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Objectives

We aimed to identify the weight gain patterns of small-for-gestational age (SGA) infants in early life and to explore the predictive value for later overweight/obesity in childhood.



Methods

We obtained data from a prospective cohort including term SGA infants born between January 2006 and November 2015 who received regular health care from birth to 5 years in West China Second University Hospital, Chengdu, China. A latent class growth analysis (LCGA) was applied to group children with similar growth trajectory patterns. Multiple logistic regression was performed to examine the association between weight gain patterns and later overweight/obesity.



Results

A total of 296 term SGA infants were finally included. Five weight gain trajectories were identified, including excessive rapid catch-up growth (ERCG) (class 1, 10.9%), rapid catch-up growth (RCG) (class 2, 17.9%), appropriate catch-up growth (ACG) (class 3, 53.0%), slow catch-up growth (SCG) (class 4, 13.4%) and almost no catch growth (NCG) (class 5, 4.8%). SGA infants in class 1 and class 2 had a higher BMI according to age- and sex-specific Z scores from 2–5 years of age. In addition, 25% of SGA infants in class 1 and 13.2% of SGA infants in class 2 were found to be overweight/obese at 2-5 years of age. After adjusting for confounders, we found that extremely rapid weight gain (class 1) in the first 2 years of life increased the risk of overweight/obesity by 2.1 times at 2 to 5 years of age (aOR=2.1, 95% CI: 1.3~4.8; P<0.05). Furthermore, the increment of ΔWAZ between 0 and 4 mo was prominently related to the risk of overweight/obesity at 2 to 5 years for term SGA infants (aOR=3.2, 95% CI: 1.7~8.1; P<0.001). A receiver operating characteristic (ROC) curve showed the area under curve (AUC) was 0.7, with a 95% confidence interval (CI) from 0.6 to 0.8 (P<0.001).



Conclusions

The extremely rapid weight gain pattern of term SGA infants in the first 2 years of life increased the risk of overweight/obesity at 2 to 5 years of age. It suggests monitoring weight gain across the infant period represents a first step towards primary prevention of childhood obesity.
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Introduction

Small-for-gestational-age (SGA) refers to newborns with birth weight (BW) below the 10th percentile according to the sex- and gestational age (GA)-specific reference (INTER- GROWTH-21st Project) (1). Globally, approximately 16% of all infants are SGA, and this figure ranges from 7% in industrialized countries to 41.5% in South Asia (2, 3). It was reported that 32.4 million infants (27% of live births) were born SGA in low- and middle-income countries in 2010, and among them, 29.7 million were term SGA infants (3). In recent study, it was reported that a third of babies were born SGA (34%) and SGA accounts for a quarter (24%) of all neonatal deaths in South Asia (4). The number of SGAs was huge, and it had a significant impact on children’s short-term and long-term health. Most term SGA infants showed significantly rapid weight gain or catch-up growth (CUG) compensating for intrauterine restraint within the first two years of life (5–7). However, associations between SGA and increased risks for disease in adulthood, such as metabolic syndrome, type 2 diabetes and cardiovascular disease, are now well established (8–11). Furthermore, growing evidence has suggested the greatest long-term risk of excessive adiposity and the accompanying comorbidities across life among infants who have been found to have intrauterine growth restriction followed by rapid weight gain in infancy (10, 12–15). Notably, increasing evidence has shown that children who experience rapid weight gain in early postnatal life are more prone to developing obesity and related diseases than those born SGA only (16).

Currently, obesity and accompanying comorbidities have become a global public health concern and have spread to the pediatric population (17, 18). In total, 35.1% of American children aged 2~19 years developed overweight/obesity from 2015~2016, and a sharp increase in obesity prevalence among children aged 2~5 years was detected (19). Treatment of overweight and obesity is notoriously difficult and often unsuccessful. Therefore, prevention-based strategies implemented as early as possible seem to have profound significance. As illustrated by the Developmental Origins of Health and Disease (DOHaD), obesity and accompanying comorbidities might originate very early from maternal, perinatal and early childhood factors; for example, SGA infants with postnatal accelerated weight gain were demonstrated to constitute an enormous high-risk group for developing overweight/obesity (20–22). Most studies have proposed that the most influential window for achieving catch-up growth is the first two years of life (5, 6, 23, 24). Thus, this window might be a critical period for setting the long-term growth trajectory and for the early prevention and intervention for overweight/obesity in later life.

To date, limited studies are available regarding the weight gain trajectories for SGA infants, especially in low-middle income areas, and a consensus has not been established regarding which period of weight gain contributes to future risks for overweight/obesity. Hence, we performed a prospective cohort study enriched with term SGA births to 1) identify weight growth patterns within the first 2 years of life for term SGA children; 2) explore the association of particular weight gain patterns with the development of overweight/obesity in later life; and 3) evaluate the predictive impact of differential rapid weight gain periods during infancy on later overweight/obesity.



