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Objective: This study aimed to assess the growth of full-term infants with different sizes at birth and examine catch-up and catch-
down growth in their first year.

Methods: This retrospective population-based cohort study was based on the Guangdong Provincial Women and Children Health
Information System. 194797 full-term singleton live births were extracted. Measurements for weight and length were taken at birth, 6
months, and 12 months. The size-for-gestational age was categorized as small (SGA, <10th centile), appropriate (AGA, 10th-90th
centiles), or large (LGA, >90th centile) based on the international newborn size for gestational age and sex INTERGROWTH-21st
standards. Catch-up and catch- down growth were defined as a change in standard deviation in z-score greater than 0.67 in the growth
curves.

Results: Of the 194797 full-term singletons, the average gestational age was 39.28 + 1.03 weeks, and the average weight of the
newborns was 3205 + 383 grams. 15632 infants were identified as SGA (8.0%) and 12756 were LGA (6.5%). At 1 year of age, catch-
up growth in weight was observed in 63.0% of SGA infants, 29.5% of AGA infants, and 5.4% of LGA infants. Conversely, catch-
down growth occurred in 3.3% of SGA infants, 17.8% of AGA infants, and 54.7% of LGA infants. The proportions of catch-up
growth in length for SGA, AGA, and LGA infants within the first year were 31.4%, 22.5%, and 17.1%, respectively. Catch-up or
catch-down growth predominantly occurred before 6 months of age. However, from 6 to 12 months, there was no significant variation
in WAZ among children with different birth sizes.

Conclusion: In their first year of life, full-term singleton live births tend towards regression to the mean in their postnatal weight and
length. The average delay in the growth of LGA is compensated by an increase in it of the SGA. Early monitoring and intervention are
crucial for optimizing growth in infants with different birth sizes.
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Introduction

Growth during the first year of life is a critical indicator of overall health and development in infants,' reflecting the
complex interplay between nutrition, genetics, hormones, and environmental factors. Early life, especially infancy, is
a period of rapid brain and neurodevelopment and a critical window for rapid weight gain.? Even faster weight gain or
short-term growth decelerations during this crucial period may have long-term effects on organ development and
function.> The association between size for gestational age and subsequent growth status has been extensive research,
as it provides valuable insights into the long-term health outcomes of infants.*® Both small for gestational age (SGA;
birth weight < 10th percentile for gestational age) and large for gestational age (LGA; birth weight > 90th percentile) at
birth are linked to increased neonatal morbidity and mortality risks.®® Tt has been observed that approximately 80% of
infants classified as SGA show a notable positive growth response,’ contrasting with the potential occurrence of a distinct
“catch-down growth ” in infants born LGA.'® The interaction between birth weight and early growth has significant
implications, as it contributes to the subsequent risk of obesity and metabolic disease in later life.'""'? In addition, there is
significant variation in rates of weight gain during the initial 1-2 years of life, and the growth status of infants can vary
across different regions. Each region may have unique growth patterns influenced by various factors such as genetic
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predisposition, environmental conditions, cultural practices, and dietary habits.'>'> Currently, for infants with different
birth weights, no consistent ideal growth curves target is well established. Moreover, there is a lack of comprehensive
large-scale data specifically focused on the growth patterns of infants in the southern region of China. In this study, we
aimed to examine infant catch-up and catch-down growth status using a population-based study. Systematic analyses of
growth status were conducted between different birth weight groups and growth during the first year of life in southern
China. It is hoped that by analyzing infant growth patterns through large-sample and real-world population cohorts, more
clinical evidence can be accumulated for further child health intervention strategies.

Methods
Study Design and Data

A retrospective population-based cohort study was performed to assess the growth status in subjects born different sizes
for gestational age during the first year of life. The data were obtained from the Guangdong Provincial Women and
Children Health Information System, which collects information on mothers, newborns and regular health care from
medical institutions in region of Guangdong, China.'® Maternal age, mode of delivery, gestational age at delivery,
newborn sex, as well as weight and length measurements were extracted from the Guangdong Provincial Women and
Children Health Information System. Measurements for weight and length were taken at birth, 6 months, and 12 months.
The newborn birth weight and length were measured by obstetric medical staff. The weight and length at the ages of 6
and 12 months were measured by well-trained staff in community health centers. This study excluded multiple births,
premature births (< 37 weeks of gestation age), and infants with congenital abnormalities. 194797 full-term singleton live
births from January to December 2020 with complete information were included in our study.

