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Objective: The purpose of the study was to identify the latent body mass index (BMI) z-score trajectories of children from birth to 5 years of age and evaluate their sex-specific association with prepregnant BMI and gestational weight gain (GWG).

Methods: This was a retrospective longitudinal cohort study performed in China. In total, three distinct BMI-z trajectories from birth to 5 years of age were determined for both genders using the latent class growth modeling. The logistic regression model was used to assess the associations of maternal prepregnant BMI and GWG with childhood BMI-z growth trajectories.

Results: Excessive GWG increased the risks of children falling into high-BMI-z trajectory relative to adequate GWG (OR = 2.04, 95% CI: 1.29, 3.20) in boys; girls born to mothers with prepregnancy underweight had a higher risk of low-BMI-z trajectory than girls born to mothers with prepregnancy adequate weight (OR = 1.85, 95% CI: 1.22, 2.79).

Conclusion: BMI-z growth trajectories of children from 0 to 5 years of age have population heterogeneity. Prepregnant BMI and GWG are associated with child BMI-z trajectories. It is necessary to monitor weight status before and during pregnancy to promote maternal and child health.
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1. Introduction

The high prevalence of childhood overweight or obesity is a significant public health issue (1). According to the World Health Organization reports (2), an estimated 5.7% or 38.9 million children under the age of 5 around the world were affected by overweight in 2020. The Report on the Status of Nutrition and Chronic Diseases of Chinese Residents (2020) (3) shows that the prevalence of childhood overweight or obesity was 19% among children aged 6–17 and 10.4% among children under the age of 6. Early childhood overweight or obesity is critical for lifelong health (4, 5). Most prior studies examining the associated gene and environmental determinants of childhood overweight or obesity have focused on childhood BMI at just one point in time (6–8). Compared with the developmental assessments at a single time point, longitudinal child growth trajectories comprehensively evaluate the growth and development level of children from a dynamic perspective and detect abnormal growth in a timely manner (9).

Most studies showed that childhood growth trajectories have population heterogeneity (10–12). The early childhood growth trajectories were proved to be predictive of obesity risk in later life (13), cardiometabolic risk (14, 15), and adult diabetes (16). A recent birth cohort study evaluated childhood BMI z-score trajectories from age of 2 to 18 and showed that preschool age is a critical window that could predict growth patterns during puberty (17). Therefore, it is necessary to closely monitor the early childhood growth trajectories, focusing on those at higher risk of later overweight or obesity status, and helping to target specific groups for early intervention.

Accumulating evidence has supported that prepregnant BMI and gestational weight gain (GWG) may influence childhood overweight or obesity (18–21). Most studies showed that excessive GWG might increase the risk of childhood OWOB (22–24). However, the association between inadequate GWG with childhood BMI status remains unclear (25). Furthermore, there are still gaps in our knowledge regarding the associations of prepregnant BMI and GWG with BMI growth trajectories in early childhood. Therefore, the primary aim of this study was to identify the latent BMI-z growth trajectories of children from birth to 5 years of age in different genders and evaluate their independent association with prepregnant BMI and GWG.



2. Methods


2.1. Study subjects

The present study was a retrospective longitudinal cohort study. The study was approved by the Ethics Committee of Xuzhou Maternity and Child Health Care Hospital (No.201901).

Participants were singleton offspring born at term in Xuzhou Maternity and Child Health Care Hospital between 1 January 2016 and 31 December 2016. The inclusion criteria included (1) singleton offspring born at 28–42 completed weeks of gestation; and (2) mother–child pairs with recorded information, such as maternal gestational age, education level, prepregnant BMI, GWG, delivery type, child sex, birth weight, feeding mode in 6 months, and children physical check with at least 4 height/length and weight measurement recorded at 1 year (±2 months), 2 years (±2 months), 3 years (±3 months), 4 years (±3 months), and 5 years (±3 months). Exclusion criteria included (1) offspring born with congenital disabilities or postnatal diseases that could interfere with body composition development and (2) offspring with missing covariate data. Figure 1 depicts the study cohort derivation. A total of 2,190 mother–child pairs were enrolled in this study, and written informed consent was obtained from the parents of the subjects at recruitment.
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FIGURE 1
 Study cohort derivation.


Data of mothers and children were collected retrospectively from the Jiangsu Maternal and Child Health Management Information System, including the maternal and child health information on prenatal, antenatal, and child healthcare electronic records with the standard quality control measures.



