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Introduction

Elevated maternal serum lipid concentrations have been related to an adverse intrauterine environment and lead to abnormal birth weight.



Objective

In this study, we aimed to explore the association between maternal lipid profiles during early pregnancy and birth weight with stratified pre-pregnancy body mass index (BMI).



Methods

This retrospective cohort study was based on a large population from two major maternity centers in Shanghai, China. We included 57,516 women with singleton live birth between January 2018 and October 2020. All of the enrolled women had fasting lipid concentrations measured in early pregnancy. The primary outcomes were birth weight and risks of adverse birth outcomes, including macrosomia, large for gestational age (LGA), low birth weight (LBW), and small for gestational age (SGA).



Results

Higher maternal concentrations of total cholesterol (TC), triglyceride (TG), and low-density cholesterol (LDL-c) in early pregnancy were associated with increased birth weight. Ln transformed TG and levels exhibited a positive association with LGA and macrosomia (OR = 1.33, 95% CI: 1.25, 1.42 and OR = 1.37, 95% CI: 1.24, 1.52) and showed a negative relationship with SGA (OR = 0.73, 95% CI: 0.62, 0.85). High TG (>75th percentile, 1.67 mmol/L) group also showed higher risks of LGA and macrosomia (OR = 1.21, 95% CI: 1.15, 1.28 and OR = 1.20, 95% CI: 1.10, 1.31) and decreased prevalence of SGA (OR = 0.71, 95% CI: 0.61, 0.83). Moreover, significant combined effects of pre-pregnancy BMI and lipid profiles on LGA and macrosomia were identified.



Conclusions

Elevated maternal lipid profiles in early pregnancy are associated with higher birth weight and increased risks of LGA and macrosomia. We propose that serum lipid profiles in early pregnancy and pre-pregnancy BMI could serve as screening indexes for high-risk women.
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Introduction

According to Developmental Origins of Health and Disease (DOHAD) theory, maternal metabolism and intrauterine environment could affect fetal development and further impact their health status in adulthood (1, 2). Among the prenatal metabolic factors, maternal lipids play an important role in excess fetal growth. During pregnancy, maternal lipid profiles, including total cholesterol (TC), triglyceride (TG), low-density lipoprotein cholesterol (LDL-c), and high-density lipoprotein cholesterol (HDL-c), are taken up by placenta and primarily provide energy for maternal metabolism and fetal development (3, 4). To adapt to maternal-fetal physiology, maternal lipid levels rise progressively throughout gestation, suggesting the importance of these metabolic changes in fetal development (5).

Overweight and obesity in women of reproductive age, which are related to increased maternal lipid levels in pregnancy (6), keep increasing in China (7). However, hyperlipidemia not only occurs in overweight or obese women but also in normal weight women during pregnancy. Maternal hyperlipidemia has a variety of effects on intrauterine fetal growth and could significantly impact perinatal outcomes (8–12). Elevated TG concentrations in plasma may contribute to increased risks of impaired glucose tolerance and gestational diabetes (13, 14). Moreover, several studies have shown that higher TG and oxidized LDL were associated with preeclampsia (15, 16). Besides pregnancy complications, maternal hyperlipidemia may predict adverse birth outcomes as well, including preterm birth, large for gestational age (LGA), and macrosomia (11, 17). Beyond pregnancy, women with gestational hyperlipidemia were prone to metabolic syndrome and cardiovascular disease (18, 19). Thus, it is important to control maternal lipid concentrations in an optimal range for women in all body mass index (BMI) groups. However, there is no consensus on optimal normal ranges for lipids in pregnant women.

Birth weight is an important outcome reflecting intrauterine conditions and predicting short- and long-term morbidities. LGA and macrosomia indicate excess intrauterine weight gain and are related to adverse obstetrical outcomes such as postpartum hemorrhages, traumatic deliveries, and still birth (20, 21). LGA and macrosomia infants were also prone to diabetes and obesity in adulthood and childhood (22, 23). On the other hand, small for gestational age (SGA) and low birth weight (LBW) infants had higher incidence of hypoxic ischemic encephalopathy, seizures, neonatal sepsis (21) and associated with stroke, kidney disease, hypertension, and depression in later life (24, 25). Therefore, understanding the effect of maternal lipid profile on fetal growth is necessary for optimizing birth outcomes and subsequently decreasing the prevalence of numerous diseases beyond infancy.

So far, most studies focused on the impact of maternal lipid profile in the second and third trimesters during pregnancy on birth outcomes (26, 27). However, it would be ideal if high-risk women could be identified as early as possible. So, our study aims to shed more light on the association between maternal lipid profiles in the first trimester and birth weight and adverse birth outcomes. In addition, we attempted to find a reference value of maternal lipid profile considering the prevalence of LGA and macrosomia, which could be potentially applied to screen high-risk pregnant women for prenatal health care.



Materials and methods


Study population

This study recruited data from Obstetrics and Gynecology Hospital of Fudan University (Ob & Gyn Hospital) and International Peace Maternity and Child Health Hospital (IPMCHH), which are two major maternal health hospitals in Shanghai. Pregnant women who underwent prenatal health care since the first trimester and gave birth at the hospital from January 2018 to October 2020 were included in the analysis. Women who had a twin pregnancy or still birth, or with key medical data missing, namely, pre-pregnancy BMI and lipid profiles in early pregnancy, were excluded. All data, including serum TC, TG, LDL-c, HDL-c concentrations in early pregnancy, and birth information were collected. This study has been approved by Ob & Gyn Hospital (No. 2021-90) and IPMCHH Ethical committees (No. GKLW2019-05).



Data collection and measures

All data were collected by in-person interviews during hospital visits and medical records. Maternal sociographic characteristics included residence, occupation, maternal age at birth, marital status, education, insurance status, and consumption of alcohol and cigarettes. Maternal pre-pregnancy weight was self-reported by enrolled women, and pre-pregnancy BMI (kg/m2) was calculated as pre-pregnancy weight (kilograms) divided by the square of height (meters). According to WHO classification, pre-pregnancy BMI was categorized into underweight (< 18.5), normal weight (18.5–24.9), overweight (25.0–29.9), and obesity (≥30) (28). Information related to pregnancy complications, including gestational diabetes, gestational hypertension disorders, intrahepatic cholestasis of pregnancy, and mode of conception were ascertained from medical records.

Fasting venous blood samples were drawn during 7:00 a.m. and 9:00 a.m. at the first prenatal visit during 8 to 13 gestational weeks. The lipid profiles were tested by the biochemical laboratory of IPMCHH and Ob & Gyn Hospital. Serum TC and TG concentrations were determined by GPO-POD method with a commercial enzymatic colorimetric assay (Beckman Coulter, CA, USA and Fujifilm, Osaka, Japan) and Beckman AU5800 analyzer and HITACHI 7600. LDL-c and HDL-c were examined by the direct method with a commercial reagent (Beckman Coulter, CA, USA and SEKISUI, TX, USA) and Beckman AU5800 analyzer and HITACHI 7600.



Birth outcomes

In this study, birth weight and risks of LGA and macrosomia of singleton live births were the primary outcomes. Birth weight was standardized based on gestational age at birth (29). Data on birth weight, fetal sex, and gestational age were collected in the medical records at delivery. LGA was defined as an infant with birth weight larger than the 10th percentile for his/her gestational age and sex, whereas small for gestational age (SGA) as smaller than the 10th percentile (30). Macrosomia was diagnosed when the newborn weighed more than 4,000 g, whereas LBW was diagnosed with a birth weight of less than 2,500 g (31).