Ethical Statement

Ethical approval for this study was obtained from the Medical Ethics Committee at Guangdong Women and Children
Hospital (No. 202301234), which was conducted in accordance with the Declaration of Helsinki. The surveillance data
utilized in this study were anonymized data sets, with all personally identifiable information removed. Consequently, the
Medical Ethics Committee deemed the study exempt from the requirement of obtaining informed consent.

Definition of Birth Size for Gestational Age

The INTERGROWTH-21st gender-specific standards was used to define the categories of SGA, appropriate for
gestational age (AGA), and LGA based on birthweight at each gestational week.'” SGA was defined as birthweight
below the 10th percentile for gestational age, while AGA encompassed birthweight between the 10th and 90th
percentiles. LGA was categorized as birthweight above the 90th percentile for boys and girls, respectively.

Definition of Growth Status

The main outcomes of infant growth in this study were assessed using the World Health Organization (WHO) international
growth reference, specifically weight-for-age z-score (WAZ) and length-for-age z-score (LAZ) at 6 months and 12 months.
Changes in WAZ and LAZ scores between birth and 6 months were calculated for weight and length (scores at 6 months
minus scores at birth), and similarly, between birth and 12 months were calculated for weight and length (scores at 12
months minus scores at birth). The catch-up and catch-down growth were defined as a substantial change exceeding 0.67
standard deviation (SD) scores from birth to either 6 months or 1 year of age.'® A weight gain exceeding 0.67 SD scores was
considered as clinically significant catch-up growth, as each 0.67 SD scores delineates the span of a percentile band on
standard growth charts—from the second to ninth percentile, ninth to 25th percentile, 25th to 50th percentile, and so forth.
Conversely, a reduction in weight SD scores by more than 0.67 SD scores indicated catch-down growth. This approach was
adopted due to the fact that a change in weight SD score of 0.67 SD scores signifies the breadth of each percentile band on
standard growth charts, highlighting substantial catch-up or catch-down growth.'®'® 2 We considered underweight as
a WAZ below —2 and stunting as a LAZ below —2.
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Statistical Analysis

Anthropometric measurements and covariate data were stratified into SGA, AGA, and LGA groups. Group comparisons
were conducted using analysis of variance (ANOVA) and y* tests for continuous and categorical variables, respectively.
Continuous variables were presented as mean + SD, while categorical variables were reported as percentages (%). Data
analysis was performed using the SPSS statistical software package (V26, IBM Statistics, Chicago, IL, USA). P <0.05
was considered to be the threshold for statistical significance in analyses.

Results

The characteristics of the study subjects are presented in Table 1. Of the 194797 full-term singletons, the average
gestational age was 39.28 + 1.03 weeks, and the average weight of the newborns was 3205 + 383 grams. 15632 (8.0%)
were SGA and 12756 (6.5%) were LGA. Mothers of SGA infants had a relatively younger age compared to AGA and
LGA mothers. The proportion of late-term infants (41-42 weeks) classified as SGA is relatively higher compared to
LGA. At | year of age, 63.0% of SGA infants showed catch-up growth in weight, while 3.3% of SGA infants
experienced catch-down growth. Among AGA infants, 29.5% showed catch-up growth in weight, and 17.8% experienced
catch-down growth. Additionally, 5.4% of LGA infants exhibited catch-up growth in weight, while 54.7% experienced
growth deceleration. The proportions of catch-up growth in length for SGA, AGA, and LGA infants within the first year
were 31.4%, 22.5%, and 17.1%, respectively (Table 2).

