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Objective

To study the association between pre-pregnancy body mass index (BMI) and adverse maternal and neonatal outcomes of singleton pregnancies after assisted reproductive technology (ART).



Methods

This hospital-based retrospective cohort study of women with live singleton births through ART in China from January 2015 to August 2020 included 3043 Chinese women. According to the latest BMI classification standard of Asian women, the women included in this study were classified as underweight (BMI <18.5 kg/m2), normal (BMI 18.5 to <23 kg/m2), overweight (BMI 23 to <27.5 kg/m2), and obese (BMI ≥27.5 kg/m2). We compared the risk of adverse outcomes of different pre-pregnancy BMI values of women with singleton pregnancies conceived through ART. We used Logistic regression analysis to estimate the associations between pre-pregnancy BMI and adverse perinatal and neonatal outcomes.



Results

Our findings showed that women who were overweight or obese before pregnancy through ART are more likely to have a cesarean section, gestational diabetes mellitus, gestational hypertension, and preeclampsia, regardless of whether confounding factors are adjusted. Moreover, pre-pregnancy obesity was more associated with a higher risk of these adverse outcomes than pre-pregnancy overweight. In addition, neonates from women who had obesity before pregnancy through ART were more likely to have macrosomia; adjusted odds ratios and 95% confidence intervals were 3.004 (1.693-5.330).



Conclusions

Our research showed that women who had pre-pregnancy overweight or obesity with singleton pregnancies through ART were more likely to have a cesarean section, gestational diabetes mellitus, gestational hypertension, and preeclampsia. Moreover, neonates from women who had obesity before pregnancy were more likely to have macrosomia.
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Introduction

Studies have shown that being underweight or overweight before pregnancy has adverse effects on pregnant women and their newborns (1–3). Some studies have shown that women with pre-pregnancy underweight are at risk of premature delivery (4), and their newborns are at risk of low birth weight (LBW) and small for gestational age (5). Women with pre-pregnancy overweight have been reported to be at risk of gestational diabetes, cesarean section, gestational hypertension, and postpartum hemorrhage, etc. (6), with increased risks of macrosomia, premature delivery, and neonatal asphyxia in their infants (2). Although studies in different countries have shown different conclusions, it has been established that abnormal weight before pregnancy is related to poor pregnancy outcomes.

Since assisted reproductive technology (ART) has been widely used, it is possible that adverse effects have been studied. Currently, many studies have reported that pregnant women who conceived through ART experience more perinatal complications, and their newborns may have a greater risk of adverse outcomes. A study in Japan showed that pregnancies conceived through ART are prone to a variety of adverse complications, such as premature delivery, placenta previa, placental adhesion, placental abruption, gestational hypertension, etc. (7). A study in Italy reported similar findings among this population (8). Other studies also showed that, even without complications during pregnancy, there was an increased risk of placental adhesion and postpartum hemorrhage during delivery at term (9). Some studies reported that newborns conceived through ART are at a greater risk of premature delivery and LBW (10). However, a prospective study in the United States showed that growth and development in offspring conceived through ART and those conceived naturally were similar, without significant difference (11).

Many studies have explored the relationship of pre-pregnancy weight with live birth rate, pregnancy rate, and abortion rate after ART treatment (12–15). A meta-analysis showed that the clinical pregnancy rate in women with pre-pregnancy underweight was lower than that in women with normal weight before pregnancy, but there was no significant difference between live birth rate and abortion rate (13). A 10-year cohort study in China showed that obese pregnant women receiving ART treatment were at risk of early abortion (14). Some studies also believe that pre-pregnancy weight influences neonatal outcomes in women who conceived through ART. A retrospective cohort study in China showed that maternal overweight and obesity before pregnancy were associated with higher risks of premature delivery, macrosomia, and large for gestational age (LGA) in singleton births conceived through ART. The study also found that the association between pre-pregnancy weight and adverse outcomes was influenced by the time of embryo transfer (fresh/frozen embryo transfer) (16). A study in Slovenia also showed an increased risk of premature delivery in women who had obesity before conceiving through ART (17). A cohort study in Canada found that pregnant women who had pre-pregnancy overweight or obesity had an increased risk of pre-eclampsia, compared with women with normal weight, and that in vitro fertilization (IVF) further aggravated the risk of pre-eclampsia, indicating the superposition effect of excessive BMI increase and IVF on the risk of pre-eclampsia (18). Currently, only a few studies have combined ART with pre-pregnancy BMI to study their associations with perinatal complications and neonatal outcomes. In the meantime, there was a lack of research data for Asian populations. Therefore, our study combines two factors—ART and pre-pregnancy BMI—simultaneously to explore the maternal and neonatal outcomes in women who had singleton pregnancies through ART in Shanghai, China.