Statistical analysis

Distributions of maternal TG, TC, LDL-c, and HDL-c concentrations were right-skewed. Therefore, the concentrations of lipids were natural log-transformed to improve the normality of their distributions (32). We conducted multiple linear regression models to evaluate the association between maternal lipids and neonatal birth weight. Ln transformed lipid concentrations were divided into quartiles, and >75th percentile was defined as reference points of high lipid groups. Multiple logistic regression models were used to estimate odds ratios (ORs) and 95% confidential intervals (CIs) for the association between TC, TG, HDL-c, and LDL-c with LGA and SGA. Subgroup analyses were performed according to maternal pre-pregnancy BMI ranges. Furthermore, we investigated the combined effects of pre-pregnancy BMI and lipids in early pregnancy on LGA and macrosomia by adding a product interaction term of pre-pregnancy BMI × lipid concentrations (TC, TG, HDL-c, and LDL-c) in the models. Heat maps were constructed to exhibit the differences based on combinations of pre-pregnancy BMI and maternal TC, TG, HDL-c, LDL-c concentrations (red represents high incidence and blue represents low incidence). Confounders were included if they were previously reported in researches or were found correlated with the primary outcome. In our analyses, all the birth outcome models were adjusted for potential confounders, including maternal pre-pregnancy BMI (except in subgroup analyses), age at birth, mode of conception, parity, education attainment, consumption of cigarettes, infant sex, gestational diabetes, and gestational hypertension disorders. For confounders with missing data, multiple imputations were used based on the Markov chain Monte Carlo method. All analyses were performed using R software (version 4.0.4) with the “rms,” “mice,” and “visreg,” packages.




Results


Study population

A total of 57,516 women with live singleton deliveries were included in this study, and their descriptive characteristics were shown in Table 1. The mean age of mothers was 31.16 years, and the mean BMI was 21.29. Gestational diabetes and hypertension disorders affected 13.7 and 4.8% enrolled women. Among the infants, 51.7% were male and 5.1% were preterm birth. The mean value (SD) of birth weight was 3321.52 (453.25) g, with LGA, SGA, macrosomia, and LBW proportions of 18.1, 2.3, 5.7, and 3.3%, respectively.


Table 1 | Descriptive statistics of study population.



The mean levels of TC, TG, LDL-c, and HDL-c in early pregnancy were 4.56 (1.37–12.79) mmol/L, 1.42 (0.10–13.11) mmol/L, 2.29 (0.51–9.58) mmol/L, and 1.58 (0.38–3.45) mmol/L, respectively. Their 75th percentiles were 5.02 mmol/L, 1.67 mmol/L, 2.99 mmol/L, and 2.01 mmol/L (Table 2).


Table 2 | Quartiles of maternal lipid profiles in first trimester (mmol/L).





Maternal lipid profile and birth weight

The association between maternal lipid concentrations in early pregnancy and birth weight was presented in Figure 1. After adjusting for confounders, the results displayed a significant positive relationship between maternal TC, TG, and LDL-c concentrations and birth weight. Each unit of natural log (ln) increase in TC, TG, and LDL-c was associated with 0.086 (95% CI: 0.036, 0.136) SD, 0.159 (95% CI: 0.136, 0.181) SD, and 0.071 (95% CI: 0.031, 0.111) increase in birth weight. However, we observed no association between ln-transformed HDL-c and birth weight.




Figure 1 | Association between ln transformed maternal lipid profiles in early pregnancy and birth weight. Linear regression models for (A) ln-TC, (B) ln-TG, (C) ln-LDL-c, (D) ln-HDL-c, and birth weight plotted as predicted mean with 95% CIs. Analyses were adjusted for maternal pre-pregnancy body mass index, age, mode of conception, parity, education, consumption of cigarettes, infant sex, gestational diabetes, and gestational hypertension disorders.



Subgroup analyses showed a similar association. Ln-TG showed a significant association with birth weight in all BMI subgroups, whereas there were no visible association between birth weight with ln-TC nor ln-LDL-c in pre-pregnancy overweight women. In addition, in normal weight and obesity groups, we did not find any correlation between ln-LDL-c and birth weight (Table 3). In fetal sex subgroup analysis, a similar relationship was observed, whereas ln-TC showed a significant positive association with birth weight in male fetus but not female fetus.


Table 3 | The association between blood metabolic markers in early pregnancy and fetal birth weight by different BMI groups.





Maternal lipid profile and birth outcomes

After adjustment for confounders, we observed a positive association between each unit increase of maternal ln-TG in the first trimester and odds of macrosomia (OR = 1.37, 95% CI: 1.24, 1.52) (Figure 2). The increase of ln-TG (OR = 1.33, 95% CI: 1.25, 1.42) and ln-LDL-c (OR = 1.12, 95% CI:1.02, 1.24) in early pregnancy also exhibited a positive association with the risks of LGA (Figure 3). Moreover,while first trimester lipid profiles was not associated with LBW (Figure s1), ln-TC (OR = 0.67, 95% CI: 0.49, 1.00), ln-TG (OR = 0.73, 95% CI: 0.62, 0.85) and HDL-c (OR = 0.83, 95% CI: 0.68, 1.00) were inversely associated with the prevalence of SGA (Figure s2).




Figure 2 | Risk of macrosomia associated with maternal lipid profiles in early pregnancy. Logistic regression models for ln transformed (A) TC, (B) TG, (C) LDL-c, (D) HDL-c, and macrosomia, expressed as predicted mean with 95% CIs. Analyses were adjusted for maternal pre-pregnancy BMI, age, mode of conception, parity, education, consumption of cigarettes, infant sex, gestational diabetes, and gestational hypertension disorders.






Figure 3 | Risk of LGA associated with maternal lipid profiles in early pregnancy. Logistic regression models for ln transformed (A) TC, (B) TG, (C) LDL-c, (D) HDL-c, and LGA, expressed as predicted mean with 95% CIs. Analyses were adjusted for maternal pre-pregnancy BMI, age, mode of conception, parity, education, consumption of cigarettes, infant sex, gestational diabetes, and gestational hypertension disorders.



In subgroup analyses based on pre-pregnancy BMI ranges, the relationship between ln-TG and LGA was observed in all BMI categories, with ORs ranging from 1.24 to 1.72. However, no significant association between first trimester ln-TG and the incidence of macrosomia was observed in pre-pregnancy overweight and obese women. Similarly, we did not find any correlation between ln-LDL-c and LGA in overweight and obese women, whereas a negative association was observed between ln-HDL-c and odds of LGA in underweight women. In addition, the prevalence of SGA was shown to be inversely related to ln-TG in all subgroups and negatively associated with HDL-c in pre-pregnancy underweight group. However, we did not find any association between lipid levels in early pregnancy with the risk of LBW in none of the groups (Table s1).