2.2. Prepregnant BMI and GWG

Height (m) and weight (kg) before pregnancy were collected at enrollment and calculated prepregnant BMI (kg/m2). BMI was calculated as weight (kg) divided by square of the length/height (m2). According to the BMI standards for Chinese adults (26), mothers were categorized as underweight with a BMI of <18.5 kg/m2, adequate weight with 18.5 kg/m2 ≤ BMI < 24.0 kg/m2, overweight with 24.0 kg/m2 ≤ BMI < 28.0 kg/m2, and obese with BMI ≥ 28.0 kg/m2. Based on their prepregnant BMI, GWG (kg) was calculated by subtracting prepregnancy weight (kg) from maternal weight at delivery (kg) and was categorized based on the standard of recommendation for weight gain during the pregnancy period (WS/T801-2022): underweight mothers (BMI < 18.5 kg/m2) who gained 11.0–16.0 kg, normal-weight mothers (18.5 kg/m2 ≤ BMI < 24.0 kg/m2) gained 8.0–14.0 kg, overweight mothers (24.0 kg/m2 ≤ BMI < 28.0 kg/m2) gained 7.0–11.0 kg, and obese mothers (BMI ≥ 28.0 kg/m2) gained 5.0–9.0 kg were categorized as adequate GWG; mothers who gained weight above or below this criterion were categorized as excessive or inadequate GWG, respectively. The BMI-z values that were more than ±5 were set to missing.



2.3. Child BMI-z

Children’s weight and length/height were measured at each annual healthcare visit by trained staff. Body weight was measured using a digital scale (measuring range: 5–150 kg, measurement resolution: 0.1 kg, and measurement accuracy: ±0.3%). Recumbent length was obtained at the first-year and second-year visits, and standing height was obtained for those 3 years or older, all to the nearest 0.1 cm. BMI z-scores (BMI-z) were generated based on the age and sex-specific BMI reference from the WHO Child Growth Standards (2006).



2.4. Confounding factors

The potential confounding factors included maternal and children information. Maternal information included household income (￥), mother’s education, prepregnancy BMI (kg/m2), age at pregnancy (years), type of delivery, and parity. In terms of children’s information, gestational age of delivery (years), infant feeding mode from birth to 6 months, and time of complementary foods introduction (months) were considered. Child birth weight was categorized as <2.5 kg, 2.5–4 kg, and ≥ 4 kg. Infant feeding mode from birth to 6 months was classified as exclusive breastfeeding (27), mixed feeding, and formula feeding. The time of complementary food introduction was classified as ≤5 months, 6 months, and ≥ 7 months.



2.5. Statistical analysis

The latent class growth modeling (LCGM) approach was used to identify the subgroups shared a similar underlying trajectory based on the children’s BMI z-scores with the Mplus 8.0. Model fit indices include Akaike’s Information Criteria (AIC), Bayesian Information Criteria (BIC) and sample size adjusted BIC (aBIC), entropy, and a value of p for bootstrapped likelihood ratio test (BLRT) and Vuong-Lo–Mendell–Rubin likelihood ratio test (VLRT). The smaller the first three indices, the better the model fitting effect. The significant value of p for BLRT and VLRT indicates that a model with k−1 class should be rejected in favor of a model with k classes. The value of entropy >0.70 and the number of subjects in each trajectory group ≥5% indicate a good model fit. The maximum likelihood robust estimator was used to account for missing data when fitting the trajectories. Three distinct BMI-z trajectories were determined for both genders using LCGM.

Prepregnant BMI and GWG were compared among latent BMI trajectory groups using the chi-square test for proportions and the ANOVA F test for means. Logistic regression models were used to examine the association of prepregnant BMI and GWG with child BMI-z growth trajectory in different genders with the adjustment for the potential confounding factors, including household income, mother’s education, age at pregnancy, type of delivery, parity, birth weight, and time of complementary food introduction. Covariate selection was based on a compulsory entry procedure and other potential confounders identified in the literature (28). Crude and adjusted odd ratios (ORs), along with 95% confidence intervals (CIs), were calculated. Data were analyzed using Statistic Product Service Solutions 23.0. All statistical tests were two-sided, and a value of p of <0.05 was considered statistically significant.




3. Results

The study population consisted of 2,190 mother–child pairs, of which 1,165 were boys and 1,025 were girls. Table 1 summarizes the maternal and child characteristics of the participants. A higher rate of exclusive breastfeeding in the first 6 months was found in girls than in boys (53.2 vs. 51.1%), and a higher proportion of girls with the time of complementary food introduction at 6 months was found (56.0 vs. 51.9%).



TABLE 1 Population characteristics of participants (N = 2,190).
[image: Table1]

The number of classes and the shape of the BMI z-scores trajectories pattern were estimated according to the data of 1,165 boys and 1,025 girls. Complete BMI-z data were available for 1,043 (89.5%) boys and 917 (89.5%) girls, and the remaining children had one missing BMI-z data. The proportions of missing BMI-z data at each time point are shown in Supplementary Table 1. We tested from one to four possible trajectory classes. Considering the model fit indices, the three-class model was identified as the optimal model for both boys and girls. Supplementary Table 2 shows the fit statistics for the trajectory classes estimated.

