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Abstract
Background: The rate of full-term small for gestational age (SGA) infants is rising worldwide. This study aimed to investigate the catch-up growth pattern of
singleton full-term SGA infants in the �rst of the year.

Methods A single-center retrospective study assessed singleton full-term SGA infants was admitted to the Department of Child Health Care, Chongqing Health
Center for Women and Children from August 2015 to December 2018. Weight, length and head circumference were measured at birth, 1 month, 3 months, 6
months and 12 months of age. The Z-score was evaluated.

Results A total 210 SGA infants were included in this study. Boys (n=90) and girls (n=120) showed comparable gestational ages, and birth weights and
lengths. Weight, length and head circumference in SGA infants of all age groups were increased, with the fastest growth stage from birth to 3 months. The
speeds of weight and head circumference catch-up were higher than that of body length. Birth length was not related to parents' heights in both genders. At 12
months, there were signi�cant associations of body length with father’s height, mother’s height and parents’ heights in boys; in girls, body length showed
associations with mother’s height and parents' heights.

Conclusions Full-term SGA infants grow rapidly after birth, with the fastest growth rate in the �rst three months as examined by weight, length and head
circumference. Within 12 months after birth, catch-up was better for weight compared with length. Finally, body length in SGA infants was positively correlated
with the parents' heights at 12 months.

Background
Small for gestational age (SGA) is a term used to characterize newborns whose birth weight is below the 10th percentile of the birth weight or less than 2
standard deviations from the average birth weight of the same gestational age and sex[1, 2]. SGA infants are classi�ed into the constitutionally normal infants
and those that underwent growth restriction[3, 4]. The �rst group of infants show normal birth weight below the 10th percentile due to inherent parameters,
including maternal height and/or weight, ethnicity and parity, with no elevated risk of perinatal mortality or morbidity[5]. The second group includes infants
with fetal growth restriction (FGR), which is not synonymous with SGA although these two terms are commonly employed interchangeably[6].

A 2010 survey reported about 32.4 million SGA infants born in 138 low- and middle-income nations, representing 27% of all livebirths, including 10.6 million
full-term babies[7]. According to the above report, China had an incidence of SGA approximating 6.5%, ranking �fth among the examined countries[7]. Another
survey performed in China showed that 9.10%-10.13% of infants are SGA, with a mortality rate of 2.45%, which is signi�cantly higher than the overall neonatal
mortality rate (1.20%) recorded in the same period[8].

Based on the high incidence of SGA, special attention should be paid to this pathology. The risk factors for and complications of SGA are well-studied. For
example, SGA causes neonatal hypoglycemia and hyperbilirubinemia, and it was suggested that perinatal monitoring and antenatal care should be
strengthened to decrease SGA incidence and perinatal complications[9]. However, it remains unclear whether and when SGA infants can show growth catch-
up. Therefore, the present study aimed to investigate the catch-up growth pattern of singleton SGA infants within 12 months after birth. The results revealed
that full-term SGA infants grow rapidly after birth, especially in the �rst three months. In addition, catch-up was better for weight compared with length in the
�rst year of life in SGA infants.

Methods

Study design and participants
This study retrospectively assessed singleton full-term newborns with SGA based on the 2013 FENTON curve[10] in the Department of Child Health Care,
Chongqing Health Center for Women and Children from August 2015 to December 2018. Inclusion criteria were: (1) gestational age (GA) ≥ 37 weeks and < 42
weeks; (2) birth weight < 10th percentile in the same gender. Exclusion criteria were: (1) hereditary endocrine disease; (2) signi�cant obvious mental retardation;
(3) parents with a family history of mental, genetic and/or metabolic diseases.

This study was approved by the Ethics Committee of Chongqing Health Center for Women and Children and the requirement for informed consent was
waived.

Data Collection
The birth weights, lengths and gestational ages of the infants were obtained from medical birth certi�cates; weights, lengths and head circumferences were
measured during regular follow-up visits at the Child Health Care Department of Chongqing Maternal and Child Health Hospital.

All measurements were performed by two trained nurses in our department's measurement room. The weight was measured with a sitting and horizontal lever
scale at an accuracy of 10 g. Body length was measured with a standard measuring bed in the supine position at an accuracy of 0.1 cm. Head circumference
was assessed with a soft ruler at an accuracy of 0.1 cm.