Compared with women of normal serum lipid concentrations, women with high-maternal TC (> 5.02 mmol/L) and TG (> 1.67 mmol/L) exhibited significant increase risks of LGA (OR = 1.07, 95% CI: 1.00, 1.14 and OR = 1.21, 95% CI: 1.15, 1.28), and women in high TG and LDL-c (> 2.99 mmol/L) group showed elevated risks of macrosomia (OR = 1.20, 95% CI: 1.10, 1.31 and OR = 1.09, 95% CI: 1.10, 1.19). We also observed decreased prevalence of SGA in high TG group (OR = 0.71, 95% CI: 0.61, 0.83) (Table 4).


Table 4 | Maternal lipid profiles and risks of LGA, macrosomia, LBW, and SGA by BMI groups.





Combined effects of lipid concentrations and pre-pregnancy BMI on the risks of LGA and macrosomia

Increased BMI was believed to be companied by unfavorable lipid levels characterized by high concentrations of TG, TC and LDL-c, and low concentrations of HDL-c (Table s2) (6). Additionally, we observed a positive association between pre-pregnancy BMI and birth weight (Figure s3). Therefore, we investigated the combined effects of first trimester lipid profiles and pre-pregnancy BMI on birth outcomes. Figures 4, 5 displayed heat maps for the combined association of pre-pregnancy BMI (x-axis) (ranged from 15.2 to 34.8 kg/m2) and maternal ln-TC, ln-TG, ln-HDL-c, or ln-LDL-c (y-axis) in the first trimester with the incidence of LGA (%) and macrosomia (%) (z-axis; red represents higher incidence and blue represents lower incidence).




Figure 4 | Combined effects of maternal pre-pregnancy BMI and lipid profiles in early pregnancy on incidence of LGA. Heat map for the correlation of incidence of LGA (red represents increased risks of LGA, blue represents decreased risks of LGA) according to the interaction of pre-pregnancy BMI and (A) ln-TC, (B) ln-TG, (C) ln-LDL-c, or (D) ln-HDL-c. Analyses were adjusted for maternal pre-pregnancy BMI, age, mode of conception, parity, education, consumption of cigarettes, infant sex, gestational diabetes and gestational hypertension disorders.






Figure 5 | Combined effects of maternal pre-pregnancy BMI and lipid profiles in early pregnancy on incidence of macrosomia. Heat map for the correlation of incidence of macrosomia (red represents increased risks of LGA, blue represents decreased risks of LGA) according to the interaction of pre-pregnancy BMI and (A) ln-TC, (B) ln-TG, (C) ln-LDL-c, or (D) ln-HDL-c. Analyses were adjusted for maternal pre-pregnancy BMI, age, mode of conception, parity, education, consumption of cigarettes, infant sex, gestational diabetes, and gestational hypertension disorders.



Considerable differences in the incidence of LGA according to the combination of pre-pregnancy BMI and first trimester ln-TG were identified (P for interaction = 0.0224; Figure 4). The interactive effect also showed that, in women with pre-pregnancy BMI less than 35 kg/m2, increased ln-TG in early pregnancy and pre-pregnancy BMI was associated with higher risks of LGA. A similar effect was observed in the combination of pre-pregnancy BMI and ln-TC levels (P for interaction = 0.0131) (Figure 4). The interaction between pre-pregnancy BMI and ln-LDL-c was also significantly identified (P for interaction < 0.0001). While ln-LDL-c displayed a positive association with LGA in women with pre-pregnancy BMI less than 25 kg/m2, a negative relationship was observed in obese women (BMI > 30) (Figure 4). Differently, increasing HDL-c indicated lower risks of LGA in women with pre-pregnancy BMI < 35 kg/m2 (Figure 4). Similarly, significant combined effects of ln-TG/ln-LDL-c and pre-pregnancy BMI on macrosomia were observed (ln-TG, P for interaction = 0.0319; ln-LDL-c, P for interaction = 0.0021, Figures 5B). Like the effect on LGA, ln-LDL-c exhibited a negative association with macrosomia in obese women, too. However, we did not observe any significant combined effect on SGA or LBW (Figures s3, s4).




Discussion

In this large retrospective study, we found that elevated maternal lipids in early pregnancy, especially TG, were significantly associated with higher birth weight and increased risks of LGA and macrosomia. We also proposed 75th percentile as reference points for first trimester lipid concentrations based on a large Chinese population. Our results firstly suggested a considerable combined effect of pre-pregnancy BMI and first trimester TG on birth outcomes, which may provide valuable information on early pregnancy screening and contribute to perinatal health care.

To meet the increasing physiological demands of fetal development, maternal serum lipid concentrations during gestation are generally higher than that in non-pregnant status. Recently, several studies displayed a discernible decrease of lipid levels in the first 6 weeks of pregnancy (33, 34). Later on, the lipid levels keep raising and peak at late third trimester (35). Clinicians usually use the lipid criteria for non-pregnant people to evaluate gestational lipid levels considering that an accurate normal lipid concentration range especially for pregnant women is lacking. However, pregnancy is a vulnerable period during which both mothers and infants are susceptible to adverse lipid environment; thus, a reference range for lipids in pregnant women is urgently needed. As maternal overnutrition is an increasing issue in Shanghai instead of maternal undernutrition, our study aimed to find out lipid reference values to prevent excessive birth weight. Based on a large sample size in two centers in China, we compared the risks of LGA and macrosomia in different percentile groups and we recommended that the 75th percentile of lipid concentrations in the current study could serve as a reference point predicting the prevalence of adverse birth outcomes. In pregnant women whose TG levels were below 75th, the risks of LGA and macrosomia decreased from 18.7 and 5.7% to 15.3 and 5.3%, compared with 16.7 and 5.5% in women whose TG was below 95th percentile. In our study, the reference points of 75th in early pregnancy were slightly lower than the lipid criteria for non-pregnant people (95th percentile) considering the vulnerability of pregnant women. Because maternal serum lipid levels continue increasing in second and third trimesters, the elevated lipids in early pregnancy may forecast a more serious hyperlipidemia in late pregnancy and predict higher risks of large infants. Our reference values could be helpful for screening high-risk pregnant women in early pregnancy.

The influence of TG during pregnancy has gained some attention, and we found a stable association between TG with birth weight and adverse birth outcomes in all of the BMI groups in the current study. Our study is in line with several previous studies that reported a positive association between maternal TG concentrations in early pregnancy and higher birth weight and LGA (36–38). In a study proposed by Wang et al. in 2016, maternal TG concentrations in early pregnancy were divided into quartiles, and they did not observe any association between the highest quartile and an increased prevalence of LGA, whereas in the current study, the highest TG quartile showed a significantly higher risk of LGA (39). Because the 75th percentile reported by Wang et al. was 1.40 mmol/L, which is lower than that in our study (1.67 mmol/L), the differences of lipid levels may contribute to the discrepancies in results. An obvious increase of first trimester TG concentrations was also noticed in Chinese pregnant women during the last 5 years, which may be related to the changes in diet structure (39). In addition, our study observed that increased TG levels in the first trimester were correlated with elevated risks of macrosomia, which was rarely studied previously. A negative association between TG levels and SGA was also found in the current study, which is consistent with several previous studies (12, 40). In a word, TG exhibited a significant relationship with birth weight and adverse birth outcomes, indicating that TG might play an important role in fetal growth. Additionally, our team previously found that first trimester TG could be a major predictor of gestational diabetes and was associated with preterm birth (17, 41), and others also suggested that high TG might induce gestational hypertension disorders and influence infant post-natal growth (37, 42), emphasizing the important role of TG during pregnancy. Our results supported that first trimester TG could predict adverse birth outcomes, thus the screening in early pregnancy is essential in prenatal health care.

