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Purpose: In order to compensate for the early intrauterine growth restriction,

small-for-gestational age (SGA) infants have “catch-up growth” after birth. Increased

caloric intake has been suggested for SGA infants conventionally. It is important to

determine if the early growth rate of body mass index (BMI) is associated with risk of

persistent obesity later in life. In this longitudinal cohort study, we assessed the BMI of a

large cohort of children who were SGA at birth to determine their risk of persistent obesity

at school age (6–7 years) due to excessive weight gain in the first 3 years of life.

Methods: We collected the height and weight data of 23,871 SGA babies. A polynomial

function was used to fit the BMI-for-age z-score (BAZ) values of 0–6 years old SGA

children and interpolate their growth trajectory. In addition, we screened out 6,959

children from 23,871 children to further evaluate the dynamic changes of early childhood

BMI. We divided the school-age children into groups as non-obese (BAZ < 2) and

obese (BAZ > 2), and determined the association between changes in BMI and

school-age obesity.

Results: From the perspective of BMI distribution, the interpolated growth trajectory

indicated that SGA children reaching overweight status or developing obesity by 3 years

of age, continued to have obesity until school age (R2, 0.65; R2, 0.21). The retrospective

analysis showed that children who were overweight and had obesity during school

age had a high BMI from early age. By analyzing the changes in early BMI, we

found that the fastest growth of SGA children occurred in the early infancy before

6 months and they continued to grow rapidly for a period of time. Interestingly, former

SGA children who maintained a near overweight (1 < BAZ < 2) status before the

age of 2 maintained an appropriate growth rate and usually did not develop obesity.
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Conclusions: A rapid increase in BMI during early infancy in former SGA newborns

leads to a persistent risk of obesity. The energy intake of SGA infants should appropriately

meet the infants’ growth needs and early BMI changes should be closely monitored for

an optimal integrated management.

Keywords: SGA, BMI changes, obesity, overweight, pediatric

INTRODUCTION

Nutritional diseases are common in children, however, over
the years the disease spectrum has changed. On one hand, the
prevalence of overweight and obesity in childhood remains high
(1, 2). On the other hand, with advances in perinatal medicine,
the survival rate of small-for-gestational-age (SGA) newborns has
increased significantly. Studies have reported that the incidence
of SGA in the United States was 15 per thousand term births
in 2011, an incidence of around 29.9% from 2002 (3, 4). The
incidence of SGA in Shanghai has increased from 2.74% in
2005 to 3.41% in 2010 (5). Surviving SGA newborns present
risks for different conditions (6–8), especially for atypical growth
patterns (i.e., catch-up growth). According to the hypothesis of
fetal origins of adult disease, the risk of developing a nutritional
disease caused by this atypical growth pattern is high. A
child’s risk of obesity continues to be present during adulthood
i.e., most children with obesity continue to have obesity in
adulthood (9, 10).

However, most clinicians recommend parents of SGA infants
to focus on weight gain and generally advocate that they increase
the energy intake of low-weight infants without moderation
(11, 12). The long-term health consequences of excessive energy
intake and the risk of obesity associated with rapid early
growth are ignored. Therefore, it is important to determine
whether SGA infants develop obesity early in life and whether
a critical period of increased risk of obesity exists in such
infants. An analysis of the infants’ risk of developing obesity is
important to facilitate the early integrated management of SGA
newborns (13, 14). Studies predicting obesity in children based
on their body mass index (BMI) have suggested the existence
of a positive correlation between the two variables (9), but
the research on low birth-weight (BW) infants is scarce. The
pattern of infancy weight gain that leads to persistent obesity
in former SGA newborns is unclear. In this study, we assessed
the BMI of a large cohort of children who were SGA at birth
to determine their risk of persistent obesity at school going age
(6–7 years) due to excessive weight gain in the first 3 years
of life.