Catch-up Growth Evaluation
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Catch-up growth was evaluated by measuring heights, weights, and head circumferences at the ages of 1, 3, 6, and 12 months, respectively, during the follow-
up period according to the 2006 World Health Organization Children’s Growth Standards[11].

Statistical analysis
The SPSS 15.0 statistical software (SPSS Inc., Chicago, IL, USA) was used for statistical analysis. Normally distributed continuous data were expressed as
mean ± standard deviation (SD), and assessed by t-test. Categorical variables were expressed as n (%), and compared by the chi-square test. Z-scores was
calculated, which equaled to (the measured values - mean)/SD. Pearson correlation analysis was performed to examine associations of height in full-term
SGA infants with those of their parents. P < 0.05 was considered statistically signi�cant.

Results

General birth conditions
Totally 210 full-term infants with a gestational age ≥ 37 weeks and < 42 weeks were SGA, including 90 males and 120 females. Average gestational age was
37.58 ± 0.84 weeks, with 37.43 ± 0.75 and 37.69 ± 0.89 weeks in boys and girls, respectively. Average birth weight was 2310 ± 170 g, with 2320 ± 178 and 2306 
± 176 g in boys and girls, respectively. Average length was 46.44 ± 1.71 cm, with 46.33 ± 1.76 and 46.51 ± 1.67 cm in boys and girls, respectively. The average
height of the fathers was 171.40 ± 5.12 cm, with 171.57 ± 4.58 and 171.22 ± 5.33 cm for boys and girls, respectively. The average height of the mothers was
158.51 ± 4.44 cm, with 158.31 ± 4.98 and 158.66 ± 3.40 cm for boys and girls, respectively. There were no statistically signi�cant differences in these values
between SGA boys and girls (Table 1).

Table 1
Birth statuses and parent heights of full-term infants of both genders

Subjects Boys

N = 90

Girls

N = 120

Total

N = 210

P

Average birth weight (g) 2297.07 ± 283.70 2306.38 ± 161.11 2306.3 ± 161.11 0.7

Average birth height (cm) 46.23 ± 1.76 46.52 ± 1.67 46.44 ± 1.71 0.43

Gestational age (week) 37.43 ± 0.75 37.69 ± 0.89 37.58 ± 0.84 0.11

Father's average height (cm) 171.57 ± 4.58 171.22 ± 5.33 171.40 ± 5.12 0.69

Mother's average height (cm) 158.31 ± 4.98 158.66 ± 3.40 158.51 ± 4.44 0.57

All data showed as mean ± SD.

Z scores
Next, average Z scores and Z value distributions of the study subjects were examined at 1, 3, 6, and 12-months for body length, weight, and head
circumference. All indicators steadily increased with age; full-term infants of both genders showed increased Z scores compared with the corresponding birth
values (Fig. 1).

The average Z scores   of various indicators in children of different ages all showed different rates of growth. As shown in Table 2, all indicators had the most
signi�cant growth in the �rst three months after birth. Both male and female babies showed faster increase in weight compared with length and head
circumference (Table 2).
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Table 2
Z-scores of different genders and ages, and their distributions

Age
(months)