Figure 1 displays that SGA infants had lower WAZ than AGA and LGA infants at 6 and 12 months. SGA infants
showed quick recovery, reaching a mean WAZ at 6 months. Regression to the mean may explain part of the SGA
recovery, especially the notable increase in WAZ from birth to 6 months (AWAZ, 0.32 + 1.01). However, from 6 to 12
months, there was no substantial variation in WAZ among children with different birth sizes (Figure 2). Among the three
groups, the SGA group had the highest proportion of underweight at both 6 months (3.9% underweight) and 12 months
of age (6.6% underweight), significantly higher than the AGA (0.8% at 6 months; 1.5% at 12 months) and LGA groups

Table | The Characteristics of the Study Subjects

Variables SGA AGA LGA Total P-value
(n=15632) (n=166409) (n=12756) (n=194797)

Maternal Age (years) 26.86 + 4.61 27.76 + 4.7 29.18 + 491 27.78 + 4.73 <0.001%
18-23 3823 (24.5) 30,612 (18.4) 1522 (11.9) 35,957 (18.5) <0.001°
24-29 7826 (50.1) 81,890 (49.2) 5518 (43.3) 95,234 (48.9)

30-35 3255 (20.8) 42,844 (25.7) 4325 (33.9) 50,424 (25.9)
3641 667 (4.3) 10,237 (6.2) 1270 (10.0) 12,174 (6.2)
242 6l (0.4) 826 (0.5) 121 (0.9) 1008 (0.5)

Mode of Delivery
Vaginal 11988 (76.7) 122,910 (73.9) 7137 (56.0) 142,035 (72.9) <0.001°
Cesarean 3644 (23.3) 43,499 (26.1) 5619 (44.0) 52,762 (27.1)

Gestational Age at Delivery (Weeks) 39.48 + 1.05 39.27 £ 1.02 39.22 + 1.02 39.28 + 1.03 <0.001%
37-38 2860 (18.3) 39,144 (23.5) 3179 (24.9) 45,183 (23.2) <0.001°
3940 10,110 (64.7) 107,442 (64.6) 8175 (64.1) 125,727 (64.5)

41-42 2662 (17.0) 19,823 (11.9) 1402 (11.0) 23,887 (12.3)

Newborn Sex
Male 7902 (50.6) 89,441 (53.7) 7003 (54.9) 104,346 (53.6) <0.001°
Female 7730 (49.4) 76,968 (46.3) 5753 (45.1) 90,451 (46.4)

Birth Weight (g) 2590 £ 206 3206 + 296 3941 £ 193 3205 + 383 <0.001*

Z Score for Birth Weight —1.60 £ 0.51 —0.20 + 0.63 1.28 + 0.36 -0.22 + 0.82 <0.001%

Birth Length (cm) 483 £ |.5 498 + 1.2 513+1.2 498+ 1.3 <0.001%

Z Score for Birth Length —0.63 + 0.80 0.16 + 0.62 0.94 £ 0.62 0.14 £ 0.70 <0.001%

Notes: “The data is presented as mean + standard deviation, and the differences were tested using analysis of variance (ANOVA). The data is presented as
frequency (%), and the group comparisons were conducted using x> tests.
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Table 2 Weight and Length Growth Status at 6 and 12 Months

Variables SGA (n=15632) | AGA (n=166409) | LGA (n=12756) | P-value
AWAZ Between Birth and 6 Months
AWAZ < —0.67 461 (3.0) 25,625 (15.4) 5883 (46.1) <0.001
—0.67 < AWAZ < 0.67 5195 (33.2) 82,405 (49.5) 5427 (42.5)
AWAZ > 0.67 9976 (63.8) 58,379 (35.1) 1446 (11.4)
AWAZ Between Birth and 12 Months
AWAZ < —0.67 514 (3.3) 29,719 (17.8) 6983 (54.7) <0.001
—0.67 < AWAZ < 0.67 5276 (33.7) 87,644 (52.7) 5086 (39.9)
AWAZ > 0.67 9842 (63.0) 49,046 (29.5) 687 (5.4)
ALAZ Between Birth and 6 Months
ALAZ < —0.67 3850 (24.6) 42,072 (25.3) 3914 (30.7) <0.001
—0.67 < ALAZ < 0.67 6699 (42.9) 82,229 (49.4) 6050 (47.4)
ALAZ > 0.67 5083 (32.5) 42,108 (25.3) 2792 (21.9)
ALAZ Between Birth and 12 Months
ALAZ < —0.67 4095 (26.2) 51,646 (31.0) 5063 (39.7) <0.001
—0.67 < ALAZ < 0.67 6628 (42.4) 77,413 (46.5) 5509 (43.2)
ALAZ > 0.67 4909 (31.4) 37,350 (22.5) 2184 (17.1)

