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Objectives: To investigate the impact of gestational weight gain (GWG) on the body mass index-for-age z score (BAZ) and obesity risk among twin offspring.

Methods: This study included 263 women who were pregnant with twins and their offspring. Maternal GWG was measured in each trimester, and infant weight and length were measured at 6, 12, and 24 months.

Results: Total GWG was positively correlated with offspring birthweight and BAZ at 6, 12 and 24 months [adjusted β 0.013 (95% CI: 0.008–0.019), 0.028 (95% CI: 0.005–0.050), 0.033 (95% CI: 0.010–0.056) and 0.025 (95% CI: 0.004–0.047), respectively]. Excessive total GWG was related to an increased relative risk (RR) of large for gestational age (LGA) and overweight at 6 and 12 months. Only the second trimester gestational weight gain rate (GWGR) was positively correlated with birthweight (adjusted β 0.380, 95% CI: 0.256–0.504), and RRs of 6.818 (95% CI: 1.568–29.642) and 2.852 (95% CI: 1.466–5.548) were found for LGA and overweight at 12 months, respectively.

Conclusions: Total GWG and the second trimester GWGR were correlated with BAZ and overweight/obesity risk in twin offspring; the impact was obvious in the first year of life and gradually disappeared over time.

Clinical trial registration: ChiCTR-OOC-16008203, Registered on 1 April 2016 at the Chinese Clinical Trial Registry.
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Introduction

Overweight and obesity in children have become increasingly common in recent years (1) and are serious public health issues. In the United States, 23.6% of children and teenagers aged 2–19 years were obese in 2013–2016 (2). According to the latest survey, the prevalence of overweight or obesity was 10.4% among children under 6 years old and 19% among children and adolescents aged 6–17 years in China in 2015–2019 (3). In 2019, ~38 million (6%) of children under 5 years old were overweight or obese globally (4). Childhood obesity is linked to a high risk of a number of health problems later in life, such as predispositions to diabetes mellitus (5), hypertension (6), dyslipidemia (7), and other metabolic diseases (8).

According to the “Developmental Origins of Health and Diseases” theory, intrauterine environmental factors and early life nutrition conditions impact the long-term health of offspring (9). As reported previously, maternal gestational weight gain (GWG), maternal prepregnancy body mass index (pBMI) (10), smoking during pregnancy (11), gestational diabetes mellitus (GDM) (12), milk feeding patterns (13) and adverse childhood experiences (14) have an impact on childhood obesity. Among these factors, GWG, which is a key component of health care during pregnancy, is a significant indicator of the nutritional status in pregnant women. Previous studies have shown that both excessive and inadequate GWG are related to adverse maternal and neonatal outcomes and that excessive GWG is related to childhood overweight in singleton pregnancies (15–19). However, there have been few studies on the correlations between GWG in twin-pregnant women and childhood obesity in twin offspring.

Twin pregnancies have become more prevalent in many countries, partly owing to the increasing maternal age at conception and advances in assisted reproductive technology (ART) (20). Twin fetuses share genetic and intrauterine environments, which makes twin pregnancies a desirable model for evaluating the complex interaction between genetics and the environment (21). In addition, twin offspring are likely to have a preterm birth and low birth weight, which are risk factors for postnatal catch-up growth and excessive weight gain. Therefore, further studies on maternal GWG and offspring growth in twin pregnancies are necessary. In the present study, we investigated the correlations of GWG in each trimester with offspring body mass index (BMI) and early-childhood overweight risk in twin pregnancies from birth to 2 years of age using a longitudinal twin birth cohort.