Z score of weight Z score of length Z score of head circumference

M ± SD Mean Percentage% M ± 
SD

Mean Percentage% M ± SD Mean Per

<-2 -2-0 >0   <-2 -2-0 > 
0

    <-2

0 Male 1.79 
± 
0.63

-1.85 58(58.59) 0 0 -1.83 
± 
0.93

-2.00 47(52.22) 39(43.33) 4(4.44)   - -

Female 1.65 
± 
0.71

-1.79 79(65.83) 0 0 -1.39 
± 
0.90

-1.66 31(25.83) 88(73.33) 1(0.84)   - -

1 Male 1.47 
± 
0.65

-1.50 16(17.78) 73(81.11) 1(1.11) -1.71 
± 
0.98

-1.75 36(40.00) 52(57.78) 2(2.22) -0.81 
± 
0.90

-0.68 7(7

Female 1.10 
± 
0.74

-1.17 11(9.17) 99(82.50) 10(8.33) -1.26 
± 
0.81

-1.36 28(23.33) 84(70.00) 8(6.66) -0.85 
± 
2.45

-0.60 7(5

3 Male 0.64 
± 
0.93

-0.75 6(6.67) 63(70.00) 21(23.33) -1.09 
± 
1.13

-1.05 20(22.22) 53(58.88) 17(18.89) -0.66 
± 
1.06

-0.42 7(7

Female 0.52 
± 
0.73

-0.50 4(2.50) 86(71.67) 30(25.00) -0.88 
± 
0.94

-0.95 13(10.83) 88(73.33) 19(15.83) -0.63 
± 
0.86

-0.64 5(4

6 Male 0.49 
± 
0.93

-0.56 5(5.56) 58(64.44) 27(30.00) -1.01 
± 
0.94

-0.95 15(16.67) 62(68.89) 13(14.44) -0.60 
± 
1.03

-0.57 4(4

Female 0.39 
± 
0.81

-0.44 0(0) 81(67.50) 39(32.50) -0.59 
± 
0.85

-0.66 5(4.17) 90(75.00) 25(20.83) -0.45 
± 
0.85

-0.46 4(3

12 Male 0.50 
± 
0.79

-0.50 3(3.33) 53(58.89) 34(37.78) -0.99 
± 
1.05

-0.93 17(18.89) 57(63.33) 16(17.78) -0.53 
± 
0.99

-0.47 5(5

Female 0.33 
± 
0.74

-0.50 1(0.83) 81(67.50) 38(31.67) -0.55 
± 
0.58

-0.58 7(5.83) 81(67.50) 32(26.67) -0.36 
± 
0.85

-0.47 1(0

In this study, the Z scores distribution of the children at 1, 3, 6, and 12-month-old in body length, weight and head circumference were analyzed. The
percentage of full-term SGA infants at 0, 1, 3, 6 and 12 months, whose Z score < -2 were: boys: full-term SGA weights were (58.59%, 17.78%, 6.67%, 5.56%,
3.33%), body lengths were (52.22%, 40.00%, 22.22%, 16.67%, 18.89%) and head circumferences were (-, 7.78%, 7.78%, 4.44%, 5.55%) respectively; girls: full-
term SGA weights were (65.83%, 9.17%, 2.50%, 0%, 0.83%), the lengths were (25.83%, 23.33%, 10.83%, 4.17%, 5.83%) and the head circumferences were (-,
5.83%, 4.17%, 3.33%, 0.83%)(Table 2).

Associations of length and height in full-term SGA infants below 12 months of age with parents’ heights

Birth length in boys and girls was not correlated to parents’ heights (Fig. 2). At 12 months of age, Pearson correlation coe�cients between height in SGA boys
and father's, mother's and parents’ combined heights, respectively, were 0.397, 0.484, and 0.565, all of which were statistically signi�cant, indicating a
moderately strong correlation. Therefore, the greater the parents’ heights, the higher the boy's height at 12 months of age. In girls, Pearson correlation
coe�cients between the child height at 12 months and the mother’s and parents’ combined heights were 0.188 and 0.199, respectively, with statistical
signi�cance for these low correlations. These data indicated that the greater the mother’s or parents’ combined height, the higher girl’s height at 12 months of
age. There was no signi�cant correlation between the father’s height and girl’s height at the age of 12 months. These data are summarized in Table 3.
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Table 3
Associations of child’s body lengths with parents’ heights

    Father's height vs child's length Mother's height vs child's length Parent's height vs child's length

Birth length        

  Male -0.045(0.678) 0.038(0.720) -0.004(0.973)

  Female -0.068(0.462) 0.070(0.450) -0.011(0.908)

12-month-old        

Length Male 0.397(< 0.001) 0.484(< 0.001) 0.565(< 0.001)

  Female 0.149(0.108) 0.188(0.042) 0.199(0.031)

Note: Association was showed as “correlation coe�cient (P value)”

After categorizing the father’s, mother’s and combined parents’ heights (short, middle and tall groups, respectively), analysis of variance was performed to
assess potential differences in the heights of SGA infants at the age of 12 months. Among boys, there were signi�cant differences in father, mother, and
combined parents’ heights in all the above subgroups. However, no signi�cant differences were found among girls (Table 4).
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Table 4
Associations of body length of different genders with the heights of parents grouped by weight.