Notes: AWAZ, changes in weight-for-age z-score between birth and 6 months were calculated for weight scores at 6 months minus
scores at birth, and similarly, between birth and 12 months were calculated for weight scores at 12 months minus scores at birth. ALAZ,
changes in length-for-age z-score between birth and 6 months were calculated for length scores at 6 months minus scores at birth, and
similarly, between birth and 12 months were calculated for length scores at 12 months minus scores at birth. P-value, the group
comparisons were conducted using y tests.

(0.2% at 6 months; 0.4% at 12 months). Similarly, regarding stunting, the SGA group had the highest proportion of
stunting at both 6 months and 12 months of age (Table 3).

Discussion

Infants with different birth weights, often exhibit distinct growth patterns in early life.”! Understanding these growth
dynamics is crucial for identifying potential risk factors and implementing appropriate interventions. In this study, we
explored the growth patterns of SGA, AGA, and LGA infants within the first year of life and investigated the occurrence
of catch-up and deceleration growth.

In line with previous studies using the INTERGROWTH-21st birth weight standards, we observed an SGA
prevalence of 8.0% and an LGA prevalence of 6.5% among full-term singleton infants. These findings are similar
with research conducted in China, employing the INTERGROWTH-21st birth weight standards, which reported
comparable proportions for SGA and LGA classifications.”>**> Moreover, we observed that mothers of SGA infants
tended to be younger compared to AGA and LGA mothers, suggesting a potential association between maternal age and
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Figure | Weight for age z-score by birth size and age (SGA, small for gestational age; AGA, appropriate for gestational age; LGA, large for gestational age; WAZ, weight-for-
age z-score).
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Figure 2 Weight for age z-score changes by birth size (SGA, small for gestational age; AGA, appropriate for gestational age; LGA, large for gestational age; WAZ, weight-for-
age z-score).

the risk of SGA infants. Maternal age is a crucial factor influencing pregnancy outcomes, particularly among extreme age
groups, such as young and older mothers, where this association may involve multiple factors.** 2 Young mothers might
lack adequate nutritional knowledge or be unable to access the necessary nutrients due to economic or social reasons,
potentially leading to fetal growth restriction. Additionally, young mothers might be more susceptible to adverse lifestyle
influences, such as unhealthy diets and smoking, which are known risk factors for SGA. Socioeconomic factors also play
a role; young mothers may have less access to high-quality medical care and support.?’

Regarding growth patterns, Osamu et al examined current evidence regarding the association between early rapid growth and
the risk of future obesity and cardiometabolic issues, focusing on the distinct implications of accelerated weight gain in infancy
and early childhood.”® They suggest the importance of monitoring childhood growth patterns, particularly in the early stages
before 1 year of age, as it may be linked to future obesity trends. We found that at 1 year of age, a substantial proportion of SGA
infants (63.0%) showed catch-up growth in weight, indicating a recovery from their initial growth restriction. However, a small
proportion of SGA infants (3.3%) experienced catch-down growth, suggesting persistent growth impairment. The definitions of
early catch-up and catch-down growth remain variability, often determined by percentile or SD scores to identify significant
growth changes.'? These definitions span age intervals from infancy to young adulthood, with the most pronounced variations in
growth velocity typically observed within the initial year of life. In studies related to obesity, rapid growth is commonly defined
as a WAZ change exceeding 0.67 SD between two different childhood ages.'® Our research according to this methodology, the
results consistent with prior studies. Notably, up to 90% of SGA children experience catch-up growth by age 2, while catch-down
growth is observed in 29-81% of LGA children.””*° Among preterm infants, about 80% of late preterm and SGA infants showed
catch-up growth in weight at 6 months of corrected age.*' Additionally, our study revealed that a significant proportion of LGA
infants (54.7%) experienced growth deceleration. This suggests that despite their initial larger birth weight, these infants
exhibited a trajectory towards returning to a normalization process. It is worth noting that a certain proportion of LGA infants

