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Abstract. Aims of study: We evaluated the growth patterns in a cohort of infants (n = 120) born large- 
for-gestational-age (LGA) [birth weight (Bwt) > 4 kg] from birth to age 3 years of age in comparison with 
normal age and sex-matched children (WHO). Results: LGA infants had high weight for age Z score (WAZ) 
at birth that decreased significantly during the first 6 months of life (by a mean of – 0.67 SD) that was fol-
lowed by significant gain during the following 6 months of life (around + 0.4 SD). These children grew on a 
higher centile of WAZ with no significant change during the second and third years of life. The prevalence of 
obesity (WAZ > 2) increased markedly from 24% at the end of their first year to 34% and 36% at the end of 
the second and third years of life, respectively. The mean length for age Z score (LAZ) decreased significantly 
during the first 6 months (by a mean of -0.9 SD) but was maintained at high centile (> 1 SD) during the sec-
ond and 3rd years. The weight for length SDS (WLZ) increased significantly during the first 18 months of life 
and decreases gradually during the second half of the 2nd year and the 3rd year. Their head circumference SDS 
decreased significantly in the first 6 months and then sustained around the 70th centiles (+1 SD) in the follow-
ing 18 months. Conclusion: Our study showed that in LGA babies obesity increased progressively after the first 
year of life to reach 36% at the end of the third year. Therefore, it is important to apply early nutritional inter-
vention to decrease the occurrence of obesity and reduce later cardiometabolic risks. (www.actabiomedica.it)
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Introduction

The prevalence of childhood obesity has been 
trending upwards over the last few decades and has 
led to the classification of childhood obesity as an 
epidemic. In 2020, about 40 million children below 
5 years were overweight or obese (1).

Overweight or obesity during childhood has im-
portant short-term and long-term consequences. In 
the short term, children who are overweight or obese 
are more likely to suffer from: low self-esteem, emo-
tional and behavioural disorders, liver complications, 

musculoskeletal problems, especially in the lower ex-
tremities, metabolic and cardiovascular risk factors. 
In the long term, because childhood onset obesity 
frequently persists into adulthood, it is also associated 
with increased long-term morbidity and mortality (2).

Therefore, prevention of pediatric obesity by pro-
moting healthful diet, activity, and environment should 
be a primary goal, as achieving effective, long-lasting 
results with lifestyle modification once obesity occurs 
is difficult (3,4).

The predictable normal infant growth starts with a 
fast deceleration of growth velocity starting from birth 
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that reaches a near plateau at the end of the first year 
of life and then continues to slow slowly through the 
second year. Postnatal growth of full-term infants can 
be classified as delayed, normal, or rapid depending 
on their infantile growth velocity that displays a sharp 
 descending, a steady, or a sharp ascending change on 
the growth reference charts (5).

One definition of fast infantile growth is the 
change in weight or length-for-age standard devia-
tion score of more than + 0.67 from birth to the age 
of 24 months. On the other hand, delayed growth can 
be defined as the change in weight or length-for-age 
standard deviation score of more than − 0.67 from 
birth to 2 years of age (6).

Neonatal macrosomia has been reported to in-
crease over the past 50 years (7). Macrosomia is a term 
used to describe a baby who is significantly larger than 
average. Whereas large-for gestational-age (LGA) re-
lates to a baby’s size before and at birth, macrosomia is 
usually used to describe babies following birth who are 
larger than the 90th or 95th percentile for sex and ges-
tational age on an infant growth chart or who weigh 
4 kg or more at birth (8) These LGA babies are more 
susceptible to neonatal complications. Later in life, 
they are reported to suffer from hypertension, obesity/
overweight, insulin resistance, metabolic syndrome, 
and type 2 diabetes later in life. It was suggested that 
fast weight gain and rapid linear growth during the 
infancy period can predispose to obesity and adverse 
cardiometabolic outcomes during adulthood (9-13).

Substantial variation in prevalence of macrosomia 
occurs in different countries, ranging from 0.5% (In-
dia) to 13.9% (China) while the prevalence of LGA 
ranges from 4.3% (Korea) to 22.1% (China) (14,15).

The most frequently seen causes of LGA are 
 gestational diabetes, maternal obesity and excessive 
gestation weight gain (GWG) during pregnancy, 
which can in part be caused by overconsumption of 
high-fat, calorie-dense foods (16). Gestational diabe-
tes mellitus and maternal obesity are associated with 
increased rates of LGA in humans as well as in animal 
models.