Methods


Study design and subjects

Data were obtained from a cohort who had regular health care and birth data in the Children’s Department of Health at West China Second University Hospital, Chengdu, China. Children were born between January 2006 and November 2015. Gestational age (GA), birth weight (BW), sex, gravidity and parity were collected at birth. Feeding patterns between 0~4 mo were documented. Parental weight, height and calculated body mass index, as well as the parental education were recorded. In the study, SGA was defined as birthweight < 10th percentile for sex and gestational age according to the Chinese Neonatal Network (1). Gestational age was determined by the mother’s last menstrual period or ultrasound measurement during early pregnancy and was confirmed by physical examination and ultrasonography when available. The flowchart of the study population is shown in Figure 1. All parents signed informed consent forms before participation. SGA infants born preterm (GA < 37 weeks) or postterm (GA > 42 weeks) and nonsingletons were excluded from the analysis. Besides, SGA infants with a dysmorphic features, congenital structural abnormalities of the organs, or chronic diseases had not been included. Additionally, individual measurements with unreasonable data were excluded in case of possible data-entry error. Only data from infants with anthropometric measurements for both weight and length at each of the follow-up age points were used in this analysis. Of these data, only those with at least one follow-up assessment during the period from 2–5 years were used. This study was approved by the Medical Ethics Committee of West China Second Hospital of Sichuan University.




Figure 1 | Flowchart of the study population.





Measurements

Weight and length (height) were prospectively measured once a month in the first six months, once every 2 months from 6 months to 10 months, once every 3 months from 1 to 2 years, and once every six months from 2 to 6 years. Trained researchers measured physical indicators following strict protocols. Weight was measured using an electronic scale (Seca376; Seca Measuring System Co. Ltd., Hong Kong, China). Length for children under 3 years old was measured in the supine position using a measurement bed (Seca416; Seca Measuring System Co. Ltd.). Height for children older than 3 years was measured in a standing position by a measurement stadiometer. A dedicated person calibrated the measuring appliances regularly. Weight and length were separately assessed to the nearest 100 g and 0.1 cm, respectively. Body mass index (BMI) was calculated as weight in kg divided by the square of length in m.



Growth trajectory

To group children with similar growth trajectory patterns according to their weight during the first 2 years of life, a latent class growth analysis (LCGA) was applied, which is a person-centered approach to classify individuals into distinct groups (25, 26). The 2006 World Health Organization (WHO) growth charts were used as a reference to calculate sex- and age-specific weight distributions prior to 2 years of age (27). Anthropometric indices of weight-for-age Z scores (WAZ) and height-for-age Z scores (HAZ) were calculated as indicators of the growth status of the children. The WAZ at each time point of 4 mo, 8 mo, 12 mo, and 24 mo was used for LCGA modeling. Participants were classified into 5 groups, WAZ < −1.28, − 1.28 ~ − 0.67, − 0.67~0.67, 0.67~1.28, and > 1.28, which corresponded to the 10th, 25th, 75th and 90th percentiles, respectively. The optimal number of growth trajectories (latent groups) was chosen according to the Bayesian information criterion. Lower Bayesian information criterion (BIC) values indicate a better fit. Moreover, the classification accuracy of the model was assessed with the entropy statistic. An entropy statistic >0.80 suggests sufficient accuracy of the model (range 0-1) (28).

Moreover, growth deviation was defined as being underweight or stunted, including children with Z score <−2 for weight or height, respectively, or being overweight or obese. BMI over the 85th percentile and 95th percentile was defined as overweight and obesity, respectively, in the current study. In addition, weight gain velocity between two target time points was indicated by different ΔWAZ degrees: i, ΔWAZ <−0.67 as crossing down one or more; ii, −0.67 ≤ ΔWAZ ≤0.67 as no crossing; iii, ΔWAZ > 0.67 to 1.28 as crossing up one; and iv, ΔWAZ >1.28 as crossing up two or more of the main weight percentiles of the WHO growth chart.



Statistical analysis

We used latent class growth analysis (LCGA) implemented in Mplus software (version 8.0) to identify weight gain trajectories from birth to 2 years (28, 29). Statistical analysis was performed using SPSS (version 26.0). Cochran−Mantel−Haenszel χ2 was used to assess the differences in baseline characteristics among the 5 growth trajectory patterns. We used multiple logistic regression to examine the association between weight gain patterns and overweight/obesity adjusting for potential confounders, including sex, birthweight, gestational age, gravidity, parity, paternal height and BMI, feeding patterns between 0~4 mo. Furthermore, multiple logistic regression was applied to investigate the predictive impact of weight gain velocity from birth to 4 mo on overweight/obesity during 2-5 years with adjustment for the above confounding factors. Moreover, a receiver operating characteristic (ROC) curve was applied to test the sensitivity and specificity as well as the cutoff point for the predictive effect of weight gain in early life on later overweight/obesity. Statistical significance was defined as P < 0.05.




Results

There were 296 term SGA infants with available length and weight data at birth, 4 mo, 8 mo, 1 y, 2 y and 2-5 y were finally included in the study. Figure 1 shows the inclusion flow chart of the study population. Most demographic characteristics, including sex, gestation and birthweight, were not significantly different between SGA infants included and excluded from our study (eTable 1).

Based on the Bayesian information criterion in the LCGM, the BIC values were 4103.42, 3652.44, 3427.69, 3239.00, and 3293.68 when the population was divided into 2–6 categories, of which five were optimal grouping numbers for the minimum BIC. Five weight gain trajectories were identified, including excessive rapid catch-up growth (ERCG) (class 1, 10.9%), rapid catch-up growth (RCG) (class 2, 17.9%), appropriate catch-up growth (ACG) (class 3, 53.0%), slow catch-up growth (SCG) (class 4, 13.4%) and almost no catch growth (NCG) (class 5, 4.8%) (Figure 2). By comparing the baseline characteristics of SGAs in the 5 weight growth trajectories, we found that both birthweight and gestation played an important role (Table 1). SGAs with higher birthweight and late term were more prone to have weight gain trajectories from class 1 to 3 (P<0.01). Higher gravidity and parity were observed in the lower weight gain trajectories, but the difference was not significant (P>0.05). SGAs experienced class 1 and 2 weight gain trajectories were found having taller parents (P<0.01). Meanwhile SGAs with higher paternal BMI tend to have more rapid weight gain trajectories (P<0.01). Maternal BMI was highest in ERCG group, but with no significance (P>0.05). Additionally, feeding patterns between 0~4 mo was analyzed, and the proportion of formula feeding seemed to have a minor increase in class 1 and 2 weight gain trajectories. We further analyzed the disparities in ΔWAZ degrees during the first 4 mo of life among the five patterns. It was found that infants from classes 1 to 3 had a higher percentage of fast weight gain with ΔWAZ > 1.28 than the other two classes. Most infants in classes 4 and 5 had weight gain characterized by ΔWAZ from − 0.67 to 0.67 or ΔWAZ < − 0.67.