Materials and methods


Recruitment of subjects

This current study was embedded in the Longitudinal Twin Study (LoTiS), which was established in Chongqing, China, in January 2016 (Trial registration Number: ChiCTR-OOC-16008203) (22). Pregnant women at 11–16 weeks of gestation with twins were recruited for the LoTiS at the First Affiliated Hospital of Chongqing Medical University or the Chongqing Health Center for Women and Children. Subsequent follow-ups were conducted in the second and third trimesters and at delivery, and twin offspring were examined at 6 weeks and at 3, 6, 12, 18, 24, 30, and 36 months of age. The detailed protocol was described previously (23). The Ethics Committee of the First Affiliated Hospital of Chongqing Medical University examined and approved this study (No. 201530). Informed written consent was collected from all participants. A total of 333 LoTiS mother-twin pairs were initially enrolled in the current study. After excluding subjects complicated with severe fetal complications, such as selective intrauterine growth restriction, twin-to-twin transfusion syndrome (n = 45), severe congenital malformations of one or both fetuses (n = 5), and incomplete GWG records for each trimester (n = 20), the final analytic sample included 263 mother-twin pairs. The overall follow-up flow chart is illustrated in Figure 1.
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FIGURE 1
 Flowchart showing the selection of twin pairs included in the final analysis of child growth trajectories.




Data collection

At recruitment, a face-to-face questionnaire interview was used to obtain maternal sociodemographic data, including age, prepregnancy weight, height, educational level, occupation, obstetric history, lifestyle behaviors (smoking, alcohol use), and mode of conception (ART or spontaneous). Maternal pBMI was calculated by prepregnancy weight and height. Chorionicity of a twin pregnancy was identified in the first trimester and confirmed after delivery by placental examination. DNA extracted from umbilical cord blood was used to identify the zygosity of a twin pair by short tandem repeat polymerase chain reaction.

Perinatal outcomes, including pregnancy complications, gestational age at delivery, delivery mode, infant sex, birth weight and length, were derived from medical records. Large for gestational age (LGA) was defined as weight over the 90th percentile for gestational age and sex, according to a Chinese twin population standard (24).

Information about milk feeding patterns in the first 6 months was obtained by interviewing caregivers at the children's follow-up at 6 months.



Maternal GWG and specific trimester GWGRs

For women who are pregnant with twins, prenatal examination is recommended every 2 or 3 weeks, so we were able to obtain detailed information about GWG. Prepregnancy weight was self-reported by the women at recruitment, and weight was measured by obstetric staff at each prenatal examination until delivery. We collected data on maternal weight at 12 and 28 gestational weeks and prior to delivery from medical records. If a woman had no available weight measurement at 12 or 28 gestational weeks, we adopted linear interpolation between two neighboring weight timepoints to assess the weight for that week. The maternal weight prior to delivery minus the prepregnancy weight was used to calculate total gestational weight gain (TGWG). Specific trimester GWG was obtained as follows: for the first trimester, weight at 12 gestational weeks minus prepregnancy weight; for the second trimester, weight at 28 gestational weeks minus weight at 12 gestational weeks; and for the third trimester, weight before delivery minus weight at 28 gestational weeks. The specific trimester gestational weight gain rate (GWGR) (kilograms per week) was calculated as the specific trimester GWG divided by the corresponding gestational week duration.

The GWG guideline for twin pregnancies implemented in this study was that of the US Institute of Medicine guidelines revised in 2009 (25), whereas there was no definition of specific trimester GWG. Maternal GWG was discovered to be minimal in the first trimester; thus, we classified a GWGR of <0, 0–0.083, and >0.083 kg/wk in the first trimester of pregnancy as inadequate, adequate and excessive, respectively, based on the GWGR distribution in our study population without considering the pBMI. The 75th percentile of the GWGR in the first trimester of pregnancy was 0.083 kg/wk in our study. Moreover, we presumed that the term length for a twin pregnancy was 37 gestational weeks; therefore, for each BMI category, the second- and third-trimester GWGRs were calculated as follows: (IOM recommended total GWG-1)/(37 weeks-12 weeks) (26). Based on China's BMI standard and the IOM guidelines, which have no recommendation for women who are pregnant with twins and were underweight before pregnancy, we classified GWG as inadequate, adequate, and excessive if it was below, within, or above the following recommendations: 16.8–24.5 kg (if pBMI < 24 kg/m2), 14.1–22.7 kg (if 24 ≤ pBMI < 28 kg/m2) and 11.4–19.1 kg (if pBMI ≥ 28 kg/m2). In addition, we classified the GWGR in the second and third trimesters of pregnancy as inadequate, adequate, and excessive if it was below, within, or above the following recommendations: 0.63–0.94 kg/wk (pBMI < 24 kg/m2), 0.52–0.87 kg/wk (24 kg/m2 ≤ pBMI < 28 kg/m2) and 0.42–0.72 kg/wk (pBMI ≥ 28 kg/m2).