The currently available evidence highlights the as-
sociation between infant growth rate and subsequent 
obesity risk, however, there is a limited comprehensive 
understanding of this relationship between the pattern 

of growth rate and the development of childhood obe-
sity in infants born LGA. The aim of our study was 
to evaluate the growth patterns of a cohort of infants 
born LGA from birth to age 3 years in comparison 
with normal age and sex-matched children.

Subjects and methods

This was a retrospective observational study of 
120 LGA infants who were born between January 
2016 and December 2017 in Qatar.

Out of the 120 LGA (78 males and 42 females), 
69% were infants of mothers with gestational diabetes 
(IDM), 93/120 were delivered vaginally and 27 infants 
were delivered by C-Section. 48/120 were born between 
40 and 41 weeks, 47/120 were born <40 weeks and 
25/120 were born after 41 weeks of gestation. 45/120 
were Qataris, 43 were Arabs and 32 were Asians (Indi-
ans, Pakistanis, and Filipinos). Infants were evaluated 
at birth, 2, 4, 6, 12, 18, 24 and 36 months of age. In-
fant anthropometric measurements were taken at each 
visit and included weight, length, head circumference. 
Weight for age Z score (WAZ), length for age Z score 
(LAZ), and weight for length Z score (WLZ) were 
calculated using WHO standards for age and sex.

Statistical analysis

Data are reported as mean ± SD, or as frequen-
cies and percentages. Student paired t-test was used to 
compare the different variables at the different periods 
in the same group of infants when the data were nor-
mally distributed and Wilcoxon rank sum test when 
the data were not normally distributed. Significance 
was accepted when P: < 0.05. Linear regression models 
were run to detect the independent effects of various 
infant anthropometric data on 3-year child body mass 
index Z score (BMI-Z) and WLZ.

Ethics

All procedures were in accordance with the 
1964 Helsinki declaration and its later amendments 
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in  October 2013 (www.wma.net). The study was ap-
proved by the Ethical Committee of Hamad Medical 
Centre approved the study (MRC-01-21-277).

Results

LGA infants had high WAZ at birth that de-
creased significantly during the first 6 months of life  
(by around – 0.7 SD) that was followed by significant 
gain during the next 6 months of life (by around + 
0.4 SD). At the end of the first year, 60% of these infants 
had catch down while 40% had no change or had catch 
up in WAZ. Most of these children grew on a higher 
centile of WAZ with no significant change during the 
second and third year of life (Figure 1 and Table 1).

The prevalence of obesity (WAZ > 2) increased 
markedly from 24% at the end of their first year to 
34,2% and 36,6% at the end of the second and third 
years of life respectively (Figure 2).

The mean LAZ decreased significantly during the 
first 6 months (by around - 0.9 SD) but was main-
tained at high centile (> 1 SD) during the second and 
3rd years (Figure 3).

The weight for length SDS (WLZ) increased 
 significantly during the first 18 months of life and 
 decreases gradually during the second half of the 2nd 
year and the 3rd year (Figure 4).

The head circumference SDS decreased signifi-
cantly in the first 6 months and was maintained around 
the 70th centiles (+1 SD) for the next 18 months. 
 (figure 5)

The degree of catch-up or down in WAZ during 
the first year in relation to obesity (WAZ > 2) at three 
years of age showed the following:

a. 60% of the infants born LGA had WAZ > 2 
at 3 years.

b. 37 % of LGA had catch down > 0.67 during 
the first year. Only 2.2 % of them had obesity 
at 3 years of age.

c. 20 % of children had WAZ catch up > 0.67 
during the first year of life, 75 % of them had 
WAZ > 2 at 3 years of age.

d. 41 % of children had WAZ change between 
-0.67 and + 0.67 during the first year of life, 
and 50 % of them had obesity at 3 years.

Correlations

a. WAZ 36 mo. was correlated significantly with 
WAZ 6 mo. (r = 0.6, P <0.001), WAZ 12 mo. 
(r = 0.75, P <0.001), WAZ 18 mo. (r = 0.83, 
P < 0.001), WAZ 24 mo. (r = 0.77, P <0.001) 
and LAZ 36 mo. (r = 0.64, P < 0.001);
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Figure 1. Postnatal changes in weight for age Z score (WAZ) in large- 
for- gestational-age infants (LGA) from birth to 3 years of age.
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d. WLZ was correlated significantly with BMIZ 
at the end of the first year and at the end of the 
3rd year (r = 0.75, P <0.001).