PATIENTS AND METHODS

The Ethics Committee of Shanghai Children’s Hospital
Affiliated to Shanghai Jiaotong University School of Medicine
approved this study (No. 2016R029-F01). The following
were the inclusion/exclusion criteria were used for selection
of participants:

Inclusion Criteria
1. Full-term SGA infants born in Shanghai between April 2010

and October 2017 who underwent a physical examination at a
maternity and child health center in a nearby district.

2. The parents of participant children providing relevant
information and signing the informed consent form to have
their children included in the cohort study at the 42-day
medical examination.

3. In addition, the included children were to have at least one
physical examination of height and weight when they were 0–
3 years old and another examination when they were 6 years
old (school-going age).

Exclusion Criteria
Children with diseases that may adversely affect their growth
and development, including premature birth, heart disease (more
severe than grade II murmur), and asthma; endocrine diseases;
nervous system diseases; moderate or severe rickets or other
abnormalities affecting physical development; limb disability;
acute diseases (such as pneumonia, dysentery, etc.,) that were
resolved within the last month; fever for more than 7 days in the
2 weeks prior to enrolment or diarrhea occurring more than 5
times a day and lasting for more than 5 days.

We categorized the children according to their BW percentiles
(15, 16). We defined full-term SGA as an infant with a BW below
the 10th percentile (P10) for infants of the same birth age and sex,
with a birth age of 37 or more weeks (16). Figure 1 demonstrates
the selection process of the study. In all, we included 23,871
full-term SGA infants in the study cohort.

Physical Examination
Height: For measurements prior to 24 months of age, we used
a standard measuring bed with the child in a supine position.
The assistant positioned the child’s head on the headboard with
the child laying down. The person taking the measurement
was on the right side of the child; an assistant used his left
hand to hold the child’s knee straight and his right hand to
hold the foot plate in contact with the child’s heel. The child’s
height was measured in centimeters, to the nearest tenth of a
centimeter. Height was measured in standing position for 6 year
old children.

Weight: The outerwear, shoes, hats, and diapers of the children
were removed so that they were wearing only thin clothes (under
a comfortable indoor temperature). The children’s weights were
recorded in kilograms (kg) using a standard measuring bed, with
an accuracy of 0.01 kg.
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FIGURE 1 | Study flow chart.

Quality Control
Before the formal investigation, we conducted a pilot
investigation to overcome or minimize potential research
problems in a timely manner and improve the accuracy of
our study. All the data in our study is derived from formal
investigations. All measurement operators were professional
pediatric health care personnel with professional training and
demonstrated proficiency in the unified technical standards and
operating methods before the survey. All examinations were
performed at a single medical facility, where the measuring
instrument was inspected and calibrated every day before
beginning the measurements. We replaced any contents in
the survey (such as the individual’s name) involved in privacy
issues by a number in the subsequent data analysis. Members of
the research group collected the research data. The data were

reviewed for appropriateness, and any missing or incorrect items
in the data were dealt with in a timely manner to improve the
accuracy of the research data. We deleted data that could not be
repaired to improve the credibility of the survey results.

Statistical Analysis
The study was conducted in two parts with two different sample
sizes and used two different ages to define of obesity.

For the first part of the analysis, we categorized the 23,871
full-term SGA infants according to age groups: 0 (0.0 to 0.9)
years, 1 (1.0 to 1.9) years, 2 (2.0 to 2.9) years, and so on, until
6 (6.0 to 6.9) years in order to track BMI data. In cases with
multiple follow-up data for a child in a certain age group, we
selected the data from the single follow-up that corresponded
to the age that was closest to the median age for the specific
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age group (e.g., 0.5, 1.5, or 2.5 years). We assigned SGA infants
at 0–12 months to the following groups by BAZ (BMI-for-age
Z-scores): underweight (BAZ < −2), normal weight (−1 to 1),
nearly overweight (1 to 2) and overweight/nearly obese (BAZ
> 2) (9). This grouping is not based on the diagnostic criteria,
but the data is divided into 4 groups according to different BAZ
values. Since there are almost no children who can be diagnosed
with obesity according to the BAZ criteria for children aged 0–
12 months, we classified children with overweight and obesity
into a singular “overweight/nearly obese” group so as to make
the BAZ development trajectory of SGA children more accurate.
We then used a polynomial function to fit the BAZ values of
these four groups of SGA children aged 0–6 years. After the
data fitting, we interpolated the fitted curve and chose the cubic
Hermite interpolation polynomial, which made the fitted curve
smoother thereby stimulating their growth trajectory. We also
compared the annual trends in the variation of BMI between
these groups and explored a possible association between early
rapid weight gain and persistent obesity in the four groups via
plotted graphs (9).