Table 1 | The baseline characteristics of the SGA by weight gain class.






Figure 2 | Trajectories of weight gain grouping classes in terms of SGA obtained by the latent class growth model (LCGA).



Furthermore, the study showed that weight gain classes in the first 2 years of life were associated with BMI for age z score and rate of overweight/obesity for SGA infants from 2-5 years (P<0.01). As shown in Figure 3, SGA infants in class 1 and class 2 had a higher BMI for age- and sex-specific Z score from 2–5 years. In addition, 25% of SGA infants in class 1 and 13.2% of SGA infants in class 2 were found to be overweight/obese at 2-5 years (Table 1). Nevertheless, 35.7% of SGA infants in class 5 were observed to be malnourished. After adjusting for confounding factors such as sex, birthweight, gestational age, gravidity and parity, paternal height and BMI, feeding patterns between 0~4 mo through multiple regression analysis, the results showed that the extremely rapid weight gain (class 1) of term SGA infants in the first 2 years of life increased the risk of overweight/obesity by 2.1 times at 2 to 5 years of age (aOR=2.1, 95% CI: 1.3~4.8; P<0.05). Besides, higher maternal height might be protective for childhood overweight/obesity at 2 to 5 years (aOR=0.823, 95% CI: 0.71~0.95; P<0.05).




Figure 3 | BMI Z score when participants aged 2–5 y were stratified by weight gain class in the first 2 years.



We further explored the association of the ΔWAZ degrees of SGAs in early life with later overweight/obesity. When compared with the non-overweight/obese children, obviously higher ΔWAZ values from 0 to 4 mo (0.43 ± 0.12 vs. 0.26 ± 0.10, P<0.001) and 5 to 8 mo (0.07 ± 0.03 vs. 0.04 ± 0.02, P<0.01) were found in SGA infants with overweight/obesity in later life. After adjusting for confounding factors such as sex, birthweight, gestational age, gravidity and parity, paternal height and BMI, feeding patterns between 0~4 mo, the study showed that the risk of overweight/obesity between 2 and 5 years in term SGA infants was still related to the increment of ΔWAZ from 0 to 4 mo (aOR=3.2, 95% CI: 1.7~8.1; P<0.001). A receiver operating characteristic (ROC) curve was also established. The area under the curve (AUC) was 0.7, with a 95% CI from 0.6 to 0.8 (P<0.001) (Figure 4).




Figure 4 | Receiver operating characteristic (ROC) curve for the predictive value of WAZ from birth to 4 months regarding overweight/obesity in SGA children aged 2~5 years.





Discussion

The best growth and nutritional strategy for term SGA is currently unclear and is likely to differ in different populations. To our knowledge, this is the first prospective birth cohort study to investigate the temporal relationship between early life excessive weight gain and childhood overweight/obesity in relatively low-middle income areas in West China. After adjustment for sex, birthweight, gestational age, gravidity, parity, paternal height and BMI, feeding patterns between 0~4 mo, the excessive rapid weight gain pattern from birth to 2 years was associated with an increased risk of childhood overweight and obesity at 2-5 years of life. Higher maternal height might be a protective factor. In addition, our findings suggest that the increment of ΔWAZ from 0 to 4 mo is a potential predictor of childhood overweight and obesity from 2-5 years of life. It is possible that pediatricians and parents should pay more attention to and ensure optimal early life weight gain, especially in the first 4 mo of life.

The weight gain pattern of term SGA infants is likely to differ in different populations and different income areas (30). This might lead to different nutrition strategies for term SGA infants. In the study, five weight gain patterns for term SGA infants from birth to 2 y were established in a low-middle income area in West China. The weight gain pattern was similar to that in a study performed in Shanghai, the most developed area in China (31). However, it revealed that the combined proportion of slow catch-up growth (SCG) and almost no catch growth (NCG) was much higher (18.2% vs. 13.6%), and the combined proportion of excessive rapid catch-up growth (ERCG) and rapid catch-up growth (RCG) was slightly lower (28.8% vs. 30.5%) than that among term SGA infants in high-income areas. This difference might be attributed to the relatively limited medical/health conditions and socioeconomic disparities in low-middle income areas. This finding suggests that different catch-up growth strategies should be adopted in different areas.