  Variables N 12-month-old

length

P value

Boys        

  Father's height (cm)     0.0045

  Short (≤ 166) a 11 71.78 ± 2.50  

  Middle (167 ~ 176) b 68 73.29 ± 2.34  

  Tall (≥ 177) b 11 75.20 ± 2.48  

  Mother’s height (cm)     < 0.0001

  Short (≤ 154) a 17 71.53 ± 2.47  

  Middle (155 ~ 162) b 55 73.38 ± 2.15  

  Tall (≥ 163) c 18 75.09 ± 2.39  

  Sum of parents’ height (cm)     < 0.0001

  Short (≤ 322) a 15 71.06 ± 2.49  

  Middle (323 ~ 337) b 61 73.28 ± 2.02  

  Tall (≥ 338) c 14 76.04 ± 1.89  

Girls        

  Father's height (cm)     0.1364

  Short (≤ 166) a 23 72.44 ± 2.43  

  Middle (167 ~ 176) b 79 72.30 ± 2.19  

  Tall (≥ 177) b 18 73.48 ± 2.22  

  Mother’s height (cm)     0.1035

  Short (≤ 154) a 16 72.36 ± 2.40  

  Middle (155 ~ 162) b 86 72.31 ± 2.29  

  Tall (≥ 163) c 18 73.55 ± 1.81  

  Sum of parents’ height (cm)     0.2108

  Short (≤ 322) a 22 72.14 ± 1.93  

  Middle (323 ~ 337) b 78 72.41 ± 2.33  

  Tall (≥ 338) c 20 73.29 ± 2.25  

a, b and c indicate that after signi�cance in analysis of variance, pairwise comparisons within the group was carried out. Different letters re�ect a
signi�cant difference in pairwise comparison; the same letter means no difference. All data showed as mean ± SD

Discussion
The present study demonstrated that full-term SGA infants grow rapidly upon birth, especially in the �rst three months of life. In addition, catch-up was better
for weight compared with length in the �rst year of life in SGA infants.

The de�nition of small for gestational age has been controversial so far. As a standard, this study used the INTERGROWTH-21st project, which assessed data
in 8 middle and high-income countries[12]. Although no statistically signi�cant differences were found among the 8 nations, using this standard in other
countries or regions may reveal differences. A study in Hong Kong, China[13] showed that when the INTERGROWTH-21st standard is employed to determine
birth weight in infants, the proportion of SGA infants is greatly increased compared with local standards. Therefore, a different diagnosis can be obtained for
the same baby just because of differences in diagnostic criteria. Although China established a birth weight curve for newborns with different gestational ages
in 2015[14], it is not convenient to determine full-term small-fetal weights at different gestational ages since these data do not provide a standard for length in
newborns based on gestational age. We assessed infant lengths within one year after birth, and the above standard was not appropriate for this study. In order
to de�ne SGA more reasonably in China, the birth weight and length curves of newborns of different gestational ages should be generated as soon as
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possible, so that clinicians can make a more accurate assessment of birth conditions in order to facilitate SGA diagnosis. This would improve future follow-up
and interventions.

Considering that the birth weights of twins are generally different from those of singletons, only singletons full-term SGA babies were examined according to
the INTERGROWTH-21st standard. It is challenging to assess birth head circumference. Therefore, we compared the birth lengths of 210 full-term infants with
matched sex and age, and found different Z scores distributions. As shown above, the percentages of boys and girls whose Z scores were less than − 2 were
higher than those of counterparts with Z scores below − 2. This indicates that de�ning SGA based on birth weight alone does not fully re�ect the intrauterine
development level. Therefore, the 2007 International Pediatric Endocrinology Society and the Growth Hormone Research Society[15], as well as the 2011 Latin
American Consensus[16] both adopted the following de�nition for SGA infants: newborns whose crown and heel lengths are 2SD lower than the average
values for newborns of the same gestational age. However, due to the low operability of body length measurement at birth, its accuracy is relatively lower
compared with weight assessment, making birth weight more clinically relevant. However, attention should be paid to the assessment of birth length in the
clinical evaluation of children under gestational age. We should also pay enough attention to those without low birth weight but showing birth length 2SD
lower than average, strengthening long-term follow-up.