In the second part of the analysis, we extracted data of children
followed up at least two times within 1 year during childhood and
an additional time when they were between 6 and 7 years old in
order to assess the effect of annual changes in the BAZ (Figure 1).
Data of 6,959 children fulfilled this criteria from the entire cohort
of 23,871 SGA children. These children were grouped according
to the developmental outcome of SGA during the school-age
period, and the trend of BAZ change and the distribution of BAZ
change rate were retrospectively observed. The grouping basis
here was according to the WHO guidelines as non-obese (BAZ
< 2) and obese (BAZ > 2).

RESULTS

Basic Information on the Participants
Baseline details of all study participants is presented in Table 1.
The changes in height (body length) and weight z-scores at
different ages of the included children is presented in Figure 2.
The results show increasing trends for both the SGA newborns’
weight and height (length) z-scores. However, the scores always
remained below the standard median. The increasing trend for
height was not as high as that for the body weight, suggesting
that SGA infants may have an obesity tendency due to excessive
weight gains.

Growth Trajectory From Early Infancy to
School-Age Children
The incidence of obesity at school age (6–7 years) was 12.1%
according to the BMI distribution (BAZ). The fitted curve shows
the distribution of BAZ in different groups of children from
infancy to school age. As seen in Figure 3, SGA infants showed a
catch-up trend till 12–18 months of age, but their BAZ remained
stable after that. Former SGA babies who were underweight or
normal weight at 6–7 years of age had remained so throughout
the period from birth to 6–7 years. Even though SGA infants
who developed obesity had a stage of weight loss in their early
life, they had obesity by the age of 2 years. From the point

TABLE 1 | Differences between the SGA babies included and excluded.

Included SGA

babies in second

analysis

Excluded SGA in

second analysis

P Total

Number [n (%)] 6,959 (29.15) 16,912 (70.85) – 23,871 (100)

Sex [n (%)]

Male 2,529 (36.34) 5,731 (33.89) 0.06 8,260 (34.6)

Female 44,30 (63.66) 11,181 (66.11) 15,611 (65.4)

Gestational age

(GA, weeks)

39.06 ±1.13 39.13 ± 1.09 0.02 39.02 ± 1.11

Birth weight (BW,

kg)

2.57 ± 0.16 2.58 ± 0.17 0.07 2.54 ± 0.18

Residence

[n (%)]

0.29

Urban 1,404 (20.18) 2,846 (16.83) – 4,250 (17.8)

Rural 5555 (79.82) 14,066 (83.17) – 19,621 (82.2)

GA and BW are shown in mean ± SD.

of view of the fitting coefficient, the R2 values of group 1 and
group 4 in Figure 3 are lower, which may be affected by extreme
values. If there are too many extreme values in the measurement
indicators, R2 will be low. It is not difficult to see from the data
results that the two groups of Group 1 and Group 4 are indeed
more affected by the extreme values.

Accelerated Increase in BMI in Early
Childhood and the Occurrence of
Obesity in School-Age Children
For the second part of the analysis 6,959 children were included
of which 36.3% were male. Baseline difference between included
and excluded children is presented in Table 1.