Materials and Methods

This retrospective cohort study included women who conceived through ART and delivered to live-born singleton infants at Shanghai First Maternity and Infant Hospital from January 2015 to August 2020. In this study, ART pregnancy refers to pregnancy obtained through IVF or intracytoplasmic sperm injection (ICSI). We reviewed their basic information, including maternal age, gestational age, parity, mode of delivery, premature birth history, rate of gestational weight gain (GWG), and birth year of newborns. The data were obtained from the electronic medical record system of the Shanghai First Maternity and Infant Hospital. This study was approved by the Ethics Committee of the Shanghai First Maternal and Infant Hospital, affiliated with Tongji University School of Medicine. Written informed consent for participation was not required for this study in accordance with the national legislation and the institutional requirements.


Population

All women with live-born singleton infants conceived through ART in the information system of Shanghai First Maternity and Infant Hospital from January 2015 to August 2020 were retrospectively selected. Records were deleted from the dataset for the following reasons: pre-pregnancy weight less than 35 kg (n=0), height less than 140 cm (n=0), missing data (n = 26), pre-pregnancy hypertension and diabetes mellitus (n=6). Finally, 3043 patients were included in the study (Figure 1).




Figure 1 | Flow chart concerning the study population.





Exposure

The primary explanatory variable was maternal pre-pregnancy BMI, defined as the maternal pre-pregnancy weight divided by the square of the height (kilograms/square meters). According to the latest BMI classification standard for Asian women (19), the women included in this study were classified as underweight (BMI <18.5 kg/m2), normal (BMI 18.5 to <23 kg/m2), overweight (BMI 23 to <27.5 kg/m2), or obese (BMI ≥27.5 kg/m2). Other studies also believe that it is more appropriate to use BMI classification standards suitable for Asians (20, 21).



Outcomes

The outcomes of interest are perinatal and neonatal complications. Perinatal complications include gestational hypertension, preeclampsia, gestational diabetes mellitus, premature delivery, premature rupture of membranes, meconium-stained amniotic fluid, polyhydramnios, oligohydramnios, intrahepatic cholestasis of pregnancy, vaginal group B streptococcus infection, thyroid diseases during pregnancy (including hypothyroidism, hyperthyroidism, subclinical hypothyroidism), placenta-related diseases (including placental abruption, placenta previa, placenta adhesion, racket placenta, sail placenta, low-lying placenta, placenta implantation), umbilical cord related abnormalities (including umbilical cord edema, umbilical cord torsion, umbilical cord true knot, umbilical cord spiral, short cord, umbilical cord entanglement, umbilical cord cyst), and postpartum hemorrhage. Newborn outcomes include fetal distress, LBW, macrosomia, newborn sex, and an Apgar score of 1 minute. Pre-pregnancy BMI was calculated according to the height and weight information of pregnant women before pregnancy. The mothers’ pre-pregnancy height and weight were self-reported, and the weight before delivery was measured in the hospital. The gestational age was calculated according to the last menstruation reported during the first antenatal examination. If the fetal size measured by ultrasound is quite different from the gestational age calculated using the last menstruation, the gestational age is calculated according to their earliest ultrasound. Because pregnant women give birth at different times, it would be more accurate for us to use the rate of GWG instead of GWG. The rate of GWG was calculated by subtracting the pre-pregnancy weight from predelivery weight and then dividing it by the number of gestational weeks.