Bocca-Tjeertes et al.[17]followed up full-term SGA infants, and found that catch-up growth is mainly completed during infancy. A prospective study with birth
weight ≤ 10th percentile of the same gestational age de�ned as SGA[18] found that 60% of full-term infants younger than gestational age complete catch-up
at 1 year of age. A study showed that the best growth trajectory for full-term SGA infants is to catch up to the 30th percentile in the �rst few months, and then
to a milder catch up speed, reaching the 50th percentile at the age of 7 years and maintaining that level[19]. This study performed a one-year follow-up
monitoring of the growth and development of 210 singleton full-term infants smaller than matched gestational age babies in the �rst year after birth, and
measured their 1, 3, 6, and 12-month-old body lengths, weights and head circumferences. Average Z scores for various indicators in full-term infants of both
genders after birth continuously increased at various months of age. Most SGA infants showed rapid growth. Although growth rates were different in both
genders, growth in the �rst three months was the most signi�cant in all infants. In addition, boys and girls both showed a faster increase in weight compared
with length and head circumference. The rates of body weights, lengths and head circumferences 2SDs below averages at 12 months of age were 1.90%,
10.48%, and 2.86%, respectively. This corroborated �ndings by Karlberg and Albertsson-Wikland[20]. Studies used weight, body length and head circumference
for evaluation, with catch-up growth de�ned as the corresponding physical index Z scores increasing by > 0.67[21]. Full-term SGA babies tend to have rapid
catch-up growth after birth. Although the de�nition of full-term SGA babies uses birth weight, the core of their catch-up growth lies in height. The international
consensus[22] de�nes catch-up growth as a growth rate (cm/year) greater than the median of children of the same age and sex; alternatively, the child’s length
(height) exceeding those of matched age and sex counterparts can be considered to reach catch-up growth at the 3rd percentile or -2 standard deviation. A
recent study by Shi et al.[23] demonstrated that in full-term SGA infants, catch-up growth is maintained at more than 2 cm in the �rst few months, from < P10
to P3 ~ P25-p50, with a median catch-up maintained until age 2. It may be optimal to catch up with such growth trajectory and minimize the risk of adverse
health consequences for children. Therefore, more attention should be paid to the length of full term SGA infants. Full term SGA infants have speci�c growth
and development patterns, and catch up growth within 6 months is independent of feeding patterns and average daily energy intake[24]. A 2006 WHO study in
developing and developed countries con�rmed that the nutritional needs of SGA infants are similar to those of counterparts with appropriate for gestational
age (AGA). Therefore, feeding strategies for children younger than gestational age should mainly be based on gestational age rather than birth weight; this
should not only promote moderate growth, especially linear growth, to ensure a good nervous system outcome, but also avoid overfeeding to reduce the risk of
long-term metabolic syndrome[25].

When assessing the growth level of children, the potential effects of genetic factors should be considered. In this study, body lengths at birth and 12 months
of age in full-term SGA infants of both genders were analyzed in relation to father’s, mother’s, and combined parents’ heights. As shown above, there was no
associations of birth length in boys and girls with father's height, mother's height, and combined parents’ heights. However, at the age of 12 months, Pearson
correlation coe�cients between height and father's, mother's and parents’ heights were 0.397, 0.484, and 0.565 in boys, respectively, with statistical
signi�cance, indicating that the parents’ heights affected child height. The greater the sum of parents’ heights, the higher the boy's height at 12 months of age.
Among girls, Pearson correlation coe�cients between child height and mother's and combined parents’ heights were 0.188 and 0.199, respectively, indicating
that the greater the mother's and combined parents’ heights, the greater the girl’s height at 12 months of age. This is consistent with the positive correlation
between the height of the offspring and those of parents in the normal population.

This study had limitations. First, its retrospective design carries inherent shortcomings. In addition, the sample size was relatively small, which may explain
why correlations between child and parents’ heights in full-term infants of both genders had different coe�cients. Finally, the study was performed in a single
institution, and the �ndings have limited generalizability.

Conclusions
In summary, the physical growth of full-term infants younger than gestational age within 1 year showed a catch-up pattern, with the �rst 3 months showing
the fastest rate. However, the catch-up speeds of weight and body length were not balanced in this study. These �ndings indicate that child height matters.
Therefore, in actual clinical work, the growth and development levels of full-term infants should be assessed based on developmental and genetic
characteristics. This is also the basis for developing improved individualized guidance and intervention.

Abbreviations
SGA, small for gestational age

AGA, appropriate for gestational age
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Figures

Figure 1

Z-scores for weight, length and head circumference. (A) Boys. (B) Girls.
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Figure 2

Scatter plots.