The average annual BMI and BMI changes remained stable
in formerly underweight or normal weight infants. However,
children with overweight or obesity had exhibited a sustained
increase in BMI in early childhood. The annual changes in
BMI in the normal-weight group were more stable compared
to infants who had obesity. Also, in infants who had obesity
there was extremely rapid catch-up growth in the initial months
with BAZ reaching >1 at 1 month of age (Figure 4). For school-
aged children who had obesity who had been SGA newborns,
the most significant increase in BMI occurred before 6 months
of age (Figure 5). The annual change in BAZ remained positive
(although at a low rate) and unstable thereafter, leading to a high
rate of obesity.

We divided the former SGA infants into two groups based on
the presence of obesity and analyzed their BAZ trajectories. The
average BAZ change in the “non-obesity” group (i.e., infants who
were underweight/normal weight) remained stable. However,
the children with overweight or obesity continued to exhibit an
increase in BMI from early childhood (Figure 5).

By analyzing the early BMI changes, we found that the
fastest growth rate of SGA infants occurred before 6 months
of age, and that an accelerated rate of BMI increase persisted
throughout childhood.
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FIGURE 2 | Data of 23,871 children shows the height (body length) and weight z-scores at different age.

DISCUSSION

Several studies have shown that rapid weight gain in the early

postnatal period is related to the occurrence of obesity later in

life (17–20). Our study with a large sample of 23,871 full-term
SGA newborns suggests that they experience catch-up growth
after birth but at different rates. Most SGA infants had below-

normal heights, but their weights were more prone to individual
variations as compared to normal children. In general, former
SGA newborns develop overweight and obesity while growing in
height at a slower pace as compared to normal infants.

Our study demonstrates that SGA infants developed
overweight and obesity in early childhood i.e., before 6 months
of age. Also, children who had obesity at the age of 1 year
continued to have obesity at school-age. After the initial stage
of rapid weight gain, BMI showed strong instability and even
negative growth after 6 months of age. However, after 36 months
of age, BMI continued to increase at a low but positive rate,
resulting in obesity in this group of children. However, in the
children with normal weight at school-age, the BMI remained
stable throughout childhood. We also found that the prediction
trend of the fitted curve of former SGA infants who were
overweight/nearly obese differs from the development curve of
nearly overweight infants. Unlike infants who developed obesity,
the weight of nearly overweight infants returns to normal
with age.

The incidence of obesity in our study was 12.11%, a rate
similar to the Chinese school-age children’s overweight and
obesity rate (19.41%), but lower than that reported in a study on
school-age children (21, 22). This discrepancy can be explained

by the special attributes of the groups. SGA infants with failed
catch-up growth continue to have prolonged low developmental
levels (23). Rapid BMI increases have been shown to occur in
early childhood (24, 25), and this is consistent with the age at
which we observed the fastest weight gains in our cohort.

According to the Developmental Origins of Health and
Disease (DOHaD) theory, the risk of obesity is higher in
individuals with lower birth weights or who are SGA (26, 27).
Our study including the entire age range from birth to school age
showed that the presence of early obesity considerably increases
an individual’s risk of overweight and obesity in the future. Also,
dynamic BMI changes may be important to identify the future
risk of obesity. In our analysis, there was a sharp rise in BAZ at
48–60 months. Studies indicate that BMI in children decreases
at 1 year of age which shifts to an increase before adulthood.
This concept of “BMI rebound,” its timing and subsequent risk of
obesity has been studied in literature. Evidence from studies on
“BMI rebound” suggests that children with earlier or significant
BMI rebound have a much higher risk of developing childhood
obesity (28, 29). Furthermore, the magnitude of the effect can be
substantial (>3 body mass index units at 18–21 years) for those
undergoing early (<5 years of age) compared with late (>7 years
of age) rebound (29, 30).