Discussion

Adjustments and adaptations during the intrau-
terine environment can induce fetal developmental 

b. LAZ 36 mo. was correlated significantly with 
WAZ 6 mo. (r = 0.63, P < 0.001), WAZ 12 mo. 
(r = 0.54, P < 0.001), WAZ 18 mo. (r = 0.67, 
P <0.001), WAZ 24 mo. (r = 0.56, P <0.001), 
and WAZ 36 mo. (r = 0.64, P <0.001);

c. BMIZ 36 mo. was correlated significantly 
with WAZ 12 mo. (r = 0.58, P <0.001), WAZ 
24 mo. (r = 0.60, P <0.001), and WAZ 36 mo. 
(r = 0.68, P <0.001).

Table 1. Three years postnatal growth parameters in infants born > 4 kg.

Birth 6 mo. 12 mo. 18 mo. 2 years 3 years

WAZ

mean 1.73 1.04 1.43 1.43 1.41 1.39

SE 0.04 0.09 0.10 0.11 0.11 0.12

LAZ

mean 1.99 1.06 1.18 0.97 1.11 1.27

SE 0.09 0.10 0.10 0.12 0.11 0.15

WLZ

mean 0.07 0.66 1.19 1.26 0.82 0.72

SE 0.10 0.10 0.10 0.12 0.12 0.11

HCSDS

mean 1.34 0.80 0.84 0.98 0.96 0.99

SE 0.08 0.09 0.10 0.09 0.07 0.07

Legend: Weight for age Z score (WAZ), length for age Z score (LAZ), weight for length Z score (WLZ), and head circumference SDS (HCSDS).
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Figure 2. Weight for age Z score WAZ > 2 from birth to 3 years of age in infants 
(n=120) born at term (> 4 kg).
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There is a paucity of longitudinal data on the 
growth outcomes of LGA infants (21,22). We ob-
served a decrease in WAZ, LAZ, and HCZ in the 
majority of LGA infants during the first 6 months 
postnatally. 60% of our LGA had catch down, of 
any degree, during the first year with 37% had catch 
down > 0.67 SD. During the second and third years of 
life their growth in weight and length was stable at a 
higher centile for age and sex (around +1 SD). 36.6 % 

variations that might have lengthy postnatal negative 
effects on the offspring (17). Maternal factors such as 
maternal obesity, rapid weight gain during pregnancy, 
and gestational diabetes are associated with a marked 
increase in the number of LGA infants (18).

Nonetheless, a considerable number of these LGA 
infants are born to healthy and normoglycemic women, 
and in such cases, the underlying mechanisms for over-
size at birth are yet to be fully identified (19,20).
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Figure 3. Length for age Z score (LAZ) in large-for-gestational-age infants (LGA) 
from birth to 3 years of age.
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Figure 4. Weight for length Z score (WLZ) in large-for-gestational-age infants 
(LGA) from birth to 3 years of age.
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Taal et al. (25), reported that children born LGA 
showed infant catch-down growth, and their mean 
head circumference, length, and weight remained 
larger until the age of 4 years. LGA infants without 
catch-down growth had an increased risk of being 
overweight. 50 % of our LGA infants who did not 
have catch down at the end of first year were over-
weight or obese at the end of the 3rd year.

A recent systemic review of 31 studies indicated 
that LGA infants have increased fat mass at birth, but 
in the long term, those who developed catch down 
during infancy had a lower body fat ratio during child-
hood (26).

Moschonis et al. (27) studied the growth of 2,374 
Greek pre-schoolers (1-5 years). Children born LGA 
were 4.59 and 2.19 times more likely for being over-
weight at 6 and 12 months of age, respectively, com-
pared to children born appropriate for gestational age. 
Our LGA had WAZ around 1.43, 1.41, and 1.39 at 
the 18, 24, and 36 mo. postnatally. In addition, WAZ 
at 36 mo. was correlated significantly with WAZ at 
6, 12, 18 and 24 mo. (P <0.001) denoting continuous 
tendency to be overweight during infancy and early 
childhood. In support to our data, Hediger et al. (28), 
compared the growth profiles of infants and young 
children born LGA with those of AGA. The weight 

of our LGA infants were overweight or obese at the 
end of their 3rd year of life.