Boys and girls shared similar patterns of growth trajectories but differed in their proportions. For the three latent trajectories, boys were more likely to have stable and moderate growth trajectories than girls. According to the relative position of the estimated three trajectories and combining professional significance, Class 1 was named as “moderate-BMI-z” (69.5% for boys and 63.9% for girls), Class 2 as “high-BMI-z” (11.6% for boys and 14.5% for girls), and Class 3 as “low-BMI-z” (18.9% for boys and 21.6% for girls). Moderate-BMI-z trajectory group represented children who had relatively stable BMI-z scores around 0 with a low increasing trend. The high-BMI-z trajectory group exhibited a relatively high initial BMI-z, a rapid increase until the age of 2 years, and a slight decrease after that, with the overall BMI-z ranging from 1 to 2.5. The low-BMI-z trajectory group was characterized by a relatively low initial BMI-z value, which tends to decrease rapidly until the age of 2 years and then increases slightly into the normal range, with the overall BMI-z ranging from −1.5 to −0.5. Figure 2 shows the BMI-z growth trajectory for trends and sizes of the three kinds of trajectories. Supplementary Table 3 shows the parameter estimation results of the LCGA model for children’s BMI-z growth trajectory.

[image: Figure 2]

FIGURE 2
 Child BMI-z growth trajectories from birth to 5 years. Class 1: moderate-BMI-z trajectory, Class 2: high-BMI-z trajectory, Class 3: low-BMI-z trajectory. Line of circle symbol represents sample means; line of triangle symbol represents estimated means.


Table 2 presents the distribution of prepregnant BMI and GWG overall and according to child BMI-z growth trajectory classes stratified for sex. The average prepregnant BMI was 20.83 ± 2.58 kg/m2, and the maternal mean GWG was 15.53 ± 5.85 kg. The prevalence of maternal prepregnancy overweight and obesity was 8.4 and 1.6%, respectively, and GWG was classified as excessive for 60.8% of mothers and inadequate for 8.6%. Mothers with excessive GWG were more likely to have children within the high-BMI-z trajectory group among boys (p = 0.018). Mothers with prepregnancy underweight were more likely to have children within the low-BMI-z trajectory group among girls (p = 0.001).



TABLE 2 Distribution of prepregnant BMI and GWG overall and according to child BMI-z growth trajectory classes stratified for sex.
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Table 3 shows the independent association of prepregnant BMI and GWG with child BMI-z growth trajectory. After adjusting for household income, mother’s education, age at pregnancy, type of delivery, parity, birth weight, time of complementary food introduction, and defining the moderate-BMI-z trajectory group as the reference category, boys of maternal excessive GWG were more likely to have high-BMI-z trajectory than their adequate GWG counterparts (OR = 2.04, 95% CI:1.29, 3.20); girls born to the mothers with prepregnancy underweight were more likely to have low-BMI-z trajectory than girls born to the mothers with prepregnancy adequate weight (OR = 1.85, 95% CI: 1.22, 2.79).



TABLE 3 The independent associations of prepregnant BMI and GWG on child BMI-z growth trajectory OR (95%CI).
[image: Table3]



4. Discussion

This study was conducted to identify the childhood BMI-z trajectories from birth to 5 years among children born at term in Xuzhou Maternity and Child Health Care Hospital between 1 January 2016 and 31 December 2016 in different genders and to assess the association between BMI-z trajectories with prepregnant BMI and GWG. In total, three main findings are worthy of further attention and discussion. Data from this retrospective longitudinal cohort study showed that childhood BMI-z trajectories from birth to 5 years could be classified into three latent groups for both boys and girls, characterized as moderate-BMI-z trajectory group, high-BMI-z trajectory group, and low-BMI-z trajectory group. Prepregnant BMI and GWG were significantly associated with childhood BMI-z trajectories. Excessive GWG predicted the increased risk for the high-BMI-z trajectory group for boys, and prepregnancy underweight predicted the increased risk for the low-BMI-z trajectory group for girls.

With the application of longitudinal data analysis methods in childhood growth trajectories, accumulating studies have documented the potential heterogeneity of childhood growth trajectories (29, 30). The growth trajectory of early childhood is particularly important. Children at risk for overweight and obesity may have unique developmental trajectories during early childhood (31), which may influence the subsequent development of overweight or obesity and other health issues (14, 32). The classification and description of early childhood BMI-z growth trajectory in previous studies (33–36) can be roughly summarized into three types, including stable-moderate BMI-z growth trajectory, stable-low BMI-z growth trajectory, and stable-high BMI-z growth trajectory, which are consistent with the trajectories observed in our study. Furthermore, similar to these studies, it was concluded that children with stable-moderate BMI-z growth trajectory were in the majority, approximately 60% account, with the average BMI-z score range of around 0. However, Zhang et al. (37) reported four latent BMI-z growth trajectory patterns from birth to the age of 60 months. In addition to the three categories mentioned above, a catch-up BMI-z growth trajectory was also identified. The reason this result differs from our study may be due to the different fitting methods used (38). In future research, it would be beneficial to examine the application of different longitudinal data analysis methods to childhood growth trajectories.