There are also many factors that affect catch-up growth, including socio-economic factors, genetic factors, maternal prenatal factors, maternal pregnancy complications, and postnatal feeding, diseases, etc (7, 32–34). First of all, the subjects of this study are basically from urban areas, and there is no significant difference between parents’ education levels. We further analyzed the effects of father’s height and BMI, mother’s height and prepregnancy BMI on SGA infants’ catch-up growth. The results showed SGA infants whose parents were taller or had higher BMI slightly tended to experience rapid weight catch-up growth. In the multivariate analysis, the height of mother was discovered a potential protective factor for obesity in full-term SGA infants aged 2-5 years. The genetic gene of higher height is helpful to promote SGA linear catch-up growth, which may be the potential reason (35, 36). In addition, this study found that the formula feeding within 4 months of term SGA infants with fast weight catch-up growth was slightly higher. The exclusive breastfeeding rate was lowest in ERCG group. One newly study reported that SGA preterm infants fed preterm formula had significantly larger negative change in weight and length z-scores between birth and discharge, when compared with fortified mother’s own milk (37). However, It was reported that breastfeeding may have positive effects on growth programming due to its nutrients’ energetic efficiency (38). The short-term and long-term benefits are mainly due to the adaptation of nutrient proportion, regulation of immunity, regulation of intestinal flora, etc (39–41). In this study, suspected congenital syndrome (with obvious special facial features and severe growth and development disorders), congenital organ abnormalities and chronic diseases that may seriously affect the growth and development of SGA infants were not included. This is helpful to reduce the influence of confounding factors on SGA infants catch-up growth pattern discrimination. After correcting important confounding factors, the excessive rapid weight gain pattern from birth to 2 years was still associated with an increased risk of childhood overweight and obesity at 2-5 years of life.

It has been illustrated by the concept of the Developmental Origins of Health and Disease (DOHaD) that children born with low birth weight or SGA have an increased risk for obesity, insulin resistance, and ultimately impaired glucose tolerance, type 2 diabetes, and cardiovascular disease later in life (14, 15, 42, 43). In this study, we found that the extremely rapid weight gain pattern (ΔWAZ>1.28) of term SGA infants from birth to 2 years was significantly related to the increased risk of overweight/obesity at 2-5 years in later life. The risk was approximately 2 times higher than that of term non-SGA infants. The pooled findings reviewed by Druet C et al. showed that each +1 unit increase in weight standard deviation (SD) scores between 0 and 1 year conferred a twofold higher risk of childhood obesity and a 23% higher risk of adult obesity, adjusted for sex, age and birthweight (44). A recent study from Denmark showed that rapid (ΔWAZ 0.67–1.34) and very rapid weight gain (ΔWAZ>1.34) among infants between 0 and 8–10 months of age dramatically increased the risk of overweight and obesity at 2 years (22–26 months) (45). The risks for overweight and obesity were nearly 3 and 7 times higher, respectively. Although there were some disparities in risks due to the different study designs and populations, it was clear that extremely rapid weight gain in early life indeed significantly increased the risk for overweight/obesity in later life. However, the trigger mechanisms remain unknown. The body fat content of a healthy full-term infant rises sharply from 10 to 14% at birth to 25 to 30% at 6 mo of age. Children born SGA had higher central adiposity regardless of their body size. Being SGA at birth could program excess abdominal fat deposition in children, which is a major component in the clustering of cardiovascular disease risk factors defining metabolic syndrome (MetS) (46). It is known that the early time is a critical period for growth and nutrition programming. The effect of excessive fat gain in the early stages on long-term nutrient metabolism deserves further investigation.

Dynamic changes in body weight have long been recognized as important indicators of risk for human health. Many population-based observational studies have shown that rapid weight gain during infancy, including a catch-up growth phenomenon or adiposity rebound in early childhood, predisposes a person to the development of obesity, type 2 diabetes, and cardiovascular diseases later in life (15). However, the exact timing of the rapid weight gain that contributes to these long-term risks continues to be debated. In this prospective study, we found that the fast increment of ΔWAZ from 0 to 4 mo was significantly related to the high risk of overweight/obesity at 2 and 5 years in term SGA infants. The risk was almost 3.2 times higher among these individuals. Additionally, the ROC curve suggested that ΔWAZ from 0 to 4 mo might be a potential predictor of the overweight/obesity risk of preschool children born at term and SGA. Similarly, a multicenter cohort study in the U.S. discovered that weight gain in the first 4 mo was associated with the OR of obesity at 7 years (47). Stettler N et al. found that African American infants gaining ≥1 WAZ unit in the first 4 mo were significantly more likely to be obese by age 20 (OR = 5.22) (48). In a Chinese cohort, an increase in WAZ in the first 3 mo was associated with BMI-Z at 7 years (49). Even increases in WAZ as early as the first 8 d of life have been associated with an increased risk of overweight and obesity in adulthood (50). The studies cited suggest that the first few weeks and months of life were particularly associated with later weight status (51). The disparity in research outcomes may result in part from ethnic differences, inconsistencies in research design, a lack of longitudinal and intervention studies, and appropriate unified indicators for catch-up growth. Previous studies have emphasized absolute weight gain, rarely addressing changes in body composition and failing to address fat distribution (subcutaneous vs. visceral). As also reviewed by Cho WK, the early fat increase in SGA infants may be the key factor affecting the occurrence of long-term cardiovascular metabolic diseases (46). Further prospective cohort multicenter studies evaluating fat growth should be designed. With regard to the mechanism(s) driving the correlation between excess weight gain in the first 4 mo and later obesity remain unknown. These months may be a critical time when metabolic programming can occur, similar to the in utero period, because infants’ organ systems still maintain considerable plasticity for adaptation to nutritional and environmental exposures. During the very early period, SGA infants are still malleable, and the gut is so permeable that milk/formulas can elicit significant endocrine responses. The combination of these factors potentially makes this time a vulnerable period (52).