Statistical Analysis

Continuous variable data are expressed as the mean ± standard deviation (X ± S). The chi-squared test was used to analyze frequency (count) data (%). Statistical significance was set at p <0.05. We used logistic regression analysis to estimate the association between pre-pregnancy BMI and adverse perinatal and neonatal outcomes. The possible confounding factors included maternal age, parity, mode of delivery, the rate of GWG and sex of the fetus. Because maternal age may be an intermediate factor between the pregnant women’s weight and various adverse outcomes, we further stratified the analysis according to maternal age. The association between different pre-pregnancy BMI and adverse outcomes was compared in each layer, and the multiplicative interaction model was used to verify the effect modification. Data analysis was performed using IBM SPSS Statistics for Windows, Version 26.0 (Armonk, NY: IBM Corp).




Results

In total, 3043 pregnant women receiving ART treatment were included in the study. The proportions of those aged ≤24 years, 25-29 years, 30-34 years, and ≥35 years were 19 (0.62%), 433 (14.23%), 1485 (48.80%), and 1106 (36.35%), respectively. The proportions of those with pre-pregnancy BMI <18.5 kg/m2, 18.5-23 kg/m2, 23-27.5 kg/m2, and ≥27.5 kg/m2 were 267 (8.77%), 1765 (58.00%), 834 (27.41%), and 177 (5.82%), respectively. There was no statistically significant difference in the history of premature delivery, primiparity, or multiparity among women across different BMI categories; however, the cesarean section rates in women with pre-pregnancy overweight and obesity were higher at 60.70% and 63.84%, respectively. The vaginal delivery rate of women who were underweight before pregnancy was high (43.07%), and the difference was statistically significant. Compared with the pregnant women with normal weight before pregnancy, the rate of GWG in the overweight and obese groups were 0.33 ± 0.14 and 0.27 ± 0.14 kilograms respectively, and the difference was also statistically significant. The basic characteristics of the women included in this study are shown in Table 1.


Table 1 | Basic characteristics of the study population by pre-pregnancy BMI.



In the analysis of the relationship between pre-pregnancy BMI and different perinatal complications, we found that the risk of gestational diabetes mellitus, gestational hypertension and preeclampsia in women who had pre-pregnancy overweight and obesity was significantly higher than that in women with normal BMI, and the difference was statistically significant (P <0.05). Regarding other complications, such as premature delivery, premature rupture of membranes, hydramnios, oligohydramnios, intrahepatic cholestasis of pregnancy, positive vaginal group B streptococcus infection, thyroid diseases during pregnancy, placenta-related diseases, umbilical cord-related abnormalities, and postpartum hemorrhage, no statistical difference was found (Table 2).


Table 2 | Associations between pre-pregnancy BMI and perinatal complications in women who conceived singleton pregnancies through ART.



In the analysis of the relationship between pre-pregnancy BMI and adverse outcomes in singleton newborns conceived through ART, we found that, compared with pregnant women with normal BMI (5.43%), women who had pre-pregnancy overweight (7.58%) and obesity (13.33%) were more likely to have infants with macrosomia, while women with pre-pregnancy underweight were less likely to have infants with macrosomia (1.72%). Moreover, we also found that the risk of LBW in women with pre-pregnancy obesity was higher than that in pregnant women with normal weight (4.55% vs. 8.67%), and the differences were statistically significant. Regarding other complications, such as fetal distress, gender of newborn, and Apgar score at one minute ≤ 7, no statistical difference was found (Table 3).


Table 3 | Associations between pre-pregnancy BMI and outcomes of singleton newborns after ART.