In our analysis, after adjusting for the potential confounders, we found that boys of mothers with excessive GWG were significantly associated with an increased risk of high-BMI-z trajectory from birth to 5 years of age. Similarly, a retrospective longitudinal cohort study of 71,892 children suggested that children’s high and increasing BMI trajectories were modestly associated with excessive GWG (28). However, the index used in this study to fit the growth trajectory of children is the raw BMI value, and the timeframe for the trajectory is 2–6 years old. Compared with the BMI trajectory, the BMI-z trajectory can better reflect the change in BMI values relative to their peers. Additionally, Montazeri et al. (39) found that excessive GWG was positively associated with the BMI trajectory of higher birth size and subsequent accelerated BMI gain, and inadequate GWG was associated with the BMI trajectory of lower birth size and slower BMI gain. However, our study did not observe a significant association between inadequate GWG and the low-BMI-z trajectory after adjustment. This may be due to the differences in the timeframe and classification of childhood growth trajectories. More in-depth studies are required to determine how inadequate GWG affects childhood growth trajectory.

Previous studies have reported positive associations between maternal prepregnant obesity and child high BMI growth trajectory (24, 40), which were consistent with the results of our study, though not statistically significant. Our study found that maternal prepregnant underweight predicted the increased risk for the low-BMI-z trajectory group for girls, which may be explained mainly by long-term changes in fetal endocrine and metabolic disorders (41).

There are several strengths in our study. First, multiple assessment points of BMI-z score were collected to identify the childhood growth trajectories with the LCGM approach, revealing the potential heterogeneity of growth trajectories in early childhood. Second, the study was conducted based on the Jiangsu Maternal and Child Health Management Information System to collect maternal and children’s health data, which was electronically recorded with the standard quality control measures. Third, GWG was classified according to the standard of recommendation for weight gain during the pregnancy period (WS/T801-2022), which was based on the BMI of Chinese adults as the tangent point and more suitable for evaluating maternal weight status of Chinese women than the Institute of Medicine guidelines in 2009. Finally, a relatively large sample size was used in the study. It took comprehensive covariates into inclusion in evaluating the association between prepregnant BMI and GWG with childhood growth trajectories.

Nevertheless, several limitations should be mentioned as well. First, the retrospective cohort study was used in this study, and the credibility of the evidence is insufficient. Hence, more prospective studies are needed to corroborate the results of this study in the future. Second, the information on energy balance-related behavior was not collected and adjusted for in our study, which needs to be considered in the future.



5. Conclusion

The BMI-z trajectory from birth to 5 years of age was identified as three latent groups both for boys and girls with the approach of LCGM. Excessive GWG is associated with the increased risk for the high-BMI-z trajectory group for boys, prepregnancy underweight predicted the increased risk for the low-BMI-z trajectory group for girls. Pre-school age is the key window for the formation of trajectory patterns. Maternal weight should be managed precisely, and physical surveillance and intervention should be carried out for children at high risk of obesity, which can help to move the threshold of prevention and control of childhood overweight or obesity forward.



Data availbility statement

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



Author contributions

JS, YH, and LP designed and conceptualized the study. XG, YH, and PZ were responsible for the methodology. JX, YH, and JZ conducted the formal analysis. YD, JZ, and JX were the investigators. JX and JZ prepared the original draft of the manuscript. JS, XR, LZ, and YL reviewed and edited the manuscript. All authors contributed to the article and approved the submitted version.



Funding

This study was supported by the National Natural Science Foundation of China (no. 82204056), the Jiangsu Provincial Maternal and Child Health Research Project in 2018 (F201805), the Key Lab of Human Genetics and Environmental Medicine, School of Public Health, Xuzhou Medical University, and the Key Lab of Environment and Health, School of Public Health, Xuzhou Medical University.



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.



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.



Supplementary material

The Supplementary material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fnut.2023.1101158/full#supplementary-material



References

 1. NCD Risk Factor Collaboration (NCD-RisC). Worldwide trends in body-mass index, underweight, overweight, and obesity from 1975 to 2016: a pooled analysis of 2416 population-based measurement studies in 128.9 million children, adolescents, and adults. Lancet. (2017) 390:2627–42. doi: 10.1016/S0140-6736(17)32129-3 

 2. World Health Organization. (2021). Levels and Trends in Child Malnutrition. The UNICEF/World Health Organization/World Bank Group.