Offspring anthropometric assessments

The birth weight and length were measured for all newborns within 1 h of delivery by uniformly trained nurses, and we acquired this information from medical records. At 6 weeks and at 3, 6, and 12 months of corrected age and 18, 24, 30, and 36 months of chronological age, infant weight and length were measured. The corrected age was defined as follows: chronological age (weeks)—(40 weeks- gestational age at birth). Anthropometric data surrounding the indicated time (±7 days) were obtained by professional nurses at the Department of Child Health Care of Chongqing Health Center for Women and Children. The infants were measured with a standing measuring meter or using a digital measuring bed while wearing light clothes and without shoes; the weight and length/height measurements were accurate to within 0.1 kg and 0.1 cm, respectively. Based on the World Health Organization (WHO) Child Growth Standards software (https://www.who.int/childgrowth/software/en/), the BMI of the offspring at each time point was calculated and transformed to z scores for sex and age. A BMI-for-age z score (BAZ) ≥1.035 was used to classify children with overweight/obesity (27). In the current study, anthropometric data at 6, 12, and 24 months were used.



Statistical analysis

Demographic characteristics and trimester GWGR information were compared according to maternal pBMI status. Continuous data are presented as the means (standard deviations) and were assessed with one-way analysis of variance. Categorical data are presented as frequencies (percentages) and were assessed with the chi-square test or Fisher's exact test. We estimated the linear effect between total GWG or trimester GWGRs and age-specific BAZ by using a generalized estimation equation (GEE) model and the non-linear effect by using a restricted cubic spline (RCS) linear regression model. The GEE model is a regression method that extends the generalized linear model to adjust for the correlation between a set of twins, which is commonly used in twin studies (28–30). The 5, 35, 65, and 95th percentiles of the distribution of specific trimester GWGRs were used in the RCS model. Moreover, we categorized the total GWG and trimester GWGRs into inadequate, adequate, and excessive, and the correlations between the total GWG and specific trimester GWGR categories (with the adequate group as the reference) and the incidence of LGA and childhood overweight were analyzed by using the GEE model. In addition, a subgroup analysis was conducted to observed the modification effect of maternal pBMI on the associations between GWGR and birthweight, age-specific BAZ. The adjusted potential confounders included maternal age, pBMI, education level, chorionicity, mode of conception, parity, smoking before pregnancy, GDM, gestational age at delivery, neonatal sex, birthweight, and milk feeding patterns within 6 months. The effects of all GEE models are presented as beta coefficients or relative risks (RRs), along with their 95% confidence intervals (CIs).

All statistical analyses were conducted in Stata 15.0 (StataCorp, College Station, TX, USA).




Results


Basic characteristics

The basic characteristics of the twin-pregnant women and their offspring are shown in Table 1. In our study population, the majority of the participants were mothers who were primiparous, were highly educated, had spontaneous conception, and had a cesarean section (73.8, 72.6, 60.1, and 98.9%, respectively). Over half of the mothers had dichorionic twin pregnancies. At delivery, the average gestational age was 36.49 weeks. Based on their pBMI, 30 (11.4%) women were classified as mothers who were underweight, 176 (66.9%) were classified as mothers who were normal weight, and 57 (21.7%) were classified as mothers who were overweight. The average maternal age tended to be younger in women who were underweight and older in women who were overweight (P = 0.001). Although there was no notable difference (P = 0.051), the incidence of GDM was lowest in women who were underweight and highest in mothers who were overweight. Other baseline information showed no differences among the three groups. Regarding twin offspring, 56.1% of the newborns were boys, the average birthweight was 2.53 kg, and the average birth length was 46.22 cm. The average birth weight, birth length and incidence of LGA were highest among the neonates born to overweight mothers (all P < 0.05). There were no differences between the groups in the BAZ and milk feeding patterns within 6 months. Due to the unavoidable loss to follow-up, the follow-up numbers of infants were 469 at 6 months, 431 at 12 months and 397 at 24 months.


