4<15, pmol/L
Medium TG (Q2-Q3)
FT4215, pmol/L
FT4<15, pmol/L
High TG (Q4)
FT4215, pmol/L
FT4<15, pmol/L
Stratified by TG categories
Low TG (Q1)
FT4215, pmol/L
FT4<15, pmol/L
Medium TG (Q2-Q3)
FT4215, pmol/L
FT4<15, pmol/L
High TG (Q4)
FT4215, pmol/L
FT4<15, pmol/L

GDM (%)

697 (7.1)
979 (9.8)
1267 (12.4)
1876 (18.4)
<0.001

1507 (8.2)
3312 (15.2)

1346 (14.3)
1224 (12.5)
1196 (11.3)
1053 (10.2)
<0.001

2885 (13.2)

1934 (10.6)

311 (6.6)

386 (7.6)

972 (10.3)
1274 (11.9)

651 (15.8)

1225 (20.1)

311 (6.6)

386 (7.6)

972 (10.3)
1274 (11.9)

651 (15.8)
1225 (20.1)

Model 1

Unadjusted OR (95% CI)

Ref.
1.43 (1.29-1.58)
1.86 (1.69-2.05)
2.95 (2.69-3.23)

Ref.
2.01 (1.89-2.14)

Ref.
0.86 (0.79-0.93)
0.76 (0.70-0.83)
0.68 (0.63-0.74)

1.28 (1.21-1.36)
Ref.

Ref.
1.16 (0.99-1.35)

1.62 (1.42-1.85)
1.92 (1.68-2.18)

2.66 (2.31-3.07
3.56 (3.12-4.06)
Ref.

1.16 (0.99-1.35)

Ref.
1.18 (1.08-1.29)

Ref.
1.34 (1.20-1.48)

P

<0.001
<0.001
<0.001

<0.001

<0.001
<0.001
<0.001

<0.001

0.07

<0.001
<0.001

<0.001
<0.001

0.07

<0.001

<0.001

Model 2

Adjusted OR (95% CI)

Ref.
1.40 (1.26-1.55)
1.78 (1.61-1.96)
2.68 (2.44-2.94)

Ref.
1.72 (1.61-1.84)

Ref.
0.91 (0.84-0.99)
0.84 (0.77-0.91)
0.77 (0.71-0.84)

1.18 (1.11-1.26)
Ref.

Ref.
1.01 (0.87-1.18)

1.50 (1.31-1.72)
1.52 (1.33-1.73)

2.16 (1.87-2.49)
2.44 (2.14-2.80)
Ref.

1.09 (0.93-1.28)

Ref.
1.09 (1.00-1.20)

Ref.
1.26 (1.13-1.40)

Model 1: Unadjusted model; Model 2: Adjusted to maternal age, education level, family history of diabetes, parity, TPOAD status, and prepregnancy BMI.

P

<0.001
<0.001
<0.001

<0.001

<0.001
<0.001
<0.001

<0.001

0.87

<0.001
<0.001

<0.001
<0.001

0.28

0.05

<0.001





OEBPS/Images/table3.jpg
FT4

B (95% CI)

First trimester tests
FBG -0.040 (-0.036 to -0.043)
HbAlc -0.036 (-0.031 to -0.040)

Second trimester tests

0h-OGTT -0.009 (-0.012 to -0.006)
1h-OGTT -0.077 (-0.084 to -0.070)
2h-OGTT -0.028 (-0.034 to -0.021)

GDM, OR 95% CI 0.44 (0.35 to 0.56)

<0.001
<0.001

<0.001
<0.001
<0.001
<0.001

TSH

B (95% CI)

-0.093 (-0.111 to -0.074)
-0.071 (-0.093 to -0.048)

-0.009 (-0.025 to 0.007)
0012 (-0.025 to 0.049)
-0.092 (-0.127 to -0.057)
0.91 (0.83 to 0.99)

<0.001
<0.001

0.275
0.509
<0.001
0.036

TPOAD (+/-)

B (95% CI)

0.003 (-0.017 to 0.029)
0.017 (-0.011 to 0.046)

0.008 (-0.013 to 0.028)

-0.007 (-0.054 to 0.039)

-0.018 (-0.061 to 0.026)
1.05 (0.95 to 1.16)

0.496
0.232

0.468
0.757
0434
0.357

B: The beta coefficients derived from multivariable linear models. Multivariable linear models were adjusted for maternal age, education level, family history of diabetes, parity, TPOAb
status, and prepregnancy BML a. FT4 and TSH were unnormal distribution, we calculated In (FT4) and In (TSH+1) in the model.