 3. The Report on the Status of Nutrition and Chronic Diseases of Chinese Residents. (2020). Chinese Center for Disease Control and Prevention/National Cancer Center/National Center for Cardiovascular Diseases.

 4. Dong, SS, Zhang, K, Guo, Y, Ding, JM, Rong, Y, Feng, JC , et al. Phenome-wide investigation of the causal associations between childhood bmi and adult trait outcomes: a two-sample mendelian randomization study. Genome Med. (2021) 13:48. doi: 10.1186/s13073-021-00865-3 

 5. Drozdz, D, Alvarez-Pitti, J, Wojcik, M, Borghi, C, Gabbianelli, R, Mazur, A , et al. Obesity and cardiometabolic risk factors: from childhood to adulthood. Nutrients. (2021) 13:13. doi: 10.3390/nu13114176 

 6. Ontai, LL, Sutter, C, Sitnick, S, Shilts, MK, and Townsend, MS. Parent food-related behaviors and family-based dietary and activity environments: associations with bmi z-scores in low-income preschoolers. Child Obes. (2020) 16:S-55–63. doi: 10.1089/chi.2019.0105 

 7. Tang, X, Liu, Y, Hu, J, Zhai, L, Jia, L, Ding, N , et al. Association of waist circumference with blood pressure and familial dietary habits in preschool children: a cross-sectional study in northeastern China. Ital J Pediatr. (2022) 48:53. doi: 10.1186/s13052-022-01236-3 

 8. Medina, M, Barreto, P, Natero, V, Moratorio, X, and Severi, C. Prevalence of malnutrition among children and women of reproductive age in Uruguay by socio-economic status and educational level. Public Health Nutr. (2020) 23:s101–7. doi: 10.1017/S1368980020000804 

 9. Massara, P, Keown-Stoneman, CD, Erdman, L, Ohuma, EO, Bourdon, C, Maguire, JL , et al. Identifying longitudinal-growth patterns from infancy to childhood: a study comparing multiple clustering techniques. Int J Epidemiol. (2021) 50:1000–10. doi: 10.1093/ije/dyab021 

 10. Mattsson, M, Maher, GM, Boland, F, Fitzgerald, AP, Murray, DM, and Biesma, R. Group-based trajectory modelling for bmi trajectories in childhood: a systematic review. Obes Rev. (2019) 20:998–1015. doi: 10.1111/obr.12842 

 11. Widen, EM, Burns, N, Daniels, M, Backlund, G, Rickman, R, Foster, S , et al. Gestational weight change and childhood body composition trajectories from pregnancy to early adolescence. Obesity (Silver Spring). (2022) 30:707–17. doi: 10.1002/oby.23367 

 12. Min, J, Wen, X, Xue, H, and Wang, Y. Ethnic disparities in childhood bmi trajectories and obesity and potential causes among 29, 250 us children: findings from the early childhood longitudinal study-birth and kindergarten cohorts. Int J Obes. (2018) 42:1661–70. doi: 10.1038/s41366-018-0091-4 

 13. Buscot, MJ, Thomson, RJ, Juonala, M, Sabin, MA, Burgner, DP, Lehtimaki, T , et al. Bmi trajectories associated with resolution of elevated youth bmi and incident adult obesity. Pediatrics. (2018) 141:141. doi: 10.1542/peds.2017-2003 

 14. Aris, IM, Rifas-Shiman, SL, Li, LJ, Kleinman, KP, Coull, BA, Gold, DR , et al. Patterns of body mass index milestones in early life and cardiometabolic risk in early adolescence. Int J Epidemiol. (2019) 48:157–67. doi: 10.1093/ije/dyy286 

 15. Wibaek, R, Vistisen, D, Girma, T, Admassu, B, Abera, M, Abdissa, A , et al. Body mass index trajectories in early childhood in relation to cardiometabolic risk profile and body composition at 5 years of age. Am J Clin Nutr. (2019) 110:1175–85. doi: 10.1093/ajcn/nqz170 

 16. Zhang, T, Xu, J, Li, S, Bazzano, LA, He, J, Whelton, PK , et al. Trajectories of childhood bmi and adult diabetes: the Bogalusa heart study. Diabetologia. (2019) 62:70–7. doi: 10.1007/s00125-018-4753-5 

 17. Liang, J, Zheng, S, Li, X, Xiao, D, and Wang, P. Associations of community, famliy and early individual factors with body mass index z-scores trajectories among chinese children and adolescents. Sci Rep. (2021) 11:14535. doi: 10.1038/s41598-021-93949-4 

 18. Wang, Q, Yang, M, Deng, X, Wang, S, Zhou, B, Li, X , et al. Explorations on risk profiles for overweight and obesity in 9501 preschool-aged children. Obes Res Clin Pract. (2022) 16:106–14. doi: 10.1016/j.orcp.2022.02.007 