TABLE 1 Basic characteristics of the study population by maternal pre-pregnancy weight status.
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We compared the demographic and clinical characteristics between the included participants and initially enrolled participants, and the results showed that the characteristics were not different (Supplementary Table 1).



GWGR characteristics

The details of the total GWG and the specific trimester GWGR are depicted in Supplementary Table 2. Mothers who were underweight had the highest average total GWG, whereas those who were overweight had the lowest. In the first, second, and third trimesters, the average GWGR was 0.08, 0.69, and 0.70 kg/wk, respectively.

In the first trimester, according to the GWGR distribution, 40.7% of the pregnant women had an inadequate GWGR (≤ 0 kg/wk), 45.3% had an adequate GWGR (0–0.25 kg/wk), and 14.1% had an excessive GWGR (≥0.25 kg/wk). In the second trimester, 41.4, 48.3, and 10.3% of the study group had inadequate, adequate, and excessive GWGRs, respectively. No differences were found between the groups in the distribution of the first two trimester GWGRs. In the third trimester, 35.7, 42.2, and 22.1% of the study group had inadequate, adequate, and excessive GWGRs, respectively. The percentage of inadequate GWGRs was lowest in women who were overweight in the third trimester (P = 0.007).



GWG and offspring birthweight and age-specific BAZ

The univariate and multiple regression analyses of the relationship between total GWG and offspring birthweight and BAZ at 6, 12, and 24 months are summarized in Table 2. In an unadjusted model, total GWG was positively correlated with offspring birthweight and BAZ at 6, 12, and 24 months. After adjusting for maternal age, pBMI, parity, education level, smoking before pregnancy, GDM, gestational age, mode of conception, chorionicity and milk feeding patterns within 6 months, the positive associations were still significant between total GWG and birthweight and BAZ at 6, 12, and 24 months [adjusted β 0.013 (95% CI: 0.008–0.019), 0.028 (95% CI: 0.005–0.050), 0.033 (95% CI: 0.010–0.056) and 0.025 (95% CI: 0.004–0.047), respectively).


TABLE 2 Unadjusted and adjusted correlations between total gestational weight gain and birthweight and age-specific BAZ.
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GWG and risk of LGA and early childhood overweight

Before we analyzed the impact of GWG on childhood overweight, we assessed the concordance rate of the growth patterns in twin offspring. The concordance rate of both infants being normal or overweight was higher in monozygotic (MZ) twins than in dizygotic (DZ) twins, and the concordance rate increased with age in both MZ and DZ twins (Supplementary Table 3).

The univariate and multiple logistic regression analyses of the correlation of total GWG categories with the risk of LGA and childhood overweight are shown in Table 3. After adjusting for possible confounders, excessive GWG was correlated with increased RRs of 5.947 [95% confidence interval (CI): 1.820, 25.678], 2.069 (95% CI: 1.290, 3.318) and 3.964 (95% CI: 1.949–15.190) for LGA at birth and overweight at 6 and 12 months, respectively, when compared to the reference group.


TABLE 3 Unadjusted and adjusted correlations between total gestational weight gain and LGA and age-specific overweight.
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GWGR and offspring birthweight/BAZ

To investigate which GWG period had a key impact on offspring growth, correlations between trimester GWGRs and birthweight and childhood BAZ were determined. The results indicated that only the second trimester GWGR was positively correlated with offspring birthweight (Table 4). The mean birthweight increased by 0.38 kg when the second trimester GWGR increased by 1 kg/wk (95% CI: 0.256–0.504) after controlling for potential confounders. In addition, we detected whether non-linear effects existed between specific trimester GWGRs and offspring birthweight or childhood BAZ. Data pooling showed estimations and 95% CIs for the GWGR in different trimesters with birthweight and BAZ at 6, 12, and 24 months by RCS linear regression models among the total population; potential non-linear correlations of the second trimester GWGR with offspring BAZ at 6 and 12 months; and potential non-linear correlations of the third trimester GWGR with offspring birthweight (Supplementary Figures 1–3).