Davies et al. (23) followed growth of 38 LGA in-
fants in comparison to 100 with appropriate for ges-
tational age (AGA) during the first 6 months of life. 
A substantial shift to the mean in weight, but great 
diversity in growth patterns was reported.

Ng et al. (24) studied the anthropometric data 
of 53 LGA babies > 4kg, born to non-diabetic moth-
ers, for 6 months. Growth in all physical dimensions, 
 especially weight, showed a downward shift towards a 
reference means.

Our LGA infants who had catch up in WAZ 
during the first year of life (20%) had high prevalence 
of overweigh/obesity at the end of the 3rd year (75%). 
Those with catch-down (>0.67 SD; 37%) had low prev-
alence of overweight/obesity at the end of the 3rd year 
(2.2%). In support with our findings, Lei et al. (12) di-
vided LGA infants according to their postnatal growth 
trajectory into: (a) rapid catch-down growth (25.2%), 
(b) small catch-down growth (54.4%), and (c) no catch-
down growth (20.6%). LGA infants without catch-
down growth had increased risks of obesity at 7 years 
of age while term LGA infants with small catch-down 
growth had lower risks of obesity and growth restric-
tion at age 7 years as compared with AGA children.
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Figure 5. Head circumference SDS in large-for-gestational-age infants (LGA) from birth to 
2 years of age.



Acta Biomed 2022; Vol. 93, N. 6: e2022327 7

correlation between weight relative to linear growth at 
1 and 3 years of age.

A study done in children, aged 9 to 12 years, 
showed that severe obesity was associated with LGA 
and maternal severe obesity. No significant behavio-
ral factors had an influence on severe obesity in any 
age group of their study (34). Researchers suggested 
that the development of abnormal epigenetic mecha-
nisms, particularly related to DNA methylation, in the 
brains of LGA offspring, can lead to disruptions in the 
cell cycle in development and alter gene expression in 
adulthood (35). This hypothesis was not confirmed by 
a genome-wide analysis on umbilical tissue of LGA 
(n= 29) and AGA (n= 42) infants (36).

Encouraging breastfeeding, reduction of protein 
content of formulated milks, and diet in the first 12–24 
months, involving family and schools in interventions 
that promote physical activity and healthy diet, are 
hopeful strategies for decreasing the risk of childhood 
obesity (37).

A recent intervention study in young children 
starting from age 2 years, showed that the optimal tar-
get population for the intensive intervention are chil-
dren who have milder obesity, are younger, and do not 
have a mother with severe obesity (38).

In conclusion, our data show a significant preva-
lence of overweight/obesity in children born LGA at 
3 years of age especially those who do not have catch 
down growth during the first year of life. Since later 
cardiometabolic risk is often mediated by early growth 
patterns, it is important to apply early nutritional in-
tervention to decrease the occurrence of obesity and 
reduce later cardiometabolic risks in LGA children. 
Reporting and following the growth of infants born 
LGA, would early capture the tendency to obesity and 
allow for identification of contributing factors and 
early prevention/ management.
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status of LGA infants remained at about + 0.50 SD till 
47 months of age.

Our LGA had LAZ of 0.97, 1.1 and 1.27, respec-
tively, at the 18, 24 and 36 months postnatally. LAZ at 
36 months was correlated significantly with WAZ at 6, 
12, 18. 24 and 36 months (P <0.001). In addition, they 
had HCZ of 0.8, 0.84. 0.98 and 0.96 at 6,12,18 and 24 
months, respectively. These data denote that these infants 
remained relatively tall and had relatively large head with 
good correlation between their length and weight.

In 2010, the Canadian perinatal registry includ-
ing 4,298 children showed that those who were born 
LGA had higher risk to be overweight (OR=1.23) at 
10-11 years of age (29).

The increased risk to develop overweight/obesity 
was furtherly confirmed in a meta-analysis that in-
cluded 20 of published studies. A birth weight (BW: > 
4 kg) was associated with an increased risk of obesity 
versus those born with BW ≤ 4 kg (30).

Rogers et al. (31) measured the body composition 
using dual-energy X-ray absorptiometry in 9-10 years 
old children (n = 3,006 boys and 3,080 girls) in relation 
to their weight and length at birth. A positive associa-
tion between birth weight, lean body mass (LBM) and 
total body fat was found in both sexes.