 19. Meyer, DM, Stecher, L, Brei, C, and Hauner, H. Mid-pregnancy weight gain is associated with offspring adiposity outcomes in early childhood. Pediatr Res. (2021) 90:390–6. doi: 10.1038/s41390-020-01202-x 

 20. Rito, AI, Buoncristiano, M, Spinelli, A, Salanave, B, Kunesova, M, Hejgaard, T , et al. Association between characteristics at birth, breastfeeding and obesity in 22 countries: the who european childhood obesity surveillance initiative - cosi 2015/2017. Obes Facts. (2019) 12:226–43. doi: 10.1159/000500425 

 21. Ziauddeen, N, Huang, JY, Taylor, E, Roderick, PJ, Godfrey, KM, and Alwan, NA. Interpregnancy weight gain and childhood obesity: analysis of a Uk population-based cohort. Int J Obes. (2022) 46:211–9. doi: 10.1038/s41366-021-00979-z 

 22. Baran, J, Weres, A, Czenczek-Lewandowska, E, Leszczak, J, Kalandyk-Osinko, K, Luszczki, E , et al. Excessive gestational weight gain: long-term consequences for the child. J Clin Med. (2020) 9:9. doi: 10.3390/jcm9123795 

 23. Voerman, E, Santos, S, Patro, GB, Amiano, P, Ballester, F, Barros, H , et al. Maternal body mass index, gestational weight gain, and the risk of overweight and obesity across childhood: an individual participant data meta-analysis. PLoS Med. (2019) 16:e1002744. doi: 10.1371/journal.pmed.1002744 

 24. Chang, R, Mei, H, Zhang, Y, Xu, K, Yang, S, and Zhang, J. Early childhood body mass index trajectory and overweight/obesity risk differed by maternal weight status. Eur J Clin Nutr. (2022) 76:450–5. doi: 10.1038/s41430-021-00975-6 

 25. Wan, N, Cai, L, Tan, W, Zhang, T, Yang, J, and Chen, Y. Associations of gestational weight gain with offspring thinness and obesity: by prepregnancy body mass index. Reprod Health. (2018) 15:149. doi: 10.1186/s12978-018-0585-5 

 26. Appropriate body-mass index for asian populations and its implications for policy and intervention strategies. Lancet. (2004) 363:157–63. doi: 10.1016/S0140-6736(03)15268-3 

 27. World Health Organization. Report of expert consultation on the optimal duration of exclusive breastfeeding. Gevena: WHO Press (2001). 10 p.

 28. Wang, X, Martinez, MP, Chow, T, and Xiang, AH. Bmi growth trajectory from ages 2 to 6 years and its association with maternal obesity, diabetes during pregnancy, gestational weight gain, and breastfeeding. Pediatr Obes. (2020) 15:e12579. doi: 10.1111/ijpo.12579 

 29. Bichteler, A, and Gershoff, ET. Identification of children's bmi trajectories and prediction from weight gain in infancy. Obesity (Silver Spring). (2018) 26:1050–6. doi: 10.1002/oby.22177 

 30. Zhou, Y, Yu, P, Zhang, Y, Wang, T, and Wang, A. Distinct patterns of urban-rural and sex disparities in children's bmi trajectories from 2013 to 2018. Front Public Health. (2021) 9:689021. doi: 10.3389/fpubh.2021.689021 

 31. Braun, JM, Kalkwarf, HJ, Papandonatos, GD, Chen, A, and Lanphear, BP. Patterns of early life body mass index and childhood overweight and obesity status at eight years of age. BMC Pediatr. (2018) 18:161. doi: 10.1186/s12887-018-1124-9 

 32. Barraclough, JY, Garden, FL, Toelle, BG, Marks, GB, Baur, LA, Ayer, JG , et al. Weight gain trajectories from birth to adolescence and cardiometabolic status in adolescence. J Pediatr. (2019) 208:89–95.e4. doi: 10.1016/j.jpeds.2018.12.034 

 33. Zhao, Q, Hu, Z, Kocak, M, Liu, J, Fowke, JH, Han, JC , et al. Associations of prenatal metabolomics profiles with early childhood growth trajectories and obesity risk in african americans: the candle study. Int J Obes. (2021) 45:1439–47. doi: 10.1038/s41366-021-00808-3 

 34. Nedelec, R, Miettunen, J, Mannikko, M, Jarvelin, MR, and Sebert, S. Maternal and infant prediction of the child bmi trajectories; studies across two generations of northern Finland birth cohorts. Int J Obes. (2021) 45:404–14. doi: 10.1038/s41366-020-00695-0 