TABLE 4 Unadjusted and adjusted correlations between trimester GWGRs and birthweight and age-specific BAZ.
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In the subgroup analyses, this positive correlation remained evident in mothers who were underweight (β 0.723, 95% CI: 0.335–1.111), normal weight (β 0.256, 95% CI: 0.102–0.409) and overweight (β 0.550, 95% CI: 0.334–0.766) (Supplementary Figure 4). In addition, the third trimester GWGR was found to be positively correlated with BAZ at 6 months (β 0.767, 95% CI: 0.154–1.381), 12 months (β 0.946, 95% CI: 0.231–1.660) and 24 months (β 0.893, 95% CI: 0.118–1.668) only among overweight mothers.



GWGR and risk of LGA and early childhood overweight

The correlations of unadjusted and adjusted RRs for LGA and overweight at 6, 12, and 24 months with excessive or inadequate trimester GWGRs are depicted in Table 5. In the general population, excessive GWGR only in the second trimester was correlated with an increased RR of 6.818 (95% CI: 1.568–29.642) and 2.852 (95% CI: 1.466–5.548) for LGA and overweight at 12 months, respectively, after controlling for confounding factors. There were no differences between inadequate trimester GWGRs and LGA or overweight at 6, 12, and 24 months.


TABLE 5 Unadjusted and adjusted correlations between excessive or inadequate trimester GWGR and LGA and age-specific overweight.
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Discussion

In this study, we examined the relationship between total GWG and offspring growth in twin pregnancies, and the results demonstrated that increased total GWG was related to higher offspring birthweight and BAZ in the first 2 years. Excessive total GWG was correlated with a higher risk of overweight at 6 and 12 months. Second, we investigated the impact of the GWGR in each trimester on twin offspring growth, and the results illustrated that only the second trimester GWGR was positively associated with offspring birthweight. Moreover, an excessive GWGR only in the second trimester was correlated with a higher risk of overweight at 12 months.

Previous twin studies have reported that genetic factors have a significant influence on BMI at all ages based on a twin model (31), but early life factors may have a stronger effect than genetic factors on childhood obesity (32). The environmental factors shared by cotwins had a noticeable effect in infancy and early childhood, but this effect was less pronounced after mid-childhood and disappeared by adulthood (33), which may mirror the growing independence of children from their parents and family environment, leading to more individualistic exercise and eating behaviors (34). In this study, we found that the concordance rate of the growth pattern in twins was higher with increasing age, suggesting that early life factors played an important role in childhood growth and development.

Recent studies have indicated that maternal GWG is correlated with offspring growth. Xie et al. discovered a significantly positive relationship between GWG and high neonatal birthweight among a Southwest Chinese population (35). A positive relationship between maternal total GWG and childhood BMI was found among different populations at different ages (10, 36). Zhang et al. reported that excessive GWG, only in the first trimester, was related to a higher risk of overweight or obesity in offspring at 12 months (37). Likewise, Diesel et al. found that excessive total GWG was related to more than double the risk of childhood obesity at 3 years old compared with no overall excessive GWG in the U.S. (38). Bodnar et al. found that higher gestational weight gain in twin pregnancies was positively associated with the risk of excess postpartum weight increase and childhood overweight/obesity in a nationally representative U.S. birth cohort (39). Our findings are in accordance with previous studies that suggested an association of higher total GWG with increased offspring BAZ at 6, 12, and 24 months and with increased RR for LGA and overweight at 6 and 12 months. A possible hypothesis is that higher GWG indicates excess nutrients in utero, thus exposing the fetus to excessive levels of fatty acids and glucose, which may increase fetal insulin production and consequently result in increased adiposity (40), although it might be beneficial for age-dependent decline brain health (41).