Our study on SGA infants concurs with the results of
studies conducted in the general pediatric population (9–12, 25).
Previous research has shown that children who develop obesity
early in life have less than a 20% chance of regaining their normal
weight during adolescence and that this rate decreases further
with age (9, 25). The dynamic BMI increases do not end after
puberty, and they may continue into adulthood. One limitation
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FIGURE 3 | Prediction of growth in BAZ in the different study groups based on data of 23,871 children. SGA infants were assigned at 0–12 months to the following

groups by BAZ (BMI-for-age Z-scores): underweight (BAZ < −2), normal weight (−1 to 1), nearly overweight (1 to 2) and overweight/nearly obese (BAZ > 2).

of our study was that we followed up the participants only
till school-age, and could not conduct a more comprehensive
assessment of the risk of obesity during puberty or adulthood.
Also, in the second part of the analysis, the gender ratio was not
50% with underrepresentation of male children in our analysis.
This, however, could have been due to sampling error and was
beyond our control. Also, studies indicate that in the Chinese
population girls are at a higher risk of being born SGA as
compared to boys (31). Another limitation of our study is our

inability to rule out the influence of dietary habits and energy
intake on weight gain. In the initial study design, the research
team believed that children before 12 months of age are mainly
fed with breast milk, milk powder and simple complementary
foods. Compared with the diet structure after 1 year of age, the
initial diet is relatively simple. Therefore, more detailed data
on the frequency of feeding and energy intake of SGA children
were not retained at the time of data collection. Our data also
demonstrated instability in the rate of weight gain at 6–10months
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FIGURE 4 | BAZ growth trajectories during childhood based on data of 6,959 children. A retrospective observation of the distribution of BAZ for children with and

without obesity is demonstrated.

FIGURE 5 | Retrospectively observation of the distribution of 1BAZ between children with and without obesity based on data of 6,959 children.

of age. The unstable BAZ during this time period can be due
to two possible reasons. First, the age corresponding to the
negative value of BAZ in the data chart is the period when
the infant starts to climb, stand, and walk with support, which
is the period of increased energy consumption. Secondly, the
time corresponding to this month’s age is also a critical period
for starting to add supplementary food which brings in more
uncontrollable factors. Lastly, while we used the WHO criteria

for classification of SGA babies and defining postnatal obesity,
since our study was conducted specifically on only Chinese
population the classification may not be fully appropriate for
the study population. Thus, the results should be interpreted
with caution.

In summary, our results show that the amount of early
weight gain after birth in full-term SGA infants can influence
not only their physical development but also their risk of
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developing long-term metabolic diseases such as obesity. SGA
infants should be closely monitored from an early stage, and
childhood obesity screenings should be expanded to include
infants. The risk of early obesity is high during the catch-
up growth period, and once an infant develops obesity, the
condition will probably persist and have a long-term impact.
The most significant weight gain in SGA term infants occurred
during their first year after birth. Furthermore, the BAZ scores
were not persistently high showing signs of decrease followed
by a rebound at 48–60 months. Obesity that occurs early and
is accompanied by a sustained increase in BMI may lead to
severe obesity.

DATA AVAILABILITY STATEMENT

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

ETHICS STATEMENT

The studies involving human participants were reviewed
and approved by Ethics Committee of Shanghai Children’s
Hospital Affiliated to Shanghai Jiaotong University School of
Medicine. Written informed consent to participate in this
study was provided by the participants’ legal guardian/next
of kin.

AUTHOR CONTRIBUTIONS

DW was a major contributor during the writing of the
manuscript. JZ and DW analyzed the data. XW, YH, ML, FS,
HS, HLa, CG, HLi, TinL, JX, LJ, XH, TiaL, GYa, and GZ collected
the data. JC and GYu supervised the study. All authors read and
approved the final manuscript.