 35. Shao, ZY, Wang, P, Li, P, Sun, Y, Li, PP, and Zhu, P. Socioeconomic disparities and infancy growth trajectory: a population-based and longitudinal study. BMC Pediatr. (2021) 21:549. doi: 10.1186/s12887-021-02995-4 

 36. Hu, Z, Tylavsky, FA, Han, JC, Kocak, M, Fowke, JH, Davis, RL , et al. Maternal metabolic factors during pregnancy predict early childhood growth trajectories and obesity risk: the candle study. Int J Obes. (2019) 43:1914–22. doi: 10.1038/s41366-019-0326-z 

 37. Zheng, M, Campbell, KJ, Baur, L, Rissel, C, and Wen, LM. Infant feeding and growth trajectories in early childhood: the application and comparison of two longitudinal modelling approaches. Int J Obes. (2021) 45:2230–7. doi: 10.1038/s41366-021-00892-5 

 38. Becnel, JN, and Williams, AL. Using latent class growth modeling to examine longitudinal patterns of body mass index change from adolescence to adulthood. J Acad Nutr Diet. (2019) 119:1875–81. doi: 10.1016/j.jand.2019.04.025 

 39. Montazeri, P, Vrijheid, M, Martinez, D, Basterrechea, M, Fernandez-Somoano, A, Guxens, M , et al. Maternal metabolic health parameters during pregnancy in relation to early childhood bmi trajectories. Obesity (Silver Spring). (2018) 26:588–96. doi: 10.1002/oby.22095 

 40. Sha, T, Gao, X, Chen, C, Li, L, He, Q, Wu, X , et al. Associations of prepregnancy bmi, gestational weight gain and maternal parity with the trajectory of weight in early childhood: a prospective cohort study. Int J Environ Res Public Health. (2019) 16:1110. doi: 10.3390/ijerph16071110 

 41. Skrypnik, D, Bogdanski, P, Zawiejska, A, and Wender-Ozegowska, E. Role of gestational weight gain, gestational diabetes, breastfeeding, and hypertension in mother-to-child obesity transmission. Pol Arch Intern Med. (2019) 129:267–75. doi: 10.20452/pamw.4426 



OPS/images/fnut-10-1101158-t003.jpg
Boys Girls

High-BMI-z trajectory ~ Low-BMI-z trajectory = High-BMI-z trajectory = Low-BMI-z trajectory
OR (95%CI) OR (95%CI) OR (95%Cl) OR (95%ClI)

Model 1I*

Prepregnant BMI category

Adequate weight 100 100 100 1

Underweight 1.02(0.58, 1.80) 0.97 (063, 1.50) 058 (0.30,1.11) 188 (1.26,2.81)"
Overweight 152 (0.86,2.70) 0.78 (043, 1.39) 1.64(0.93,2.89) 0.99(0.54,1.82)
Obesity 075 (0.17,334) 048 (0.11,2.11) 071(0.16,3.22) 083 (0.23,298)

Gestational weight gain

Adequate 1 1 1 1
Inadequate 083 (035,198) 156 (0.92, 2.66) 095 (0.44,2.02) 116 (0.65, 2.06)
Excessive 176 (1.14,2.72) 048 (0.11,2.11) 107 (0.71,1.61) 1.06(0.75,1.51)
Model 2

Prepregnant BMI category

Adequate weight 100 100 100 1

Underweight 1.10(0.60, 2.00) 0.96 (061, 1.51) 0.63(0.33,1.23) 185 (1.22,2.79)
Overweight 141(0.76,2.59) 0.84 (046, 1.54) 146 (0.80,2.65) 0.94(050,1.76)
Obesity 0.39(0.08, 1.84) 037(0.08,1.72) 057(0.12,272) 0.84(0.23,3.08)

Gestational weight gain

Adequate 1.00 100 100 1
Inadequate 0.84(0.35,2.03) 1,54 (0.89,2.69) 072033, 1.61) 128(071,2.32)
Excessive 2.04(1.29,3.20) 141 (099,201) 118 (077, 1.80) 107 (0.75,1.52)

‘Model 1, Crude model; Model 2, Adjusted for household income, mother’ education, age at pregnancy, type of delivery, parity, gestational age of delivery, birth weight,time of complementary
foods introduction. “The bold data indicates the value of p less than 0.05.