In a meta-analysis that included 30 prospective 
studies, authors identified significant and strong in-
dependent associations with childhood overweight 
related to maternal pre-pregnancy overweight, high 
infant birth weight and rapid weight gain during the 
first year of life (32).

Xie et al. (33) studied 600 LGA infants. They sub-
divided them according to their maternal overweight 
or obesity before pregnancy (OW/OB), diabetes mel-
litus (DM), and excessive gestational weight gain. The 
LGA subgroup who were offsprings to OW/OB and 
those with DM who experienced normal gestational 
weight gain had a “continuous high increasing” BMI 
Z-score trajectory from 9 months to 4 years. The LGA 
subgroup who were offsprings for mothers with nor-
mal weight and normal weight gain during pregnancy 
had a similar BMI Z-score trajectory (“stable low”) 
from 9 months to 4 years.

In our study, WLZ at the end of the first year 
was correlated significantly with BMIZ at the end of 
the 3rd year (r = 0.77, P <0.001) suggesting a good 



Acta Biomed 2022; Vol. 93, N. 6: e20223278

10. Dyer JS, Rosenfeld CR, Rice J, et al. Insulin resistance in 
Hispanic large-for-gestational-age neonates at birth.J Clin 
Endocrinol Metab. 2007 Oct;92(10):3836-43. doi: 10.1210 
/jc.2007-0079.

11. Boney CM, Verma A, Tucker R, Vohr BR. Metabolic syn-
drome in childhood: association with birth weight, maternal 
obesity, and gestational diabetes mellitus. Pediatrics. 2005 
Mar;115(3):e290-6. doi: 10.1542/peds.2004-1808.

12. Lei X, Zhao D, Huang L, et al. Childhood Health Out-
comes in Term, Large-for-Gestational-Age Babies With 
Different Postnatal Growth Patterns. Am J Epidemiol. 
2018 Mar 1;187(3):507-514. doi: 10.1093/aje/kwx271.

13. Drake AJ, Reynolds RM. Impact of maternal obesity on off-
spring obesity and cardiometabolic disease risk. Reproduc-
tion. 2010 Sep;140(3):387-98. doi: 10.1530/REP-10-0077.

14. Harvey L, van Elburg R, van der Beek EM. Macrosomia 
and large for gestational age in Asia: One size does not fit 
all. J Obstet Gynaecol Res. 2021 Jun;47(6):1929-1945. doi: 
10.1111/jog.14787.

15. Lu Y, Zhang J, Lu X, Xi W, Li Z. Secular trends of macroso-
mia in southeast China, 1994-2005. BMC Public Health. 
2011 Oct 20;11:818. doi: 10.1186/1471-2458-11-818.

16. Ornoy A. Prenatal origin of obesity and their complications: 
Gestational diabetes, maternal overweight and the para-
doxical effects of fetal growth restriction and macrosomia. 
Reprod Toxicol. 2011 Sep;32(2):205-12. doi: 10.1016/j. 
 reprotox. 2011. 05.002.

17. Padmanabhan V, Cardoso RC, Puttabyatappa M. Develop-
mental Programming, a Pathway to Disease. Endocrinology. 
2016 Apr;157(4):1328-40. doi: 10.1210/en.2016-1003.

18. Ben-Haroush A, Hadar E, Chen R, Hod M, Yogev Y. Ma-
ternal obesity is a major risk factor for large-for- gestational-
infants in pregnancies complicated by gestational 
diabetes.Arch Gynecol Obstet. 2009 Apr;279(4):539-43. 
doi: 10.1007/s00404-008-0767-4.

19. Langer O. Fetal macrosomia: etiologic factors.Clin  Obstet 
Gynecol. 2000 Jun;43(2): 283-97. doi: 10.1097/00003081-
20 0006000-00006.

20. Englund-Ögge L, Brantsæter AL, Juodakis J, et al. Asso-
ciations between maternal dietary patterns and infant birth 
weight, small and large for gestational age in the Norwe-
gian Mother and Child Cohort Study.Eur J Clin Nutr. 2019 
Sep;73(9):1270-1282. doi: 10.1038/s41430-018-0356-y.

21. Davies D. P. Size at birth and growth in the first year of 
life of babies who are overweight and underweight at birth.
Proc Nutr Soc. 1980 Feb;39(1):25-33. doi: 10.1079/pns 
19800005.