Except for TG, first trimester TC levels exhibited a positive association with birth weight. However, we did not observe any significant association between TC and LGA nor macrosomia in both total population and subgroup analyses, which is consistent with previous researches (37, 43). While previous studies did not propose any association between maternal LDL-c levels and abnormal birth weight (44–46), we observed elevated LDL-c in the first trimester increased odds of LGA, but not macrosomia. In the current study, no detectable association between maternal HDL-c and birth weight or adverse birth outcomes was found as previously suggested in several studies (47, 48) (36, 49). The inconsistent results in different studies could be explained by different gestational weeks when the blood was collected and the variances in the study population.

Unfavorable lipid levels were considered to be related to increased pre-pregnancy BMI. Independent of lipid concentrations, maternal pre-pregnancy overweight, and obesity were reported to increase birth weight and the risks of relevant birth outcomes (50, 51), so we performed a subgroup analysis according to BMI categories. In all subgroups, the association between TG and birth weight and LGA was consistent, suggesting that TG might be a key factor influencing birth weight and predicting LGA. The higher concentrations of TG and smaller subgroup population may explain the inconsistent results in macrosomia. Our results also showed significantly increased risks of excessive birth weight in mothers with pre-pregnancy overweight and obesity (Table 4). Furthermore, the combined effects of pre-pregnancy BMI and lipid profiles on birth outcomes were studied, and significant differences were found according to the combination of pre-pregnancy BMI and first trimester TG levels. Our findings indicated that maternal pre-pregnancy BMI could influence gestational lipid levels and further affect birth weight. Taken together, we hypothesized that pre-pregnancy BMI along with first trimester TG would predict birth outcomes in large measure, and that pregnant women with elevated first trimester lipid concentrations and pre-pregnancy BMI should pay more attention to gestational weight management, including diet control, nutrition education, and moderate exercise. Surprisingly, we observed a negative association between ln-LDL-c with LGA and macrosomia in obese women in the combined effect analysis. As Vahratian et al. reported that the increasement of LDL-c levels during gestation in obese women was discernibly smaller than that in normal pregnancies, we assumed that the metabolic dysregulation and relatively low LDL-c concentrations in late pregnancy may account for the results (52).

Most previous studies focused on the effect of intrauterine lipid exposure in late pregnancy on birth weight, as it is conventionally believed that placental blood flow extensively increases to meet fetal growth and maternal circulating lipids directly impair placental vascular endothelium, leading to placental underperfusion and abnormal birth weight (53, 54). However, our study may indicate the important role of lipid levels in the first trimester. According to previous studies, elevated TG gives an increase in fatty acids, which may influence placental development and angiogenesis (42). In addition, fatty acids could act as growth factors and compete with hormones in binding to albumin, thus increase the free hormone levels such as sex hormones in circulation and subsequently impact intrauterine fetal growth (55). Moreover, maternal lipids in early pregnancy were found to be related to gestational complications such as gestational diabetes, which is a major contributor to LGA and macrosomia (56, 57).

The major strength of our study is the large study population from two centers and thorough and standardized medical records. In addition, the venous blood was drawn in a fasting state, which could reflect the lipid metabolic status better. Moreover, to our knowledge, this is one of the first studies to investigate the combined effects of pre-pregnancy BMI and maternal lipid profiles in early pregnancy on birth outcomes. However, the present study also has limitations, such as some self-reported data (pre-pregnancy weight); a rather small ratio for pre-pregnancy overweight and obese women; lack of some important data, such as maternal blood pressure levels and assessment of placenta function; and not so strict exclusion criteria, as we did not exclude the pregnant women with gestational complications including gestational diabetes and hypertensive disorders. Therefore, we performed a sensitivity analysis to show the relationship between maternal lipid levels and birth weight in women without these conditions and found similar results (Table s4.). Also, the clinical significance of the reference values proposed in this study remains unclear, and we appeal more studies focusing on this issue. In addition, as a retrospective study, the unbalanced baseline data may lead to potential bias, although we have adjusted for confounders in statistical analysis.

In conclusion, maternal first trimester lipid profiles, especially TG, were associated with higher birth weight and increased risks of LGA and macrosomia in different pre-pregnancy BMI categories. Additionally, lipids screening during early pregnancy and pre-pregnancy weight status assessment should be essential to filter mothers who are prone to having infants of elevated birth weight. More studies focusing on the effect of gestational lipid profiles are necessary considering maternal and fetal health.



Data availability statement

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



Ethics statement

Written informed consent was obtained from the individual(s) for the publication of any potentially identifiable images or data included in this article.



Author contributions

Data interpretation, formal analysis, writing: S-MZ and H-QZ. Data curation: CL, CZ, and J-LY. Project administration, funding acquisition, supervision and revision of the manuscript: Y-TW and H-FH. All authors have read the manuscript and agreed to the submitted version of the manuscript.



Funding

This research is supported by National Key Research and Development Program of China (2021YFC2700701), National Natural Science Foundation of China (81661128010, 82171686, 82001571, 82088102), the International Science and Technology Collaborative Fund of Shanghai (18410711800), Program of Shanghai Academic Research Leader (20XD1424100), Clinical Research Plan of Shanghai Shenkang Hospital Development Center (SHDC12018X17, SHDC12019107 and SHDC2020CR1008A) and Shanghai Frontiers Science Research Base of Reproduction and Development, Science and Technology Innovation Fund of Shanghai Jiao Tong University (YG2019GD04, YG2020YQ29) and CAMS Innovation Fund for Medical Sciences (2019-I2M-5-064). Natural Science Foundation of Shanghai (20ZR1463100), Collaborative Innovation Program of Shanghai Municipal Health Commission (2020CXJQ01), Outstanding Youth Medical Talents of Shanghai Rising Stars of Medical Talent Youth Development Program and  Shanghai “Science and Technology Innovation Action Plan” Hong Kong, Macao, and Taiwan Science and Technology Cooperation Project (19410760100).



Acknowledgments

We thank all the doctors and nurses who helped with recruitment for the study. We also thanked the pregnant women who participated in the current study.



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.2022.951871/full#supplementary-material



References

1. Barker, DJ. The origins of the developmental origins theory. J Intern Med (2007) 261(5):412–7. doi: 10.1111/j.1365-2796.2007.01809.x

2. Gluckman, PD, Hanson, MA, Cooper, C, and Thornburg, KL. Effect of in utero and early-life conditions on adult health and disease. N Engl J Med (2008) 359(1):61–73. doi: 10.1056/NEJMra0708473

3. Brett, KE, Ferraro, ZM, Yockell-Lelievre, J, Gruslin, A, and Adamo, KB. Maternal-fetal nutrient transport in pregnancy pathologies: the role of the placenta. Int J Mol Sci (2014) 15(9):16153–85. doi: 10.3390/ijms150916153

4. Barbour, LA, and Hernandez, TL. Maternal lipids and fetal overgrowth: Making fat from fat. Clin Ther (2018) 40(10):1638–47. doi: 10.1016/j.clinthera.2018.08.007

5. Saarelainen, H, Laitinen, T, Raitakari, OT, Juonala, M, Heiskanen, N, Lyyra-Laitinen, T, et al. Pregnancy-related hyperlipidemia and endothelial function in healthy women. Circ J (2006) 70(6):768–72. doi: 10.1253/circj.70.768