OPS/images/fnut-10-1101158-t001.jpg
All children n=2,190
n (%)

Boy n=1,165
n (%)

Girl n=1,025
n (%)

p-value

Maternal characteristics
Household income per month, ¥
<2,500

2,500-4,000

24,000

Mother’s level of education

Junior high or below

High school/technical secondary school
Junior college/vocational college
College degree or above

Age at pregnancy, years

18~

25~

230

Type of delivery

Vaginal

Cesarean

Parity

0

-

Child characteristics

Gestational age of delivery, weeks

<37

237

Child birth weight, kg

<25

25-4

24

Infant feeding mode from birth to §months

Exclusive breastfee

Mixed feeding
Formula feeding

‘Time of complementary foods introdu

months

110(5.0)
140 (6.4)

1940 (88.6)

296 (13.5)
425 (19.4)
508 (23.2)

961 (43.9)

417 (19.0)
1,096 (50.0)

677 (30.9)

1,019 (46.6)
1170 (53.4)

1,375 (62.8)
815(37.2)

106 (4.8)

2084 (95.2)

35(16)
1857 (84.8)

298 (13.6)

1,140 (52.1)
924 (422)

126 (5.8)

516 (23.6)
1,179 (53.8)

495 (34.6)

57 (4.9)
82(7.0)

1,026 (88.1)

158 (13.6)
225(19.3)
284 (24.4)

498 (42.7)

209(17.9)
569 (48.8)
387 (33.2)

529 (45.4)
636 (54.6)

710 (60.9)
455 (39.1)

62(5.3)

1,103 (94.7)

16(1.4)
951 (81.6)

198 (17.0)

595 (51.1)
498 (42.7)

72(62)

298 (25.6)
605 (51.9)

262(22.5)

53(52)
58(5.7)

914 (89.2)

138 (13.5)
200 (19.5)
224(219)

463 (45.2)

208 (20.3)
527 (51.4)

290 (283)

491 (47.9)
534 (52.1)

665 (64.9)
360 (35.1)

44(43)

981 (95.7)

19019
906 (88.4)

100 (9.8)

545 (53.2)
426 (41.6)

54(53)

218 (213)
574 (56.0)

233(227)

041

052

0.04%

024

0.06

026

<0.001%

049

005





OPS/images/fnut-10-1101158-t002.jpg
Mean+SD or n (%)

Class 1

Class 2

Class 3

Boys
Prepregnant BMI, kg/m*
Prepregnant BMI category
Underweight

Adequate weight
Overweight

Obesity

GWG, kg

GWG

Adequate

Inadequate

Excessive

Girls

Prepregnant BMI, kg/m*
Prepregnant BMI category
Underweight

adequate weight
Overweight

Obesity

GWG, kg

GWG

Adequate

Inadequate

Excessive

20864257

169 (14.5)
876 (75.2)
101 (8.7)
19.(1.6)

15324582

357 (30.6)
105 (9.0)

703 (60.3)

20804258

156 (15.2)
768 (74.9)
84(8.2)
17(1.7)

1577588

312 (304)
84(82)

629 (61.4)

20924262

19 (14.7)
607 (74.9)
69 (8.5)
15(19)

15254588

265 (32.7)
72(8.9)

473 (58.4)

20814255

92(14.0)
501(76.5)
50 (7.6)
12(1.8)

1570£5.59

201 (30.7)
52(7.9)

402 (61.4)

21064253

17 (12:6)

99(73.3)
17 (12.6)
2(15)

16.18+5.92

31(23.0)
7(52)

97(719)

21284269

12(8.1)
116 (77.9)
19(128)

2013

15.08£5.36

42(28.2)
10(6.7)

97 (65.1)

20534238

33(15.0)
170(77.3)
15 (6.8)
209

1507544

61(27.7)
26(11.8)

133 (60.5)

20444255

52(23.5)
151 (68.3)
15(6.8)
3014)

16412691

69(31.2)
22(10.0)

130 (58.8)

0.085

0.564

0172

0.018

0.009

0.001

0.095

0.705





OPS/xhtml/Nav.xhtml




Contents





		Cover



		BMI growth trajectory from birth to 5 years and its sex-specific association with prepregnant BMI and gestational weight gain



		1. Introduction



		2. Methods



		2.1. Study subjects



		2.2. Prepregnant BMI and GWG



		2.3. Child BMI-z



		2.4. Confounding factors



		2.5. Statistical analysis









		3. Results



		4. Discussion



		5. Conclusion



		Data availbility statement



		Author contributions



		Funding



		Conflict of interest



		Publisher’s note



		Supplementary Material



		References



















OPS/images/fnut-10-1101158-g001.jpg
12,938 Singleton births at 28-42
weeks’ gestation delivered
between 1/1/2016 and 31/12/2016

6,836 Children not included for
not obtaining written informed
consent

6,102 Children

3,912 Children excluded
3,775 Not meeting the minimum
of S BMI eriteria
137 Missing covariate data

2,190 Children included in final

analysis






OPS/images/fnut-10-1101158-g002.jpg





OPS/images/cover.jpg
& frontiers | Frontiers in Nutrition

BMI growth trajectory from birth to
5 years and its sex-specific
association with prepregnant BMI
and gestational weight gain












OPS/images/crossmark.jpg
(®) Check for updates







OPS/images/logo.jpg
’frontiers ‘ Frontiers in Nutrition