FUNDING

We received unconditional research grants from the National
Natural Science Foundation of China, the Shanghai Science
and Technology Commission, the Shanghai ShenKang,
the Shanghai Municipal Education Commission, and the
Jiaotong University Medical College to finance this study:
National Natural Science Foundation of China (81670810);
medical guidance project of Shanghai Science and Technology
Committee (18411967700, 19ZR1477700, and 19411969000);
high end pediatric overseas research team training plan of
Shanghai special plan for children’s health service capacity
building (GDEK20 1710); Jiaotong University Medical College
(EKKY2018006DGD, YG2019ZDB01); Shanghai Municipal
Education Committee (Kids 1-4 2019); Clinical Research Plan
of SHDC (SHDC2020CR1047B); Special project on aging
and maternal and child health of Shanghai Municipal Health
Commission (2020YJZX0207); Special project on aging and
maternal and child health of Shanghai Municipal Health
Commission (2020YJZX0207).

REFERENCES

1. Quak SH, Furnes R, Lavine J, Baur LA, Obesity Working Group. Obesity

in children and adolescents. J Pediatr Gastroenterol Nutr. (2008) 47:254–9.

doi: 10.1097/MPG.0b013e318181b2cd

2. Keß A, Spielau U, Beger C, Gausche R, Vogel M, Lipek T, et al. Further

stabilization and even decrease in the prevalence rates of overweight

and obesity in German children and adolescents from 2005 to 2015: a

cross-sectional and trend analysis. Public Health Nutr. (2017) 20:3075–83.

doi: 10.1017/S1368980017002257

3. Lee ACC, 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 Glob Health. (2013) 1:e26–36. doi: 10.1016/S2214-109X(13)

70006-8

4. Ewing AC, Ellington SR, Shapiro-Mendoza CK, Barfield WD, Kourtis AP.

Full-term small-for-gestational-age newborns in the U.S.: characteristics,

trends, and morbidity. Matern Child Health J. (2017) 21:786–96.

doi: 10.1007/s10995-016-2165-z

5. Li T, Chen J. General survey of health and growth of children under the age of

0-6 in Shanghai. Chin J Child Health. (2013) 21:1169–72.

6. Hosagasi NH, Aydin M, Zenciroglu A, Ustun N, Beken S. Incidence of

hypoglycemia in newborns at risk and an audit of the 2011 American academy

of pediatrics guideline for hypoglycemia. Pediatr Neonatol. (2018) 59:368–74.

doi: 10.1016/j.pedneo.2017.11.009

7. Ray JG, Park AL, Fell DB. Mortality in infants affected by preterm

birth and severe small-for-gestational age birth weight. Pediatrics. (2017)

140:e20171881. doi: 10.1542/peds.2017-1881

8. Sania A, Smith ER, Manji K, Duggan C, Masanja H, Kisenge R, et al. Neonatal

and infant mortality risk associated with preterm and small for gestational

age births in tanzania: individual level pooled analysis using the intergrowth

standard. J Pediatr. (2018) 192:66–72.e4. doi: 10.1016/j.jpeds.2017.

09.007

9. Ward ZJ, Long MW, Resch SC, Giles CM, Cradock AL, Gortmaker SL.

Simulation of growth trajectories of childhood obesity into adulthood. N Engl

J Med. (2017) 377:2145–53. doi: 10.1056/NEJMoa1703860

10. Twig G, Yaniv G, Levine H, Leiba A, Goldberger N, Derazne E, et al. Body-

mass index in 2.3 million adolescents and cardiovascular death in adulthood.

N Engl J Med. (2016) 374:2430–40. doi: 10.1056/NEJMoa1503840

11. Ong KK, Ahmed ML, Emmett PM, Preece MA, Dunger DB. Association

between postnatal catch-up growth and obesity in childhood: prospective

cohort study. BMJ. (2000) 320:967–71. doi: 10.1136/bmj.320.7240.967

12. Carrascosa A, Vicens-Calvet E, Yeste D, Espadero RM, Ulied A, SGA Spanish

Collaborative Group. Children born small for gestational age (SGA) who fail

to achieve catch up growth by 2-8 years of age are short from infancy to

adulthood. Data from a cross-sectional study of 486 Spanish children. Pediatr

Endocrinol Rev. (2006) 4:15–27.