6. Bever, AM, Mumford, SL, Schisterman, EF, Sjaarda, L, Perkins, NJ, Gerlanc, N, et al. Maternal preconception lipid profile and gestational lipid changes in relation to birthweight outcomes. Sci Rep (2020) 10(1):1374. doi: 10.1038/s41598-019-57373-z

7. Pan, XF, Wang, L, and Pan, A. Epidemiology and determinants of obesity in China. Lancet Diabetes Endocrinol (2021) 9(6):373–92. doi: 10.1016/S2213-8587(21)00045-0

8. Olmos, PR, Rigotti, A, Busso, D, Berkowitz, L, Santos, JL, Borzone, GR, et al. Maternal hypertriglyceridemia: A link between maternal overweight-obesity and macrosomia in gestational diabetes. Obes (Silver Spring) (2014) 22(10):2156–63. doi: 10.1002/oby.20816

9. Hajar Sharami, S, Abbasi Ranjbar, Z, Alizadeh, F, and Kazemnejad, E. The relationship of hyperlipidemia with maternal and neonatal outcomes in pregnancy: A cross-sectional study. Int J Reprod Biomed (2019) 17(10):739–48. doi: 10.18502/ijrm.v17i10.5294

10. Xue, RH, Wu, DD, Zhou, CL, Chen, L, Li, J, Li, ZZ, et al. Association of high maternal triglyceride levels early and late in pregnancy with adverse outcomes: A retrospective cohort study. J Clin Lipidol (2021) 15(1):162–72. doi: 10.1016/j.jacl.2020.10.001

11. Jin, WY, Lin, SL, Hou, RL, Chen, XY, Han, T, Jin, Y, et al. Associations between maternal lipid profile and pregnancy complications and perinatal outcomes: a population-based study from China. BMC Pregnancy Childbirth (2016) 16:60. doi: 10.1186/s12884-016-0852-9

12. Okala, SG, Sise, EA, Sosseh, F, Prentice, AM, Woollett, LA, and Moore, SE. Maternal plasma lipid levels across pregnancy and the risks of small-for-gestational age and low birth weight: a cohort study from rural Gambia. BMC Pregnancy Childbirth (2020) 20(1):153. doi: 10.1186/s12884-020-2834-1

13. Sánchez-Vera, I, Bonet, B, Viana, M, Quintanar, A, Martín, MD, Blanco, P, et al. Changes in plasma lipids and increased low-density lipoprotein susceptibility to oxidation in pregnancies complicated by gestational diabetes: consequences of obesity. Metabolism (2007) 56(11):1527–33. doi: 10.1016/j.metabol.2007.06.020

14. Hollingsworth, DR, and Grundy, SM. Pregnancy-associated hypertriglyceridemia in normal and diabetic women. differences in insulin-dependent, non-insulin-dependent, and gestational diabetes. Diabetes (1982) 31(12):1092–7. doi: 10.2337/diacare.31.12.1092

15. Hubel, CA, McLaughlin, MK, Evans, RW, Hauth, BA, Sims, CJ, and Roberts, JM. Fasting serum triglycerides, free fatty acids, and malondialdehyde are increased in preeclampsia, are positively correlated, and decrease within 48 hours post partum. Am J Obstet Gynecol (1996) 174(3):975–82. doi: 10.1016/S0002-9378(96)70336-8

16. Gratacós, E, Casals, E, Gómez, O, Llurba, E, Mercader, I, Cararach, V, et al. Increased susceptibility to low density lipoprotein oxidation in women with a history of pre-eclampsia. Bjog (2003) 110(4):400–4. doi: 10.1016/S1470-0328(03)02949-5

17. Lin, XH, Wu, DD, Li, C, Xu, YJ, Gao, L, Lass, G, et al. Maternal high triglyceride levels during early pregnancy and risk of preterm delivery: A retrospective cohort study. J Clin Endocrinol Metab (2019) 104(4):1249–58. doi: 10.1210/jc.2018-01372

18. Adank, MC, Benschop, L, van Streun, SP, Smak Gregoor, AM, Mulder, MT, Steegers, EAP, et al. Gestational lipid profile as an early marker of metabolic syndrome in later life: a population-based prospective cohort study. BMC Med (2020) 18(1):394. doi: 10.1186/s12916-020-01868-4

19. Parikh, NI, Laria, B, Nah, G, Singhal, M, Vittinghoff, E, Vieten, C, et al. Cardiovascular disease-related pregnancy complications are associated with increased maternal levels and trajectories of cardiovascular disease biomarkers during and after pregnancy. J Womens Health (Larchmt) (2020) 29(10):1283–91. doi: 10.1089/jwh.2018.7560

20. Chavkin, U, Wainstock, T, Sheiner, E, Sergienko, R, and Walfisch, A. Perinatal outcome of pregnancies complicated with extreme birth weights at term. J Matern Fetal Neonatal Med (2019) 32(2):198–202. doi: 10.1080/14767058.2017.1376048

21. Chauhan, SP, Rice, MM, Grobman, WA, Bailit, J, Reddy, UM, Wapner, RJ, et al. Neonatal morbidity of small- and Large-for-Gestational-Age neonates born at term in uncomplicated pregnancies. Obstet Gynecol (2017) 130(3):511–9. doi: 10.1097/AOG.0000000000002199

22. Johnsson, IW, Haglund, B, Ahlsson, F, and Gustafsson, J. A high birth weight is associated with increased risk of type 2 diabetes and obesity. Pediatr Obes (2015) 10(2):77–83. doi: 10.1111/ijpo.230

23. Boney, CM, Verma, A, Tucker, R, and Vohr, BR. Metabolic syndrome in childhood: association with birth weight, maternal obesity, and gestational diabetes mellitus. Pediatrics (2005) 115(3):e290–6. doi: 10.1542/peds.2004-1808

24. Thompson, C, Syddall, H, Rodin, I, Osmond, C, and Barker, DJ. Birth weight and the risk of depressive disorder in late life. Br J Psychiatry (2001) 179:450–5. doi: 10.1192/bjp.179.5.450

25. Koller-Smith, LI, Shah, PS, Ye, XY, Sjörs, G, Wang, YA, Chow, SSW, et al. Comparing very low birth weight versus very low gestation cohort methods for outcome analysis of high risk preterm infants. BMC Pediatr (2017) 17(1):166. doi: 10.1186/s12887-017-0921-x

26. Di Cianni, G, Miccoli, R, Volpe, L, Lencioni, C, Ghio, A, Giovannitti, MG, et al. Maternal triglyceride levels and newborn weight in pregnant women with normal glucose tolerance. Diabetes Med (2005) 22(1):21–5. doi: 10.1111/j.1464-5491.2004.01336.x

27. Whyte, K, Kelly, H, O’Dwyer, V, Gibbs, M, O’Higgins, A, and Turner, MJ. Offspring birth weight and maternal fasting lipids in women screened for gestational diabetes mellitus (GDM). Eur J Obstet Gynecol Reprod Biol (2013) 170(1):67–70. doi: 10.1016/j.ejogrb.2013.04.015