Regarding the perinatal outcome of singleton pregnancy following ART, regardless of whether confounding factors were, the incidence of cesarean section, gestational diabetes mellitus, gestational hypertension and preeclampsia was higher in women with pre-pregnancy overweight and obesity. Regarding LBW and macrosomia, after adjusting for maternal age, primipara or multipara, mode of delivery, the rate of GWG and newborn sex, it was found that women with pre-pregnancy obesity were more likely to have infants with macrosomia, and the adjusted odds ratios (ORs) and 95% confidence interval (CI) were 3.004 (1.693-5.330) (Table 4).


Table 4 | Crude and adjusted OR (95% CI) for the associations between pre-pregnancy BMI and unfavorable outcomes.



We stratified the pregnant women according to their age and analyzed the risk of adverse outcomes among the women and their infants by age and pre-pregnancy BMI. Because there were only 19 pregnant women aged ≤24 years, we did not study their adverse outcomes and those of their newborns. Finally, we found that women with pre-pregnancy obesity (BMI ≥27.5) were more likely to have gestational hypertension and preeclampsia, regardless of their age. We also found that those with pre-pregnancy overweight and obesity aged ≥35 years were more likely to have infants with macrosomia (Table 5). In terms of effect modification, we estimated the association between different pre-pregnancy BMI and adverse outcomes according to the age, and added cross-product of age and pre-pregnancy BMI into the model. We found that in the analysis of cesarean section, gestational diabetes mellitus, LBW, macrosomia, gestational hypertension and preeclampsia, the P values of the interaction between pre-pregnancy BMI and maternal age were 0.735, 0.694, 0.207, 0.526 and 0.329, respectively, suggesting that there was no effect modification between pre-pregnancy BMI and age.


Table 5 | Adjusted OR (95% CI) for the associations between pre-pregnancy BMI and unfavorable outcomes by maternal age.





Discussion

In this cohort study, 27.41% and 5.82% of women who had singleton pregnancies following ART were overweight and obese, respectively. Our research results showed that women with pre-pregnancy overweight or obesity were more likely to have a cesarean section (adjusted OR 1.463, 95% CI: 1.195–1.792; adjusted OR 2.233, 95% CI: 1.465–3.405), gestational diabetes mellitus (adjusted OR 1.633, 95% CI: 1.295–2.059; adjusted OR 2.004, 95% CI: 1.336–3.006), gestational hypertension, and preeclampsia (adjusted OR 2.289, 95% CI: 1.709–3.066; adjusted OR 4.365, 95% CI: 2.775–6.866). Moreover, those with pre-pregnancy obesity were more likely to give birth to infants with macrosomia in three different age groups; the ORs and 95% CIs were 5.526(1.144-26.700), 2.245(1.064-4.736), and 3.801 (1.171-12.344), respectively, after adjusting for confounding factors.

At present, only a few studies have been carried out on the relationship between maternal pre-pregnancy BMI and perinatal and neonatal outcomes in singleton pregnancies following ART in China. The results of this study show that women with overweight or obesity before conceiving singleton pregnancies through ART were more likely to have a cesarean section, gestational diabetes mellitus, gestational hypertension and preeclampsia. In addition, women with pre-pregnancy obesity were more likely to give birth to infants with macrosomia. A study in China also showed that obesity was associated with an increased risk of macrosomia in ART singleton pregnancies (22). Other studies have shown increased risks of gestational hypertension, preeclampsia, gestational diabetes, and cesarean section in overweight or obese women who conceived through IVF (23–25), which is consistent with our research results. In addition, some studies reported that ART is related to complications such as intrahepatic cholestasis of pregnancy and placental abruption (10). With regard to the outcomes of newborns, some studies have reported that newborns who were conceived through ART were more likely to have macrosomia, especially frozen embryo transfer (26, 27). A previous meta-analysis showed that having a high pre-pregnancy BMI value was more likely to cause macrosomia (2). Our study combines two factors—ART and pre-pregnancy BMI—simultaneously, and showed that women with obesity before conceiving singleton pregnancies through ART were more likely to give birth to infants with macrosomia, which is consistent with findings from previous studies.