13. Barker DJP, Bergmann RL, Ogra PL. Concluding remarks. The window of

opportunity: pre-pregnancy to 24 months of age. Nestle Nutr Workshop Ser

Pediatr Program. (2008) 61:255–60. doi: 10.1159/000113499

14. Wang G, Johnson S, Gong Y, Polk S, Divall S, Radovick S, et al. Weight

gain in infancy and overweight or obesity in childhood across the gestational

spectrum: a prospective birth cohort study. Sci Rep. (2016) 6:29867.

doi: 10.1038/srep29867

15. Villar J, Cheikh Ismail L, 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) 384:857–68.

doi: 10.1016/S0140-6736(14)60932-6

16. Saleem T, Sajjad N, Fatima S, Habib N, Ali SR, Qadir M. Intrauterine growth

retardation–small events, big consequences. Ital J Pediatr. (2011) 37:41.

doi: 10.1186/1824-7288-37-41

Frontiers in Pediatrics | www.frontiersin.org 8 May 2021 | Volume 9 | Article 625853

https://doi.org/10.1097/MPG.0b013e318181b2cd
https://doi.org/10.1017/S1368980017002257
https://doi.org/10.1016/S2214-109X(13)70006-8
https://doi.org/10.1007/s10995-016-2165-z
https://doi.org/10.1016/j.pedneo.2017.11.009
https://doi.org/10.1542/peds.2017-1881
https://doi.org/10.1016/j.jpeds.2017.09.007
https://doi.org/10.1056/NEJMoa1703860
https://doi.org/10.1056/NEJMoa1503840
https://doi.org/10.1136/bmj.320.7240.967
https://doi.org/10.1159/000113499
https://doi.org/10.1038/srep29867
https://doi.org/10.1016/S0140-6736(14)60932-6
https://doi.org/10.1186/1824-7288-37-41
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles


Wu et al. BMI Increases and Persistent Obesity

17. Mericq V, Martinez-Aguayo A, Uauy R, Iñiguez G, Van der Steen

M, Hokken-Koelega A. Long-term metabolic risk among children born

premature or small for gestational age. Nat Rev Endocrinol. (2017) 13:50–62.

doi: 10.1038/nrendo.2016.127

18. Ong KK, Kennedy K, Castañeda-Gutiérrez E, Forsyth S, Godfrey KM,

Koletzko B, et al. Postnatal growth in preterm infants and later health

outcomes: a systematic review. Acta Paediatr. (2015) 104:974–86.

doi: 10.1111/apa.13128

19. Woo Baidal JA, Locks LM, Cheng ER, Blake-Lamb TL, Perkins ME, Taveras

EM. Risk factors for childhood obesity in the first 1,000 days: a systematic

review. Am J Prev Med. (2016) 50:761–79. doi: 10.1016/j.amepre.2015.11.012

20. Souza LG, Jardim TV, Rezende AC, Sousa ALL, Moreira HG, Perillo NB, et

al. Predictors of overweight/obesity in a Brazilian cohort after 13 years of

follow-up. Nutr J. (2018) 17:10. doi: 10.1186/s12937-018-0320-7

21. Dong Y, Yang Y, Zou Z, Ma J. Trend analysis of height and weight change of

primary and secondary school students in China from 2005 to 2014. Sch Hyg

China. (2018) 39:252–5. doi: 10.16835/j.cnki.1000-9817.2018.02.027

22. Zhang J, Tao Y, Tang Q, Cai W. Analysis of obesity status and risk factors

among children aged 7-9 years in Shanghai. J Shanghai Jiaotong Univ.

(2013) 33:672–5.