22. Taal H R, Vd Heijden A J, Steegers EA, Hofman A, Jaddoe 
VW. Small and large size for gestational age at birth, infant 
growth, and childhood overweight.Obesity (Silver Spring). 
2013 Jun;21(6):1261-8. doi: 10.1002/oby.20116.

23. Davies DP. Size at birth and growth in the first year of life 
of babies who are overweight and underweight at birth. Proc 
Nutr Soc. 1980 Feb;39(1):25-33. doi: 10.1079/pns 19800005.

24. Ng WK, Ha MH, Davies DP, Lao T, Pang CP, Swamina-
than R. Early post-natal growth of large-for-dates babies 

Ashraf Soliman: Substantial contributions to the conception of the 
work; extensive searching of the literature and drafting the review; 
and approved the manuscript for publication. Vincenzo De Sanctis: 
Contributed to the conception of the work and critically revised the 
manuscript for accuracy and integrity and approved the manuscript 
for publication. Noor Hamed: Shared actively in searching the lit-
erature and writing up the review; and approved the manuscript for 
publication. Nada Alaaraj: Shared actively in searching the literature 
and writing up the review; constructing the tables. and approved 
the manuscript for publication. Shayma Ahmad: Shared actively in 
searching the literature and writing up the review; and approved the 
manuscript for publication. Fatima AlKhori: Data analysis, tables 
construction and approved the manuscript for publication. Saleha 
Abbasi: Data collection and approved the manuscript for publication.

References

1. Di Cesare M, Sorić M, Bovet P, et al. The epidemiological 
burden of obesity in childhood: a worldwide epidemic re-
quiring urgent action. BMC Med. 2019 Nov 25;17(1):212. 
doi: 10.1186/ s12916-019-1449-8.

2. Yanovski JA. Pediatric obesity. An introduction. Appetite. 
2015 Oct;93:3-12. doi: 10.1016/ j.appet.2015.03.028.

3. Styne DM, Arslanian SA, Connor EL, et al. Pediatric 
Obesity-Assessment, Treatment, and Prevention: An En-
docrine Society Clinical Practice Guideline. J Clin Endo-
crinol Metab. 2017 Mar 1;102(3):709-757. doi: 10.1210 
/jc.2016-2573.

4. Evensen E, Wilsgaard T, Furberg AS, Skeie G. Tracking 
of overweight and obesity from early childhood to adoles-
cence in a population-based cohort - the Tromsø Study, Fit 
Futures. BMC Pediatr. 2016 May 10;16:64. doi: 10.1186 
/s12887-016-0599-5.

5. Moore T, Arefadib N, Deery A, Keyes M, West S. The First 
Thousand Days: An Evidence Paper—Summary. Centre for 
Community Child Health, Murdoch Children’s Research 
Institute; Parkville, VIC, Australia: 2017.

6. Ong KK, Loos RJ. Rapid infancy weight gain and sub-
sequent obesity: systematic reviews and hopeful sugges-
tions. Acta Paediatr. 2006 Aug;95(8):904-8. doi: 10.1080 
/ 08035250600719754.

7. Chiavaroli V, Castorani V, Guidone P, et al. Incidence of 
infants born small- and large-for-gestational-age in an 
Italian cohort over a 20-year period and associated risk 
factors. Ital J Pediatr. 2016 Apr 26;42:42. doi: 10.1186 
/s13052-016-0254-7.

8. Weissmann-Brenner A, Simchen MJ, Zilberberg E, et al.
Maternal and neonatal outcomes of large for gestational 
age pregnancies. Acta Obstet Gynecol Scand. 2012 Jul;91 
(7):844-9. doi: 10.1111/j.1600-0412.2012.01412.x.

9. Kuciene R, Dulskiene V, Medzioniene J. Associations be-
tween high birth weight, being large for gestational age, and 
high blood pressure among adolescents: a cross-sectional 
study. Eur J Nutr. 2018 Feb;57(1):373-381. doi: 10.1007 
/s00394-016-1372-0.



Acta Biomed 2022; Vol. 93, N. 6: e2022327 9

33. Xie C, Wang Y, Li X, Wen X. Childhood Growth Trajecto-
ries of Etiological Subgroups of Large for Gestational Age 
Newborns. Pediatr. 2016 Mar;170:60-6.e1-5. doi: 10.1016/ 
j.jpeds.2015.11.031.