Previous studies have shown that maternal age is closely related to adverse pregnancy outcomes, including gestational diabetes mellitus, preeclampsia, premature delivery, placenta previa, LBW, as well as live birth rate (28, 29). A study in Spain also showed that maternal age was associated with a high risk of cesarean section, placenta previa, and gestational diabetes (30). In this study, a stratified analysis of the mothers’ age revealed that women with pre-pregnancy obesity aged ≥35 years were more likely to give birth to infants with macrosomia. It was also found that, regardless of age, women who were pre-pregnancy obesity were at risk of gestational hypertension and preeclampsia. The results suggest that advanced female age is associated with adverse perinatal and neonatal outcomes. In the multiplicative interaction model to verify the effect modification, the P value of the interaction was >0.05, suggesting that there was no effect modification between pre-pregnancy BMI and age.

The physiological mechanism of the effect of pre-pregnancy overweight or obesity on the adverse outcomes of singleton pregnancies following ART is unclear. Obesity can affect the reproductive function of women. A study in the United States showed that, when using autologous oocytes, the higher the BMI of women, the higher the failure rate of intrauterine pregnancy; however, when using donor oocytes, there was no difference in intrauterine pregnancy rate (31), indicating that obesity has adverse effects on oocytes, which also explains why many women with obesity can only get pregnant through ART. One of the most important characteristics of obesity is insulin resistance and hyperinsulinemia. Studies have shown that the systemic inflammatory state and insulin resistance of obese patients are related to the pathogenesis of preeclampsia and gestational diabetes mellitus (32, 33). Fredrik Ahlsson et al. reported that macrosomia is related to the degree of insulin resistance and maternal fat mass; therefore, women with pre-pregnancy obesity are more likely to give birth to infants with macrosomia (34). The cesarean section rate in obese women was higher than that in women with normal weight. Some studies have suggested that the force and frequency of uterine myometrium traction in obese women are smaller; therefore, the incidence of cesarean section is higher (35). The increase in cesarean section rate in pregnancies conceived through ART compared with naturally conceived pregnancies may be due to the high rate of perinatal complications in the former and because the newborns conceived through ART are considered “precious babies”; hence, pregnant women and their families believe that delivery through cesarean section may be smoother. According to a Belgian study, it is an important non-medical factor that the doctors agreed that women who conceived through ART should undergo a cesarean section delivery (36). Studies have suggested the complications in ART conceived singleton pregnancies may be related to drug use (such as hormones) and the ART procedure. Further studies should be carried out regarding the ovarian stimulation regimen, endometrial status of patients, embryo quality, embryo culture time, embryo cryopreservation, and the mechanism of embryo epigenetic modification (37).

The advantages of our study are as follows: the research content is more comprehensive than that of previous studies. Second, the conclusions of our study have a certain guiding role for clinical practice, that is, it is important for women with obesity to reduce weight appropriately before undergoing ART treatment. Moreover, we used the BMI classification for Asians in this study, which is more appropriate for Chinese populations. Our study also had some limitations. First, this was a retrospective study. The pregnant women’s height and pre-pregnancy weight were self-reported, which may have led to a slight overestimation or underestimation of the risks associated with the two measures. Second, we did not consider the causes of infertility in women who conceived through ART to exclude the impact of infertility causes in this study. Third, when stratified by age, the proportion of women aged ≤24 years old was small; therefore, the relationship between this age group and different perinatal outcomes and neonatal outcomes was not studied. In addition, we did not classify ART to further investigate the impact of different types of ART on adverse outcomes, such as fresh embryo transfer or frozen embryo transfer, because some studies think that frozen embryo transfer may increase the risk of macrosomia and large for gestational age (26, 27). 



Conclusion

In summary, our results suggested that women who had overweight or obesity before conceiving singleton pregnancies through ART were more likely to have a cesarean section, gestational diabetes, gestational hypertension, and preeclampsia. Pregnant women with pre-pregnancy obesity were more likely to give birth to infants with macrosomia. Therefore, it is important to educate women about weight loss before ART.
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