23. Meas T, Deghmoun S, Alberti C, Carreira E, Armoogum P, Chevenne D, et

al. Independent effects of weight gain and fetal programming on metabolic

complications in adults born small for gestational age. Diabetologia. (2010)

53:907–13. doi: 10.1007/s00125-009-1650-y

24. Körner A, Kratzsch J, Gausche R, Schaab M, Erbs S, Kiess W. New predictors

of the metabolic syndrome in children–role of adipocytokines. Pediatr Res.

(2007) 61:640–5. doi: 10.1203/01.pdr.0000262638.48304.ef

25. Geserick M, Vogel M, Gausche R, Lipek T, Spielau U, Keller E, et al.

Acceleration of BMI in early childhood and risk of sustained obesity. N Engl J

Med. (2018) 379:1303–12. doi: 10.1056/NEJMoa1803527

26. Vicens-Calvet E, Espadero RM, Carrascosa A, Spanish SGA Collaborative

Group. Small for Gestational Age. Longitudinal study of the pubertal

growth spurt in children born small for gestational age without

postnatal catch-up growth. J Pediatr Endocrinol Metab. (2002) 15:381–8.

doi: 10.1515/JPEM.2002.15.4.381

27. Jaquet D, Collin D, Lévy-Marchal C, Czernichow P. Adult height distribution

in subjects born small for gestational age. Horm Res. (2004) 62:92–6.

doi: 10.1159/000079709

28. Hughes AR, Sherriff A, Ness AR, Reilly JJ. Timing of adiposity

rebound and adiposity in adolescence. Pediatrics. (2014) 134:e1354–61.

doi: 10.1542/peds.2014-1908

29. Kato N, Isojima T, Yokoya S, Tanaka T, Ono A, Yokomichi H, et al.

Earlier BMI rebound and lower pre-rebound BMI as risk of obesity among

Japanese preschool children. Int J Obes. (2018) 42:52–8. doi: 10.1038/ijo.

2017.242

30. Taylor RW, Grant AM, Goulding A, Williams SM. Early adiposity

rebound: review of papers linking this to subsequent obesity in

children and adults. Curr Opin Clin Nutr Metab Care. (2005) 8:607–12.

doi: 10.1097/01.mco.0000168391.60884.93

31. Ma G, Guo C, Yang. Analysis of 45 cases of small for gestational

age infants. China Matern Child Health Care. (2010) 25:

1061–2.

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.

Copyright © 2021 Wu, Zhu, Wang, Shi, Huo, Liu, Sun, Lan, Guo, Liu, Li, Jiang, Hu,

Li, Xu, Yao, Zhu, Yu and Chen. 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.

Frontiers in Pediatrics | www.frontiersin.org 9 May 2021 | Volume 9 | Article 625853

https://doi.org/10.1038/nrendo.2016.127
https://doi.org/10.1111/apa.13128
https://doi.org/10.1016/j.amepre.2015.11.012
https://doi.org/10.1186/s12937-018-0320-7
https://doi.org/10.16835/j.cnki.1000-9817.2018.02.027
https://doi.org/10.1007/s00125-009-1650-y
https://doi.org/10.1203/01.pdr.0000262638.48304.ef
https://doi.org/10.1056/NEJMoa1803527
https://doi.org/10.1515/JPEM.2002.15.4.381
https://doi.org/10.1159/000079709
https://doi.org/10.1542/peds.2014-1908
https://doi.org/10.1038/ijo.2017.242
https://doi.org/10.1097/01.mco.0000168391.60884.93
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles

	Rapid BMI Increases and Persistent Obesity in Small-for-Gestational-Age Infants
	Introduction
	Patients and Methods
	Inclusion Criteria
	Exclusion Criteria
	Physical Examination
	Quality Control
	Statistical Analysis

	Results
	Basic Information on the Participants
	Growth Trajectory From Early Infancy to School-Age Children
	Accelerated Increase in BMI in Early Childhood and the Occurrence of Obesity in School-Age Children

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	References