Since maternal weight gain is not uniform throughout gestation, therefore, some researchers have concentrated on specific trimester GWG and offspring growth. Previous studies of the effect of trimester GWG and offspring growth have been inconsistent. In singletons, a study by Xiong et al. suggested that an excessive GWGR in each trimester was positively related to offspring BAZ and the risk of overweight or obesity in early childhood (19). Hivert et al. concluded that a higher GWGR in each trimester of pregnancy was related to higher birthweight, whereas only a higher GWGR in the first two trimesters was related to increased BAZ and risk of obesity in mid-childhood, and the findings were inconsistent among mothers in different BMI categories (17). Pugh et al. found that an excessive GWGR in the second and third trimesters increased the risk of LGA in offspring (42). A previous study in twin pregnancies reported that only the second trimester GWG was related to fetal growth, driven by a correlation with abdominal circumference in the early second trimester and long bones in the late second trimester (43). Our findings suggested that, overall, only the second trimester GWGR was positively related to infant birthweight and was correlated with a higher risk of LGA and overweight at 12 months in twins, which was consistent with our previous research reporting that second trimester GWG was positively related to offspring birthweight among dichorionic twin pregnancies (44). This finding could be comforting to women who have a sufficient prepregnancy nutritional status but restricted weight gain in the first trimester because of increased vomiting and nausea symptoms, which are common in twin pregnancies (45). A biological explanation for this phenomenon is that the second trimester is the most critical stage for organogenesis, including the growth of the heart, liver, muscles and bones (17). The development of fetal adipose tissue also begins around the same time, with the first “fat lobules” appearing between 14 and 24 weeks of gestation, when nutritional, hormonal, and epigenetic signals can be affected by the mother and may lead to permanent alterations in the adipose tissue of offspring (46). Thus, the second trimester GWG may promote the growth of both organs and adipose tissue, supporting our observations related to offspring BAZ and obesity. In the third trimester, a number of complicating factors, such as intrauterine environment or placental insufficiency, may limit fetal growth in twin pregnancies, attenuating the correlation of GWG with fetal growth (47).

Since women who are pregnant with twins and have inadequate GWG are prone to preterm delivery, their offspring are prone to low birthweight and are more likely to undergo catch-up growth after birth, which can also lead to overweight later in life (48). In the present study, the proportion of preterm infants was high, and the birthweight of the infants was low. Given that infants with either low or high birthweight can be overweight in childhood, the long-term impacts of birthweight exhibit a U-shaped curve (49). Thus, we conducted an association analysis between inadequate GWG and childhood overweight and found no associations, indicating that overweight or obesity in preterm infants may be caused by other factors and warrants further study.

The strengths of this study warrant discussion. To our knowledge, this was the first study on the correlations of trimester GWGRs with offspring growth from birth to 2 years of age by using a longitudinal twin pregnancy birth cohort. Additionally, a stratified analysis was used to assess the relationship between GWG/GWGRs and birthweight/BAZ at different pBMI levels, making the study more reliable, accurate and comprehensive. Furthermore, our study converted weight, height and BMI into z scores based on the WHO growth criteria, which is a commonly used reference standard in China.

However, several limitations need to be noted. First, the participants were asked to recall their prepregnancy height and weight, which could lead to recall bias, although previous studies have revealed that the error has a minor effect on the reported associations and conclusions (50, 51). Second, there may be residual confounders, which we did not consider in this analysis. Finally, we only followed up the offspring growth to 2 years of age, and the long-term impacts of GWG are unknown. Therefore, LoTiS will continue to monitor the growth and development of twins and further elucidate the impact of GWG on growth in twins.