28. Rahat-Rozenbloom, S, Fernandes, J, Gloor, GB, and Wolever, TM. Evidence for greater production of colonic short-chain fatty acids in overweight than lean humans. Int J Obes (Lond). (2014) 38(12):1525–31. doi: 10.1038/ijo.2014.46

29. Niklasson, A, and Albertsson-Wikland, K. Continuous growth reference from 24th week of gestation to 24 months by gender. BMC Pediatr (2008) 8:8. doi: 10.1186/1471-2431-8-8

30. Villar, J, Cheikh Ismail, L, Victora, CG, Ohuma, EO, Bertino, E, Altman, DG, et al. International standards for newborn weight, length, and head circumference by gestational age and sex: the newborn cross-sectional study of the INTERGROWTH-21st project. Lancet (2014) 384(9946):857–68. doi: 10.1016/S0140-6736(14)60932-6

31.Macrosomia: ACOG practice bulletin, number 216. Obstet Gynecol (2020) 135(1):e18–35. doi: 10.1097/AOG.0000000000003606

32. Sun, X, Liu, W, Zhang, B, Shen, X, Hu, C, Chen, X, et al. Maternal heavy metal exposure, thyroid hormones, and birth outcomes: A prospective cohort study. J Clin Endocrinol Metab (2019) 104(11):5043–52. doi: 10.1210/jc.2018-02492

33. Grimes, SB, and Wild, R. Effect of pregnancy on lipid metabolism and lipoprotein levels. In:  KR Feingold, B Anawalt, A Boyce, G Chrousos, WW de Herder, K Dhatariya, et al, editors. Endotext. South Dartmouth (MA: MDText.com, Inc. Copyright © 2000-2022, MDText.com, Inc (2018).

34. Wiznitzer, A, Mayer, A, Novack, V, Sheiner, E, Gilutz, H, Malhotra, A, et al. Association of lipid levels during gestation with preeclampsia and gestational diabetes mellitus: a population-based study. Am J Obstet Gynecol (2009) 201(5):482.e1–8. doi: 10.1016/j.ajog.2009.05.032

35. Farias, DR, Franco-Sena, AB, Vilela, A, Lepsch, J, Mendes, RH, and Kac, G. Lipid changes throughout pregnancy according to pre-pregnancy BMI: results from a prospective cohort. BJOG (2016) 123(4):570–8. doi: 10.1111/1471-0528.13293

36. Adank, MC, Benschop, L, Kors, AW, Peterbroers, KR, Smak Gregoor, AM, Mulder, MT, et al. Maternal lipid profile in early pregnancy is associated with foetal growth and the risk of a child born large-for-gestational age: a population-based prospective cohort study: Maternal lipid profile in early pregnancy and foetal growth. BMC Med (2020) 18(1):276. doi: 10.1186/s12916-020-01730-7

37. Vrijkotte, TG, Algera, SJ, Brouwer, IA, van Eijsden, M, and Twickler, MB. Maternal triglyceride levels during early pregnancy are associated with birth weight and postnatal growth. J Pediatr (2011) 159(5):736–42.e1. doi: 10.1016/j.jpeds.2011.05.001

38. Chen, KY, Lin, SY, Lee, CN, Wu, HT, Kuo, CH, Kuo, HC, et al. Maternal plasma lipids during pregnancy, insulin-like growth factor-1, and excess fetal growth. J Clin Endocrinol Metab (2021) 106(9):e3461–e72. doi: 10.1210/clinem/dgab364

39. Wang, C, Zhu, W, Wei, Y, Su, R, Feng, H, Hadar, E, et al. The associations between early pregnancy lipid profiles and pregnancy outcomes. J Perinatol (2017) 37(2):127–33. doi: 10.1038/jp.2016.191

40. Abdel-Hamid, TA, AbdelLatif, D, Ahmed, E, and Abdel-Rasheed, M. Relation between maternal and neonatal serum lipid profile and their impact on birth weight. Am J Perinatol (2020) 39(10):1112–16. doi: 10.1055/s-0040-1721690

41. Wu, YT, Zhang, CJ, Mol, BW, Kawai, A, Li, C, Chen, L, et al. Early prediction of gestational diabetes mellitus in the Chinese population via advanced machine learning. J Clin Endocrinol Metab (2021) 106(3):e1191–e205. doi: 10.1210/clinem/dgaa899

42. Vrijkotte, TG, Krukziener, N, Hutten, BA, Vollebregt, KC, van Eijsden, M, and Twickler, MB. Maternal lipid profile during early pregnancy and pregnancy complications and outcomes: the ABCD study. J Clin Endocrinol Metab (2012) 97(11):3917–25. doi: 10.1210/jc.2012-1295

43. Edison, RJ, Berg, K, Remaley, A, Kelley, R, Rotimi, C, Stevenson, RE, et al. Adverse birth outcome among mothers with low serum cholesterol. Pediatrics (2007) 120(4):723–33. doi: 10.1542/peds.2006-1939

44. Misra, VK, Trudeau, S, and Perni, U. Maternal serum lipids during pregnancy and infant birth weight: the influence of prepregnancy BMI. Obes (Silver Spring) (2011) 19(7):1476–81. doi: 10.1038/oby.2011.43

45. Wu, Q, Zhang, L, Huang, L, Lei, Y, Chen, L, Liang, Z, et al. Second-trimester maternal lipid profiles predict pregnancy complications in an age-dependent manner. Arch Gynecol Obstet (2019) 299(5):1253–60. doi: 10.1007/s00404-019-05094-z

46. Xi, F, Chen, H, Chen, Q, Chen, D, Chen, Y, Sagnelli, M, et al. Second-trimester and third-trimester maternal lipid profiles significantly correlated to LGA and macrosomia. Arch Gynecol Obstet (2021) 304(4):885–94. doi: 10.1007/s00404-021-06010-0

47. Wang, H, Dang, Q, Zhu, H, Liang, N, Le, Z, Huang, D, et al. Associations between maternal serum HDL-c concentrations during pregnancy and neonatal birth weight: a population-based cohort study. Lipids Health Dis (2020) 19(1):93. doi: 10.1186/s12944-020-01264-0

48. Xiao, Y, and Zhang, X. Association between maternal Glucose/Lipid metabolism parameters and abnormal newborn birth weight in gestational diabetes complicated by preeclampsia: A retrospective analysis of 248 cases. Diabetes Ther (2020) 11(4):905–14. doi: 10.1007/s13300-020-00792-3

49. Clausen, T, Burski, TK, Øyen, N, Godang, K, Bollerslev, J, and Henriksen, T. Maternal anthropometric and metabolic factors in the first half of pregnancy and risk of neonatal macrosomia in term pregnancies. A Prospective Study Eur J Endocrinol (2005) 153(6):887–94. doi: 10.1530/eje.1.02034

50. Liu, B, Xu, G, Sun, Y, Du, Y, Gao, R, Snetselaar, LG, et al. Association between maternal pre-pregnancy obesity and preterm birth according to maternal age and race or ethnicity: a population-based study. Lancet Diabetes Endocrinol (2019) 7(9):707–14. doi: 10.1016/S2213-8587(19)30193-7

51. 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(1):390. doi: 10.1186/s12884-020-03071-y

52. Vahratian, A, Misra, VK, Trudeau, S, and Misra, DP. Prepregnancy body mass index and gestational age-dependent changes in lipid levels during pregnancy. Obstet Gynecol (2010) 116(1):107–13. doi: 10.1097/AOG.0b013e3181e45d23