OEBPS/Images/fendo-13-1032705-g004.jpg
TG, OR(95%C)

115 o

110 o

0.95 |

0.90

P<0.001

TG, OR(95%CI)

115 -

110

105 -

095 5

090 4

T T T
10 15 2 2%

First trimester FT4 pmol/L

P=0.0272

TC, OR(95%CI)

00

II.’S !TD 1 I5 ZTD
First trimester In(TSH+1) mU/L

TC, OR(95%CI)

115 o

110 o

1.05

095
007 P=0.324
T T T T
10 15 2 2%
First trimester FT4 pmol/L
115
110

1.05

090 4

P=0.0253

00

05 10 15
First trimester In(TSH+1) mU/L






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





OEBPS/Images/fendo-13-1032705-g002.jpg
GDM, OR(95% Cl)

GDM, OR(95% CI)

201

&
s

First trimester TG mmolL

First timester FT4 pmolL





OEBPS/Images/table1.jpg
Maternal characteristics Total GDM Non-GDM P

Age, median (IQR), years 30 (28-31) 31 (28-34) 30 (27-32) <0.001
BMI, median (IQR), kg/m? 20.6 (19.2-22.4) 21.6 (19.9-23.7) 20.5 (19.1-22.3) <0.001
Multiparous, 1 (%) 7731 (19.3) 1067 (22.1) 6664 (18.9) <0.001
Education levels, n (%) <0.001
High school and lower 9040 (22.5) 1223 (25.4) 7816 (22.1)
College and higher 31116 (77.5) 3595 (74.6) 27521 (77.9)
Marital status, n (%) 0.02
Married 35337 (88.0) 4810 (99.8) 35190 (99.6)
Unmarried 4819 (12.0) 9(0.2) 147 (0.4)
Smoking, 1 (%) 33 (0.1) 5(0.1) 28 (0.1) 0.58
Alcohol drinking, 7 (%) 4819 (12.0) 0(0.0) 4 (0.0) 0.60
Family history of diabetes, n (%) 2676 (6.7) 531 (11.0) 2145 (6.1) <0.001
FBG in 1st trimester, median (IQR), mmo/L 4.4 (4.2-4.7) 4.6 (4.3-4.9) 4.4 (4.2-4.7) <0.001
HbAIc in 1st trimester, median (IQR), mmol/mol 32.2 (30.0-33.3) 33.3 (31.1-35.5) 31.1 (30.0-33.3) <0.001
OGTT test in 2nd trimester
0h-OGTT, median (IQR), mmol/l 4.1 (3.9-4.4) 4.5 (4.1-4.9) 4.1 (3.8-4.3) <0.001
1h-OGTT, median (IQR), mmol/l 7.7 (7.1-8.6) 10.2 (9.3-10.9) 7.6 (7.0-8.2) <0.001
2h-OGTT, median (IQR), mmol/l 6.2 (5.4-7.2) 8.6 (7.5-9.3) 6.1(5.3-6.9) <0.001
Maternal lipids in 1st trimester
TG, median (IQR), mmol/L 1.2 (1.0-1.6) 14 (1.1-1.9) 1.2 (0.9-1.6) <0.001
TC, median (IQR), mmol/L 4.7 (4.2-5.2) 47 (4.2-52) 4.7 (4.2-5.2) 0.81
Maternal thyroid hormones in 1st trimester
TSH, median (IQR), mU/L 1.2 (0.7-1.8) 1.1 (0.7-1.7) 1.2 (0.7-1.8) 0.001
FT4, median (IQR), pmol/L 14.7 (13.6-16.0) 14.5 (13.4-15.8) 14.8 (13.7-16.0) <0.001
T3, median (IQR), nmol/L 2.2 (2.0-2.5) 23 (2.1-2.6) 2.2 (2.0-2.4) <0.001
T4, median (IQR), nmol/L 121.5 (106.6-137.1) 119.6 (104.2-136.5) 121.7 (106.8-137.3) 0.04
TPOAD positive, n (%) 4049 (10.1) 510 (10.6) 3539 (10.0) 022
Isolated hypothyroxinemia, n (%) 939 (2.3) 194 (4.0) 745 (2.1) <0.001

BMI, body-mass index; FBG, Fast blood glucose; GDM, gestational diabetes mellitus; TG, triglyceride; TC, total cholesterol; HbAlc, hemoglobin Alc; Oh-OGTT, fasting level in the oral
glucose tolerance test at 24-28 weeks; 1h-OGTT, 1-hour level in the oral glucose tolerance test at 24-28 weeks; 2h-OGTT2, 2-hour level in the oral glucose tolerance test at 24-28 weeks,
IQR, interquartile range.