34. Salahuddin M, Pérez A, Ranjit N, et al. Predictors of Severe 
Obesity in Low-Income, Predominantly Hispanic/Latino 
Children: The Texas Childhood Obesity Research Dem-
onstration Study. Prev Chronic Dis. 2017 Dec 28;14:E141. 
doi: 10.5888/ pcd14.170129.

35. Grissom NM, Reyes TM. Gestational overgrowth and un-
dergrowth affect neurodevelopment: similarities and differ-
ences from behavior to epigenetics. Int J Dev Neurosci. 2013 
Oct;31(6):406-14. doi: 10.1016/j.ijdevneu.2012.11.006.

36. Chiavaroli V, Cutfield WS, Derraik JG, et al. Infants born 
large-for-gestational-age display slower growth in early 
infancy, but no epigenetic changes at birth. Sci Rep. 2015 
Sep 30;5:14540. doi: 10.1038/ srep14540.

37. Fornari E, Brusati M, Maffeis C. Nutritional Strategies 
for Childhood Obesity Prevention. Life (Basel). 2021 Jun 
8;11(6):532. doi: 10.3390/life11060532.

38. Barlow SE, Durand C, Salahuddin M, Pont SJ, Butte NF, 
Hoelscher DM. Who benefits from the intervention? Cor-
relates of successful BMI reduction in the Texas Childhood 
Obesity Demonstration Project (TX-CORD). Pediatr 
Obes. 2020 May;15(5):e12609. doi: 10.1111/ijpo.12609.

Correspondence:
Received: 16 September 2022
Accepted: 16 October 2022
Ashraf Soliman MD, PhD, FRCP
Professor of Pediatrics and Endocrinology
Hamad Medical Centre
Doha, Qatar
E-mail: Atsoliman56@gmail.com

of non-diabetic mothers is influenced by maternal glucose 
metabolism. Early Hum Dev. 1989 Sep;20(1):37-44. doi: 
10.1016/0378-3782(89)90071-6.

25. Taal HR, Vd Heijden AJ, Steegers EA, Hofman A, Jaddoe 
VW. Small and large size for gestational age at birth, infant 
growth, and childhood overweight. Obesity (Silver Spring). 
2013 Jun;21(6):1261-8. doi: 10.1002/oby.20116.

26. Rallis D, Balomenou F, Tzoufi M, Giapros V. A systematic re-
view indicates an association between birth weight and body 
fat in childhood.Acta Paediatr. 2021 Jul;110(7): 2023-2039. 
doi: 10.1111/apa.15834.

27. Moschonis G, Grammatikaki E, Manios Y. Perinatal predic-
tors of overweight at infancy and preschool childhood: the 
GENESIS study.Int J Obes (Lond). 2008 Jan;32(1):39-47. 
doi: 10.1038/sj.ijo.0803764.

28. Hediger ML, Overpeck MD, Maurer KR, Kuczmarski RJ, 
McGlynn A, Davis WW. Growth of infants and young chil-
dren born small or large for gestational age: findings from 
the Third National Health and Nutrition Examination Sur-
vey.Arch Pediatr Adolesc Med. 1998 Dec;152(12):1225-31. 
doi: 10.1001/archpedi.152.12.1225.

29. Kuhle S, Allen AC, Veugelers PJ. Perinatal and childhood 
risk factors for overweight in a provincial sample of  Canadian 
Grade 5 students.Int J Pediatr Obes. 2010;5(1):88-96. doi: 
10.3109/17477160903060028.

30. Yu ZB, Han SP, Zhu GZ, Zhu C, Wang XJ, Cao XG, Guo 
XR. Birth weight and subsequent risk of obesity: a systematic 
review and meta-analysis.Obes Rev. 2011 Jul;12(7):525-42. 
doi: 10.1111/j.1467-789X.2011.00867.x.

31. Rogers IS, Ness AR, Steer CD, et al. Associations of size 
at birth and dual-energy X-ray absorptiometry measures of 
lean and fat mass at 9 to 10 y of age.Am J Clin Nutr. 2006 
Oct;84(4):739-47. doi: 10.1093/ajcn/84.4.739.

32. Weng SF, Redsell SA, Swift JA, Yang M, Glazebrook CP. Sys-
tematic review and meta-analyses of risk factors for childhood 
overweight identifiable during infancy. Arch Dis Child. 2012 
Dec;97 (12):1019-26. doi: 10.1136/archdischild-2012-302263.