Limitations and prospects

This research has a number of limitations as well as strengths. First, the study failed to collect detailed information on detailed nutrition, which limited our analysis of the effects of nutritional factors on growth and development in SGA infants. Besides, the maternal obesity and weight gain during pregnancy were not well recorded. Second, we only included term SGA infants in the analysis. Thus, the results may not be applicable to preterm SGA infants or overdue SGA infants. Infants in these groups are thought to have different growth trajectories. Third, due to the limited duration of long-term follow-up, we analyzed whether the children were overweight or obese during the age of 2-5 years as the outcome. A better research design is needed in the future to ensure the integrity of long-term follow-up data. To identify an ideal growth trajectory, a longer follow-up period and more critical time points will be needed to assess the long-term impact of catch-up growth in childhood. These limitations aside, the strength of this research lies in the prospective study design with a relatively long follow-up time. Economic, geographical and ethnic factors are all potential factors affecting the growth and development of SGA infants. The risk of long-term chronic diseases among SGA infants requires early detection and timely intervention. However, to our knowledge, no such prospective cohort study has been conducted in Southwest China. This study has filled this gap to some extent. This study provides an important reference for the early health management of term SGAs in Southwest China.




Conclusion

This study shows that excessive rapid catch-up weight growth in full-term SGA infants aged 0-2 years is an important risk factor for overweight/obesity at the age of 2-5 years. Scientific management of the weight increase in full-term SGA infants in early life, especially from 0-4 months, is the key to preventing the occurrence and development of overweight/obesity and its metabolic diseases in the later period. Children’s health care physicians should pay extra attention to this finding. Regular monitoring weight gain across the infant period represents a first step towards primary prevention of childhood obesity.



Data availability statement

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



Ethics statement

The study protocol was approved by the medical ethics committee of West China Second University Hospital.



Author contributions

Data extraction and curation: PL, SY. Statistical analysis: PL. Methodology: PL, FY. Validation: PL, DQ. Writing—original draft: PL. Writing—review and editing: all authors. All authors contributed to the article and approved the submitted version.



Funding

This work was supported by the National Key Research and Development Program of China (No. 2019YFC0840702 to FY), the Science and Technology Bureau of Sichuan Province (No. 2020YFS0109 to Ping Li, No. 2021YFS0113 to YL), and the Clinical Discipline Development Fund of West China Second Hospital, Sichuan University (No. KL119 to PL).



Acknowledgments

We appreciate the professional statistics staff of the School of Public Health for their guidance on the statistical methods. We thank all the medical staff involved in the follow-up.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fendo.2022.1030216/full#supplementary-material



References

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

2. Tudehope, D, Vento, M, Bhutta, Z, and Pachi, P. Nutritional requirements and feeding recommendations for small for gestational age infants. J Pediatr (2013) 162(3):S81–9. doi: 10.1016/j.jpeds.2012.11.057

3. Lee, AC, Katz, J, Blencowe, H, Cousens, S, Kozuki, N, Vogel, JP, et al. National and regional estimates of term and preterm babies born small for gestational age in 138 low-income and middle-income countries in 2010. Lancet Global Health (2013) 1(1):e26–36. doi: 10.1016/S2214-109X(13)70006-8

4. Lee, AC, Kozuki, N, Cousens, S, Stevens, GA, Blencowe, H, Silveira, MF, et al. Estimates of burden and consequences of infants born small for gestational age in low and middle income countries with INTERGROWTH-21(st) standard: analysis of CHERG datasets. Bmj (2017) 358:j3677. doi: 10.1136/bmj.j3677

5. Karlberg, J, and Albertsson-Wikland, K. Growth in full-term small-for-gestational-age infants: from birth to final height. Pediatr Res (1995) 38(5):733–9. doi: 10.1203/00006450-199511000-00017

6. Hokken-Koelega, A, De Ridder, M, Lemmen, R, Den Hartog, H, De Muinck Keizer-Schrama, S, and Drop, S. Children born small for gestational age: do they catch up? Pediatr Res (1995) 38(2):267–71. doi: 10.1203/00006450-199508000-00022

7. Campisi, SC, Carbone, SE, and Zlotkin, S. Catch-up growth in full-term small for gestational age infants: A systematic review. Adv Nutr (2019) 10(1):104–11. doi: 10.1093/advances/nmy091

8. de Arriba, A, Domínguez, M, Labarta, JI, Puga, B, Mayayo, E, and Longás, A. Metabolic syndrome and endothelial dysfunction in a population born small for gestational age relationship to growth and gh therapy. Pediatr Endocrinol Reviews: PER (2013) 10(3):297–307.

9. Milovanovic, I, Njuieyon, F, Deghmoun, S, Chevenne, D, Levy-Marchal, C, and Beltrand, J. SGA children with moderate catch-up growth are showing the impaired insulin secretion at the age of 4. PloS One (2014) 9(6):e100337. doi: 10.1371/journal.pone.0100337

10. Leunissen, RW, Kerkhof, GF, Stijnen, T, and Hokken-Koelega, A. Timing and tempo of first-year rapid growth in relation to cardiovascular and metabolic risk profile in early adulthood. Jama (2009) 301(21):2234–42. doi: 10.1001/jama.2009.761

11. Hong, YH, and Chung, S. Small for gestational age and obesity related comorbidities. Ann Pediatr Endocrinol Metab (2018) 23(1):4. doi: 10.6065/apem.2018.23.1.4

12. Barker, DJ, Osmond, C, Forsén, TJ, Kajantie, E, and Eriksson, JG. Trajectories of growth among children who have coronary events as adults. New Engl J Med (2005) 353(17):1802–9. doi: 10.1056/NEJMoa044160