53. Sattar, N, Petrie, JR, and Jaap, AJ. The atherogenic lipoprotein phenotype and vascular endothelial dysfunction. Atherosclerosis (1998) 138(2):229–35. doi: 10.1016/S0021-9150(98)00037-9

54. Blum, JL, Chen, LC, and Zelikoff, JT. Exposure to ambient particulate matter during specific gestational periods produces adverse obstetric consequences in mice. Environ Health Perspect (2017) 125(7):077020. doi: 10.1289/EHP1029

55. Fasshauer, M, Seeger, J, Waldeyer, T, Schrey, S, Ebert, T, Kratzsch, J, et al. Serum levels of the adipokine adipocyte fatty acid-binding protein are increased in preeclampsia. Am J Hypertens (2008) 21(5):582–6. doi: 10.1038/ajh.2008.23

56. Contreras-Duarte, S, Carvajal, L, Fuenzalida, B, Cantin, C, Sobrevia, L, and Leiva, A. Maternal dyslipidaemia in pregnancy with gestational diabetes mellitus: Possible impact on foetoplacental vascular function and lipoproteins in the neonatal circulation. Curr Vasc Pharmacol (2019) 17(1):52–71. doi: 10.2174/1570161115666171116154247

57. Contreras-Duarte, S, Cantin, C, Farias, M, and Leiva, A. High total cholesterol and triglycerides levels increase arginases metabolism, impairing nitric oxide signaling and worsening fetoplacental endothelial dysfunction in gestational diabetes mellitus pregnancies. Biochim Biophys Acta Mol Basis Dis (2021) 1867(12):166216. doi: 10.1016/j.bbadis.2021.166216



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 Zhu, Zhang, Li, Zhang, Yu, 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-13-951871-g004.jpg
firsttrimester In-TC

first trimester In-LDL-¢

25

20

20

05

0.0

05

Incidence of LGA B

08
06 i
T
- 5
-
— 04 £
E
02
P=0.0131
T T T T 00
15 20 2 30
Pre-pregnancy BMI, kg/m?
Incidence of LGA D
10
3
]
H
|
=
£
P <0.0001
y T T T
15 20 25 30 35 40

Pre-preanancy BMI ka/m?

15

10

05

00

05

-10

Incidence of LGA

P=0.0224

08

06

04

02

15

T T T 00

20 % 30 35 Fy
Pre-pregnancy BMI, kgim®

Incidence of LGA

P=0.0147

08

06

04

02

15

00

T T T
20 25 30

Pre-oreanancy BML kot





OEBPS/Images/fendo-13-951871-g001.jpg
Birth weight (SD)

Birth weight (SD)

0.2

0.1

0.0

-0.1

0.2

0.0

-0.2

0.5

P=10.0008

1.0 15 2.0
First trimester In-TC

P =0.0079

0 1
First trimester In-LDL-C

@

Birth weight (SD)

o
~

=4
o

s
=

0.025

0.000

-0.025

Birth weight (SD)

-0.050

-1

P <0.0001

0 1
First trimester In-TG

P=0.6675

0 1
First trimester In-HDL -C





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Maternal lipid profile during early pregnancy and birth weight: A retrospective study

      

        		

          Introduction

        



        		

          Objective

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusions

        



        		

          Introduction

        



        		

          Materials and methods

        

          		

            Study population

          



          		

            Data collection and measures

          



          		

            Birth outcomes

          



          		

            Statistical analysis

          



        



        



        		

          Results

        

          		

            Study population

          



          		

            Maternal lipid profile and birth weight

          



          		

            Maternal lipid profile and birth outcomes

          



          		

            Combined effects of lipid concentrations and pre-pregnancy BMI on the risks of LGA and macrosomia

          



        



        



        		

          Discussion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          Supplementary material

        



        		

          References

        



      



      



    



  



OEBPS/Images/fendo-13-951871-g002.jpg
>

8.00%

7.00%

6.00%

5.00%

Incidence of Macrosomia

4.00%

o

10.0%

8.0%

6.0%

4.0%

Incidence of Macrosomia

0.5

P=0.3471

10 15 20
First trimester In-TC

P =0.0956

0

H
First trimester In-L DI -C

Incidence of Macrosomia

16.0%
12.0%

8.0%

4.0%

P <0.0001
2 -1 0 1 2
First trimester In-TG

g 6.00%

o

3

G 5.75%

©
= /
=

S 550%

o

c

[0}
B 5.25%
£

5.00% P =0.1607

-1 0 1 2
First trimester In-HDI! -C





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
Mean + SD 25th 50th 75th

TC 4.56 + 0.83 3.99 4.48 5.02
TG 1.42 £ 0.65 0.98 1.29 167
LDL-c 229+ 0.63 2.19 2.59 299
HDL-c 1.58 £ 0.52 1.21 1.67 2,01

'C, total cholesterol; TG, triglyceride; LDL-c, low-density lipoprotein cholesterol; HDL-c, high-density lipoprotein cholesterol.