Table 3 The Prevalence of Underweight and Stunting During the First Year

Variables SGA (n=15632) | AGA (n=166409) | LGA (n=12756) | P-value
At 6 Months
Not Underweight (WAZ 2 -2) 15,020 (96.1) 165,138 (99.2) 12,734 (99.8) <0.001
Underweight (WAZ < -2) 612 (3.9) 1271 (0.8) 22 (0.2)
Not Stunted (LAZ = -2) 14,544 (93.0) 163,502 (98.2) 12,665 (99.3) <0.001
Stunted (LAZ < -2) 1088 (7.0) 2907 (1.8) 91 (0.7)
At 12 Months
Not Underweight (WAZ 2 -2) 14,594 (93.4) 163,927 (98.5) 12,704 (99.6) <0.001
Underweight (WAZ < -2) 1038 (6.6) 2482 (1.5) 52 (0.4)
Not Stunted (LAZ = -2) 14,677 (93.9) 163,576 (98.3) 12,681 (99.4) <0.001
Stunted (LAZ < -2) 955 (6.1) 2833 (1.7) 75 (0.6)

Note: P-value, the group comparisons were conducted using X tests.
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(5.4%) showed accelerated growth. This finding raises concerns regarding the long-term implications of this subgroup of LGA
infants. Numerous studies have established a link between excessive growth and long-term health outcomes.'"'* Consistent with

previous studies,***

the observation of catch-up or catch-down growth occurring primarily before 6 months of age suggests
a critical period for intervention to support optimal growth. Analyzing the prevalence of underweight and stunting, we found that
the SGA group had the highest proportion of infants who were underweight and stunted at both 6 months and 12 months of age.
This indicates that these infants may face challenges in achieving appropriate growth. Identifying the higher prevalence of
underweight and stunting in the SGA group highlights the importance of addressing their specific nutritional needs and providing
appropriate support for optimal growth. Healthcare professionals and caregivers should closely monitor the growth and
development of SGA infants, ensuring that they receive adequate nutrition and interventions to promote catch-up growth and
minimize the long-term effects of underweight and stunting.

Although there have been numerous studies on the relationship between birth weight and child growth patterns, our
study further confirmed the significant differences in growth status within the first year of life among infants with
different birth sizes. The strengths of our study are that it includes a large sample size and employs a longitudinal design.
However, our study still has a few limitations that should be acknowledged. Firstly, the generalizability of the findings
may be limited due to the specific characteristics of the sample population. Our study is the regional focus on the
southern region of China. This geographical restriction may affect the generalizability of our findings to other regions or
populations with different characteristics. Secondly, our retrospective study primarily focused on the growth status and
characteristics of SGA, AGA and LGA infants, but information regarding exclusive breastfeeding and the economic
status of the parents was not collected in our database. As a result, the control of variables was limited, and there were
some confounding factors that could not be effectively controlled. Another limitation is the relatively short follow-up
duration of only 1 year. Longer-term follow-up is necessary to assess the persistence of growth patterns and potential
associated health outcomes, such as metabolic disorders or cognitive development.

Conclusions

In conclusion, our study provides valuable insights into the growth status of infants with different birth sizes in southern
China. SGA infants primarily exhibit catch-up growth, predominantly occurring before 6 months of age. AGA infants
maintain stable growth patterns throughout the first year of life, while more than half of LGA infants show catch-down
growth. These findings emphasize the importance of early monitoring and intervention to support optimal growth in
infants with different birth sizes.
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