13. Ben-Shlomo, Y, McCarthy, A, Hughes, R, Tilling, K, Davies, D, and Davey Smith, G. Immediate postnatal growth is associated with blood pressure in young adulthood: the Barry Caerphilly growth study. Hypertension (2008) 52(4):638–44. doi: 10.1161/HYPERTENSIONAHA.108.114256

14. Singhal, A. Long-term adverse effects of early growth acceleration or catch-up growth. Ann Nutr Metab (2017) 70(3):236–40. doi: 10.1159/000464302

15. Arisaka, O, Ichikawa, G, Koyama, S, and Sairenchi, T. Childhood obesity: rapid weight gain in early childhood and subsequent cardiometabolic risk. Clin Pediatr Endocrinol (2020) 29(4):135–42. doi: 10.1297/cpe.29.135

16. Lyons-Reid, J, Albert, BB, Kenealy, T, and Cutfield, WS. Birth size and rapid infant weight gain–where does the obesity risk lie? J Pediatr (2021) 230:238–43. doi: 10.1016/j.jpeds.2020.10.078

17. Collaborators, L, and Pepito, VCF. Mapping local patterns of childhood overweight and wasting in low-and middle-income countries between 2000 and 2017. (2020) 26(5):750–9. doi: 10.1038/s41591-020-0807-6

18. Saklayen, MG. The global epidemic of the metabolic syndrome. Curr Hypertens Rep (2018) 20(2):12. doi: 10.1007/s11906-018-0812-z

19. Skinner, AC, Ravanbakht, SN, Skelton, JA, Perrin, EM, and Armstrong, SC. Prevalence of obesity and severe obesity in US children, 1999–2016. Pediatrics (2018) 141(3):e20173459. doi: 10.1542/peds.2017-3459

20. Gillman, MW. Developmental origins of health and disease. New Engl J Med (2005) 353(17):1848. doi: 10.1056/NEJMe058187

21. Kemp, AH, Quintana, DS, Felmingham, KL, Matthews, S, and Jelinek, HF. Depression, comorbid anxiety disorders, and heart rate variability in physically healthy, unmedicated patients: implications for cardiovascular risk. PloS One (2012) 7(2):e30777. doi: 10.1371/journal.pone.0030777

22. Vickers, MH. Early life nutrition, epigenetics and programming of later life disease. Nutrients (2014) 6(6):2165–78. doi: 10.3390/nu6062165

23. Karlberg, J. Secular trends in pubertal development. Hormone Res Paediatrics (2002) 57(Suppl. 2):19–30. doi: 10.1159/000058096

24. Huang, L, Yang, S, Yang, F, and Xiong, F. A prospective study about physical growth of children from birth to 2 years old born full-term small-for-gestational-age. J paediatrics Child Health (2019) 55(2):199–204. doi: 10.1111/jpc.14162

25. Nagin, DS. Analyzing developmental trajectories: a semiparametric, group-based approach. psychol Methods (1999) 4(2):139. doi: 10.1037/1082-989X.4.2.139

26. Jung, T, and Wickrama, KA. An introduction to latent class growth analysis and growth mixture modeling. Soc Pers Psychol compass (2008) 2(1):302–17. doi: 10.1111/j.1751-9004.2007.00054.x

27. Group WMGRS, and de Onis, M. WHO child growth standards based on length/height, weight and age. Acta paediatrica (2006) 95:76–85.

28. Muthén, LK, and Muthén, B. Multilevel modeling with latent variables using mplus. California: Physiology (2007).

29. Nylund, KL, Asparouhov, T, and Muthén, BO. Deciding on the number of classes in latent class analysis and growth mixture modeling: A Monte Carlo simulation study. Struct equation modeling: A Multidiscip J (2007) 14(4):535–69. doi: 10.1080/10705510701575396

30. De Onis, M. World health organization child growth standards. Biol First 1,000 Days (2017) 1:17–32. doi: 10.1201/9781315152950-2

31. Shi, H, Yang, X, Wu, D, Wang, X, Li, T, Liu, H, et al. Insights into infancy weight gain patterns for term small-for-gestational-age babies. Nutr J (2018) 17(1):1–9. doi: 10.1186/s12937-018-0397-z

32. Liu, X, Luo, B, Peng, W, Xiong, F, Yang, F, and Wu, J. Factors affecting the catch-up growth of preterm infants after discharge in China: a multicenter study based on the health belief model. Ital J Pediatr (2019) 45(1):87. doi: 10.1186/s13052-019-0674-2

33. Sivakumar, S, Arunprasath, TS, and Ramanan, PV. Factors associated with catch-up growth in term, asymmetrical small-for-Gestational age infants in the first year of life. Rambam Maimonides Med J (2021) 12(4):e0029. doi: 10.5041/RMMJ.10452

34. Osuchukwu, OO, and Reed, DJ. Small for gestational age. In: StatPearls. Treasure Island (FL: StatPearls Publishing LLC (2022).