OEBPS/Images/table4.jpg
All Normal weight Underweight Overweight Obesity

<75th > 75th <75th > 75th <75th > 75th <75th > 75th <75th > 75th
TC
LGA
n (%) 7131 (16.5) 2543 (17.7) 5400 (16.5) 1916 (17.6) 544 (8.7) 168 (9.5) 1007 (27.4) 381 (25.8) 180 (35.8) 78 (36.3)
OR (95% 1.00 1.07 (1.00, 1.00 1.09 (1.03, 1.00 1.08 (0.87, 1.00 091 (0.78, 1.00 0.94 (0.66,
CI) (reference) 1.14) (reference) 1.17) (reference) 1.33) (reference) 1.05) (reference) 1.36)
Macrosomia
n (%) 2407 (5.6) 851 (5.9) 1792 (5.5) 621 (5.7) 132 (2.1) 53 (3) 408 (11.1) 148 (10.0) 75 (14.9) 29 (13.5)
OR (95% 1.00 1.05 (0.96, 1.00 1.09 (0.98, 1.00 1.39 (0.93, 1.00 0.93 (0.74, 1.00 0.88 (0.53,
CI) (reference) 1.16) (reference) 1.22) (reference) 2.07) (reference) 1.16) (reference) 1.48)
LBW
n (%) 1407 (3.3) 500 (3.5) 1000 (3.1) 348 (32) 243 (3.9) 72 (4.1) 146 (4) 64 (4.3) 18 (3.6) 16 (7.4)
OR (95% 1.00 0.98 (0.83, 1.00 0.93 (0.76, 1.00 1.00 (0.67, 1.00 1.07 (0.62, 1.00 3.06 (0.77,
CI) (reference) 1.16) (reference) 1.14) (reference) 1.48) (reference) 1.84) (reference) 12.08)
SGA
n (%) 1002 (2.3) 318 (2.2) 708 (2.2) 229 (2.1) 235 (3.8) 60 (3.4) 51 (1.4) 26 (1.8) 8 (1.6) 3(1.4)
OR (95% 1.00 0.89 (0.76, 1.00 0.87 (0.73, 1.00 0.87 (0.62, 1.00 1.23 (0.72, 1.00 0.33 (0.04,
CI) (reference) 1.03) (reference) 1.04) (reference) 1.22) (reference) 2.09) (reference) 3.05)
TG
LGA
n (%) 6693 (15.5) 2981 (20.8) 5204 (15.8) 2112 (19.7) 571 (8.5) 141 (10.9) 793 (25.6) 595 (29.0) 125 (30.7) 133 (42.8)
OR (95% 1.00 1.21 (115, 1.00 1.29 (1.22, 1.00 1.23 (0.98, 1.00 1.15 (1.00, 1.00 161 (1.15,
CI) (reference) 1.28) (reference) 1.38) (reference) 1.55) (reference) 1.31) (reference) 2.32)
Macrosomia
n (%) 2267 (5.3) 991 (6.9) 1739 (5.3) 674 (6.3) 142 (2.1) 43 (3.3) 330 (10.7) 226 (11) 56 (13.8) 48 (15.4)
OR (95% 1.00 1.20 (1.10, 1.00 1.29 (1.16, 1.00 1.51 (0.98, 1.00 1.13 (0.93, 1.00 1.24 (0.79,
CI) (reference) 1.31) (reference) 1.43) (reference) 2.31) (reference) 1.38) (reference) 1.96)
LBW
n (%) 1388 (3.2) 519 (3.6) 989 (3) 359 (3.4) 265 (3.9) 50 (3.9) 117 (3.8) 93 (4.5) 17 (4.2) 17 (5.5)
OR (95% 1.00 1.05 (0.99, 1.00 1.05 (0.99, 1.00 0.79 (049, 1.00 1.04 (0.91, 1.00 1.06 (0.73,
cn (reference) 1.10) (reference) L11) (reference) 1.26) (reference) 1.19) (reference) 1.53)
SGA
n (%) 1036 (2.4) 284 (2) 730 (2.2) 207 (1.9) 247 (3.7) 48 (3.7) 51 (1.6) 26 (1.3) 8 (2.0) 3 (1.0)
OR (95% 1.00 0.71 (0.61, 1.00 0.87 (0.73, 1.00 1.18 (0.83, 1.00 0.66 (0.38, 1.00 0.2 (0.02,
CI) (reference) 0.83) (reference) 1.05) (reference) 1.67) (reference) 1.12) (reference) 1.97)
LDL
LGA
n (%) 6988 (16.3) 2679 (18.4) 5332 (16.4) 1978 (17.9) 572 (8.7) 140 (9.5) 934 (27.9) 453 (25.1) 150 (35.9) 108 (36)
OR (95% 1.00 1.04 (0.99, 1.00 1.11 (1.05, 1.00 1.15 (0.94, 1.00 0.89 (0.71, 1.00 1.06 (0.76,
CI) (reference) 1.10) (reference) 1.18) (reference) 141) (reference) 1.02) (reference) 1.47)
Macrosomia
n (%) 2329 (5.4) 926 (6.3) 1756 (5.4) 655 (5.9) 142 (2.2) 43 (2.9) 372 (11.1) 183 (10.1) 59 (14.1) 45 (15)
OR (95% 1.00 1.09 (1.00, 1.00 1.15 (1.04, 1.00 1.56 (1.08, 1.00 0.94 (0.77, 1.00 1.25 (0.80,
CI) (reference) 1.19) (reference) 1.27) (reference) 2.25) (reference) 1.15) (reference) 1.97)
LBW
n (%) 1369 (3.2) 529 (3.6) 960 (2.9) 381 (3.5) 263 (4) 51 (3.5) 128 (3.8) 81 (4.5) 18 (4.3) 16 (5.3)
OR (95% 1.00 1.01 (0.97, 1.00 0.99 (0.82, 1.00 0.76 (0.5, 1.00 0.99 (0.6, 1.00 1.38 (0.37,
cI) (reference) 1.07) (reference) 12) (reference) 1.15) (reference) 1.62) (reference) 5.18)
SGA
n (%) 986 (2.3) 328 (2.2) 698 (2.1) 234 (2.1) 241 (3.7) 53 (3.6) 41 (1.2) 36 (2) 6 (1.4) 5(1.7)
OR (95% 1.00 0.86 (0.68, 1.00 1.00 (0.85, 1.00 0.85 (0.61, 1.00 1.59 (0.97, 1.00 1.71 (0.37,
CI) (reference) 1.1) (reference) 1.18) (reference) 1.18) (reference) 2.6) (reference) 7.88)

< 25th > 25th < 25th > 25th < 25th > 25th < 25th > 25th < 25th > 25th
HDL
LGA
n (%) 2268 (15.9) 7406 (17.1) 1686 (15.9) 5630 (17.1) 167 (8.3) 545 (9.1) 337 (24.2) 1051 (28) 78 (33.1) 180 (37.3)
OR (95% 1.00 (0.94, 1.00 1.03 (0.96, 1.00 1.10 (0.88, 1.00 0.91 (0.78, 1.00 1.10 (0.75, 1.00
CI) 1.07) (reference) 1.11) (reference) 1.38) (reference) 1.08) (reference) 1.61) (reference)
Macrosomia
n (%) 839 (5.9) 2419 (5.6) 625 (5.9) 1788 (5.4) 52 (2.6) 133 (22) 137 (9.8) 419 (11.1) 25 (10.6) 79 (16.4)
OR (95% 1.01 (091, 1.00 1.09 (0.97, 1.00 1.09 (0.71, 1.00 0.89 (0.70, 1.00 0.59 (0.34, 1.00
CI) 1.11) (reference) 1.22) (reference) 1.67) (reference) 1.13) (reference) 1.02) (reference)
LBW
n (%) 443 (3.1) 1464 (3.4) 310 (2.9) 1038 (3.1) 64 (3.2) 251 (4.2) 58 (4.2) 152 (4) 11 (47) 23 (4.8)
OR (95% 0.90 (0.71, 1.00 1.05 (0.84, 1.00 0.94 (0.61, 1.00 0.65 (0.35, 1.00 0.24 (0.04, 1.00
CI) 1.13) (reference) 1.31) (reference) 1.46) (reference) 1.21) (reference) 1.54) (reference)
SGA
n (%) 378 (2.7) 942 (2.2) 268 (2.5) 669 (2) 88 (4.4) 207 (3.4) 18 (1.3) 59 (1.6) 4(1.7) 7 (1.5)
OR (95% 0.83 (0.68, 1.00 1.11 (0.93, 1.00 1.28 (0.92, 1.00 0.54 (0.29, 1) 1.00 1.46 (0.27, 1.00
CI) 1.02) (reference) 1.33) (reference) 1.77) (reference) (reference) 7.98) (reference)

Data are shown as OR and 95% ClI, adjusted for maternal age, mode of conception, parity, education attainment, consumption of cigarettes, infant sex, gestational diabetes, and gestational
hypertension disorders. LGA, large for gestational age; LBW, low birth weight; SGA, small for gestational age; TC, total cholesterol; TG, triglyceride; LDL-c, low-density lipoprotein
cholesterol; HDL-c, high-density lipoprotein cholesterol.
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*Adjusted for maternal age, mode of conception, parity, education attainment, consumption of

cigarettes, infant sex, gestational diabetes, and gestational hypertension disorders.

LGA, large for gestational age; TC, total cholesterol; TG, triglyceride; LDL-c, low density
lipoprotein cholesterol; HDL-c, high-density lipoprotein cholesterol; CI, confidential interval.
* A significant association was found statistically.
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