Conclusion

In conclusion, the impact of total GWG on BMI and the risk of obesity for offspring was obvious in the first year of life and gradually disappeared as the twin infants grew older. Additionally, only the second trimester GWGR was correlated with offspring birthweight and the risk of early-childhood obesity in twins. The findings may motivate further study to investigate the guidelines of GWG/GWGRs for twin-pregnant women of diverse ethnicities as well as the development of intervention strategies aimed at controlling the rapidly rising prevalence of childhood obesity.
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Maternal pre-pregnancy weight status

Variable Total Underweight Normal weight Overweight P-value
N =263 n=30 n=176 n=57
Mothers Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Age(y) 2935 (3.88) 27.37 (3.45) 29.29(3.80) 30.56 (3.94) 0.001%
Prepregnancy BMI (kg/m?) 21.82(3.09) 1754 (075) 2112(154) 26.24(2.38) <0.001%
Prepregnancy weight (kg) 55.25 (8.55) 4.92(321) 53.39 (5.10) 66.46 (7.73) <0.001%
Gestational age (wks) 36.49 (1.53) 36.68 (1.63) 36.41 (1.55) 36.63 (1.40) 0.489°
n (%) n (%) n (%) (%)
Age (y) 0,054
<25 27(103) 7(23.3) 1797 3(5.3)
25-29 116 (44.1) 15 (50.0) 80 (45.4) 21(36.8)
30-34 92 (34.9) 7(233) 61(34.7) 24(42.1)
235 28(107) 13.3) 18 (10.2) 9(158)
Parity 0.368°
Primiparous 194 (73.8) 22(733) 134 (76.1) 38(66.7)
Multiparous 69 (26.2) 8(26.7) 42(23.9) 19(33.3)
Maternal education level 0971°
<Senior high school 72(27.4) 8(267) 49(27.8) 15(26.3)
>Senior high school 191 (72.6) 22(733) 127 (722) 42(73.7)
Smoked before pregnancy 1.000°
Yes 22 (8.4) 2(67) 15(85) 5(88)
No 241(91.6) 28.(933) 161 (91.5) 52(91.2)
Mode of conception 0.288°
Spontaneous 158 (60.1) 22(733) 103 (58.5) 33(57.9)
ART 105 (39.9) 8(26.7) 73 (41.5) 24 (42.1)
Chorionicity 0754
MC 102 (38.8) 11(36.7) 71(403) 20(35.1)
DC 161 (61.2) 19(633) 105 (59.7) 37(64.9)
GDM 0.051°
Yes 80 (30.4) 4(133) 54(30.7) 22(38.6)
No 183 (69.6) 26(86.7) 122 (69.3) 35(61.4)
Delivery mode 0.409°
Spontaneous vaginal delivery 3(11) 1(3.3) 2(11) 0(0.0)
Cesarean section 260 (98.9) 29(96.7) 174 (98.9) 57 (100.0)
Infants n=52 n=60 n=352 n=114
Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Birth weight (kg) 2.53 £ 040 252£039 249 %039 2.64£ 040 0.002%
Birth length (cm) 46224223 46.36 % 1.97 46.05£2.30 46.68%2.09 0.029*
Childhood BAZ
6 months * 0.39+0.94 033098 0.37 £0.96 0.51£0.83 0.395%
12 months ® 013£092 —0.18£0.94 0132093 0254088 0.254%
24 months © 005083 —0.080.70 0.04:£084 0.13£085 0431
n (%) n (%) n (%) n(%)
Sex 0918
Male 295 (56.1) 34(56.7) 199(56.5) 62 (54.4)
Female 231 (439) 26(43.3) 153 43.5) 52 (45.6)
LGA atbirth 0,003
Yes 16 (3.0) 2(33) 5(1.4) 9(79)
No 510 (97.0) 58 (96.7) 347 (98.6) 105 (92.1)
Milk feeding pattern within 0576
6 months
Exclusively breastfed 82(17.5) 7(125) 58 (18.0) 17(18.9)
Exclusively formula fed 211 45.0) 26 (46.4) 150 (46.4) 35.(389)
Mixed feedings 176 (37.5) 23(41.1) 115 (35.6) 38 (42.2)

horioni

ART, assisted reproductive technology; BAZ, body mass index-for-age 7 score; DC
LGA, large for gestational a
< 39

BMI body mass index; GDM, gestational diabetes mellitus; GWG, gestational weight gair
MC, monochorionic. *P-value from one-way analysis of variance; * P-value from chi-square test; * 469 infants were assessed; * 431 infants were assess:

s were assessed.
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