35. Addo, OY, Stein, AD, Fall, CH, Gigante, DP, Guntupalli, AM, Horta, BL, et al. Maternal height and child growth patterns. J Pediatr (2013) 163(2):549–54. doi: 10.1016/j.jpeds.2013.02.002

36. Adair, LS, Fall, CH, Osmond, C, Stein, AD, Martorell, R, Ramirez-Zea, M, et al. Associations of linear growth and relative weight gain during early life with adult health and human capital in countries of low and middle income: findings from five birth cohort studies. Lancet (2013) 382(9891):525–34. doi: 10.1016/S0140-6736(13)60103-8

37. Hofi, L, Flidel-Rimon, O, Hershkovich-Shporen, C, Zaharoni, H, and Birk, R. Differences in growth patterns and catch up growth of small for gestational age preterm infants fed on fortified mother's own milk versus preterm formula. Br J Nutr (2022) 24:1–24. doi: 10.1017/S0007114522000599

38. Sepúlveda-Valbuena, N, Nieto-Ruiz, A, Diéguez, E, Herrmann, F, Escudero-Marín, M, De-Castellar, R, et al. Growth patterns and breast milk/infant formula energetic efficiency in healthy infants up to 18 months of life: the COGNIS study. Br J Nutr (2021) 126(12):1809–22. doi: 10.1017/S000711452100057X

39. Martin, CR, Ling, PR, and Blackburn, GL. Review of infant feeding: Key features of breast milk and infant formula. Nutrients (2016) 8(5):279. doi: 10.3390/nu8050279

40. Santiago, ACT, Cunha, L, Costa, ML, Lyra, PPR, Oliveira, PR, Conceição, GCD, et al. Cardiometabolic evaluation of small for gestational age children: protective effect of breast milk. Nutr Hosp (2021) 38(1):36–42. doi: 10.20960/nh.03267

41. Carr, LE, Virmani, MD, Rosa, F, Munblit, D, Matazel, KS, Elolimy, AA, et al. Role of human milk bioactives on infants' gut and immune health. Front Immunol (2021) 12:604080. doi: 10.3389/fimmu.2021.604080

42. Kemp, MW, Kallapur, SG, Jobe, AH, and Newnham, JP. Obesity and the developmental origins of health and disease. J paediatrics Child Health (2012) 48(2):86–90. doi: 10.1111/j.1440-1754.2010.01940.x

43. Gillman, MW, Oakey, H, Baghurst, PA, Volkmer, RE, Robinson, JS, and Crowther, CA. Effect of treatment of gestational diabetes mellitus on obesity in the next generation. Diabetes Care (2010) 33(5):964–8. doi: 10.2337/dc09-1810

44. Druet, C, Stettler, N, Sharp, S, Simmons, RK, Cooper, C, Davey Smith, G, et al. Prediction of childhood obesity by infancy weight gain: an individual-level meta-analysis. Paediatric perinatal Epidemiol (2012) 26(1):19–26. doi: 10.1111/j.1365-3016.2011.01213.x

45. Rotevatn, TA, Overgaard, C, Melendez-Torres, G, Mortensen, RN, Ullits, LR, Høstgaard, AMB, et al. Infancy weight gain, parental socioeconomic position, and childhood overweight and obesity: a Danish register-based cohort study. BMC Public Health (2019) 19(1):1–13. doi: 10.1186/s12889-019-7537-z

46. Cho, WK, and Suh, B-K. Catch-up growth and catch-up fat in children born small for gestational age. Korean J Pediatr (2016) 59(1):1. doi: 10.3345/kjp.2016.59.1.1

47. Stettler, N, Zemel, BS, Kumanyika, S, and Stallings, VA. Infant weight gain and childhood overweight status in a multicenter, cohort study. Pediatrics (2002) 109(2):194–9. doi: 10.1542/peds.109.2.194

48. Stettler, N, Kumanyika, SK, Katz, SH, Zemel, BS, and Stallings, VA. Rapid weight gain during infancy and obesity in young adulthood in a cohort of African americans. Am J Clin Nutr (2003) 77(6):1374–8. doi: 10.1093/ajcn/77.6.1374

49. Hui, L, Schooling, CM, Leung, SSL, Mak, KH, Ho, LM, Lam, TH, et al. Birth weight, infant growth, and childhood body mass index: Hong kong's children of 1997 birth cohort. Arch Pediatr Adolesc Med (2008) 162(3):212–8. doi: 10.1001/archpediatrics.2007.62

50. Stettler, N, Stallings, VA, Troxel, AB, Zhao, J, Schinnar, R, Nelson, SE, et al. Weight gain in the first week of life and overweight in adulthood: a cohort study of European American subjects fed infant formula. Circulation (2005) 111(15):1897–903. doi: 10.1161/01.CIR.0000161797.67671.A7

51. Gillman, MW. The first months of life: a critical period for development of obesity. Am J Clin Nutr (2008) 87(6):1587–9. doi: 10.1093/ajcn/87.6.1587

52. Picó, C, Reis, F, Egas, C, Mathias, P, and Matafome, P. Lactation as a programming window for metabolic syndrome. Eur J Clin Invest (2021) 51(5):e13482. doi: 10.1111/eci.13482



Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Li, Lu, Qie, Feng, He, Yang and Yang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fendo-13-1030216-g002.jpg
Weight-for-age Z-score

At birth

4 months

8 months

12 months

24 months

Class 1: 10.9%

. Class 2: 17.9%

Class 3: 53.0%
Class 4: 13.4%
Class 5: 4.8%





OEBPS/Images/fendo.2022.1030216_cover.jpg
’ frontiers | Frontiers in Endocrinology

Early-life weight gain patterns
of term small-for-gestational-age
infants and the predictive
ability for later childhood
overweight/obesity: A
prospective cohort study





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Early-life weight gain patterns of term small-for-gestational-age infants and the predictive ability for later childhood overweight/obesity: A prospective cohort study

      

        		

          Objectives

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusions

        



        		

          Introduction

        



        		

          Methods

        

          		

            Study design and subjects

          



          		

            Measurements

          



          		

            Growth trajectory

          



          		

            Statistical analysis

          



        



        



        		

          Results

        



        		

          Discussion

        

          		

            Limitations and prospects

          



        



        



        		

          Conclusion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          Supplementary material

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fendo-13-1030216-g004.jpg
Sensitivity

0.0

0.2

AUC: 0.719 (0.629, 0.809)

04 0.6 0.8 1.0

1-Specificity





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





OEBPS/Images/fendo-13-1030216-g001.jpg
Included 1095 term SGA newborns and
18,520 anthropometric measurements

1064 term SGA newborns and 17,584
anthropometric measurements

495 term SGA newborns and 6,502

anthropometric measurements

495 term SGA newborns and 6,435
anthropometric measurements

296 term SGA newborns and 5,624
anthropometric measurements

Excluded 31 non-singleton newborns

Included term SGA newborns with
available both length and weight at birth,
4mo (3-5mo), 8mo (6-9mo), 1y (10-14mo)

and 2y (21-26mo)

Excluded unreasonable measurements
With any one HAZ < -5 or HAZ > 5, WAZ < -
50rWAZ>5,BAZ<-50rBAZ>5

Included term SGA newborns with
available both height and weight at 2-5y
(27mo-62mo)






OEBPS/Images/table1.jpg
Class 1 (ERCG)

Number of children, n (%) 32 (10.8)
Male, n (%) 15 (46.9)
Birthweight, kg 2.55+0.24
Birthweight Z score -1.58+0.85
Birthweight categories, n (%)

BW<2.5kg 11 (34.3)

2.5kg < BW<3kg 21 (65.7)
Gestation, wk. 39.00£1.21

Gestation categories, n (%)

Early term 11 (34.4)
(37 wk. < GA<40 wk.)
Late term 21 (65.6)

(40 wk. < GA<42 wk.)
Born type, n (%)

Natural delivery 6 (18.8)
Cesarean 26 (81.2)
Gravidity, n 1.2040.63
Parity, n 1.00+0.00
Maternal height, centimeters 162.02+5.44
Paternal height, centimeters 174.19£6.74
Maternal BMI, kg/m* 21.19+3.02
Paternal BMI, kg/m’ 23.55+2.34
Feeding patterns between 0~4 mo
Breast milk, n (%) 11 (35.6)
Mixed feeding, n (%) 15 (46.7)
Formula, n (%) 86 (17.8)
AWAZ degrees between 4 mo. and birth, n (%)
AWAZ <-0.67 0 (0.0)
—-0.67 < AWAZ< 0.67 0 (0.0)
0.67 < AWAZ<1.28 1(3.1)
AWAZ > 1.28 31 (96.9)
Adverse growth outcomes, n (%)
Overweight/ obesity 8 (25.0)
Malnutrition 0 (0.0)

Class 2 (RCG)

53 (17.9)
21 (39.6)
2.54%0.23
-1.49+0.49

22 (41.5)
31 (58.5)
39.02¢1.28

19 (35.8)

34 (64.2)

20 (37.7)
33 (62.3)
1.30+0.82
1.04+0.19
162.23+5.58
172.60+5.35
20.7742.93
24.30£3.27

23 (43.4)
21(39.6)
9 (17.0)

0(0.0)

0(0.0)

9 (17.0)
44 (83.0)

7(13.2)
1(1.9)

Class 3 (ACG)

157 (53.0)
78 (49.7)
25120.24
-1.56+0.50

67 (42.7)
90 (57.3)
38.88+1.21

58(36.9)

99 (63.1)

52(33.1)
105 (66.9)
1.41+0.81
1.0740.26
159.67+4.85
171.60£5.17
21.10£2.55
23.83+2.57

62 (39.7)
69 (44.1)
25(16.2)

0(0.0)
23 (14.7)
52 (33.1)
82 (52.2)

14 (8.9)
5(3.2)

Class 4 (SCG)

40 (13.5)
19 (47.5)
245£0.22
-1.68+0.47

19 (47.5)
21 (52.5)
38.64£1.15

18 (45.0)

22 (55.0)

11 (27.5)
29 (72.5)
1.30£0.63
1.09£0.29
159.29+4.65
170.62+5.25
20.82+3.42
22.80+3.58

18 (45.4)
15 (37.8)
7 (16.8)

1(25)
20 (50.0)
13 (32.5)
6 (15.0)

1(2.5)
6 (15.0)

Class 5 (NCG)

14 (47)
7 (50.0)
231£0.26
-1.99+0.53

11 (78.6)
3(21.4)
38.28+1.13

8(57.1)

6 (42.9)

4(28.6)
10 (71.4)
147£1.10
1.14+0.48
158.64+4.82
171.89+4.73
20.75+2.84
22.81+2.75

6(39.3)
7 (46.4)
2(14.3)

2(14.3)
9 (64.3)
3(21.4)
0 (0.0)

0 (0.0)
5(35.7)

P value

0.49
<0.01
<0.01

<0.01

<0.01

<0.01

0.34

0.13

<0.01
<0.05

0.88
<0.05

0.964

<0.01

ERCG, excessively rapid catch-up growth; RCG, rapid catch-up growth; ACG, appropriate catch-up growth; SCG, slow catch-up growth; NCG, almost no catch-up growth; BW,

birthweight; AWAZ, AWeight-for-age Z-score degrees.





OEBPS/Images/fendo-13-1030216-g003.jpg
BMI-for-age Z-score

Class 1

Class 2

Class 3

Class 4

Class 5





