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Postnatal BMI changes in children with different
birthweights: A trial study for detecting early
predictive factors for pediatric obesity
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Abstract. The purpose of this study was to clarify the degree of early postnatal growth by birthweight
and detect early predictive factors for pediatric obesity. Body mass index (BMI) and degree of obesity
were examined in children in the fourth year of elementary school and second year of junior high school.
Their BMI at birth and three years of age were also examined. Based on birthweight, participants were
divided into three groups: low (< 2500 g), middle (2500-3500 g), and high (> 3500 g). Furthermore,
according to the degree of obesity, they were divided into two groups: obese (20% <) and non-obese
(20% >). The change of BMI from birth to three years of age (ABMI) showed a strong inverse relationship
with birthweight and was significantly different among the three birthweight groups (low > middle >
high). The ABMI and BMI at three years of age were higher in obese than in non-obese children and
showed significant positive correlations with the degree of obesity. Early postnatal growth might be
determined by birthweight and was higher in obese than in non-obese children. The ABMI from birth
to three years of age and BMI at age of three years could be predictive factors for pediatric obesity.
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Size at birth and growth during early
infancy have been recognized as important
indicators of maternal and offspring health and
early childhood survival (1, 2). The occurrence of
“catch-up” growth following low birthweight and
“catch-down” growth following high birthweight
1s well documented. Ong et al. (3) reported that
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approximately 30% of all newborn infants show
a significant degree of rapid postnatal or catch-
up growth and 25% of all newborn infants with
relatively increased adiposity at birth show
slow postnatal or catch-down growth. Catch-
up and catch-down growth are believed to be
compensatory phenomena.

Some studies have reported that rapid
growth following low birthweight is an important
cause in developing diseases later in adulthood
(cardiovascular risk factors) (4-9). Other
studies have reported that children with a high
birthweight relative to gestational date are prone
to developing insulin resistance later in life (10,
11). However, most patients with cardiovascular
risk factors have a normal birthweight. Based on
these data, we questioned how growth during the
prenatal and postnatal periods was related to the
induction of obesity or metabolic syndromes and
speculated that the optimal growth during the
early postnatal period for different birthweights
was extremely important for a healthy life in
later years. However, the range of early postnatal
growth for different birthweights has not been
clarified. Therefore, we aimed to elucidate this
range and detect early predictive factors for
pediatric obesity by comparing early postnatal
body mass index (BMI) changes between obese
and non-obese children.

Participants and Methods

Participants

We measured the body weight and height of
boys and girls in the fourth year of elementary
school (n =1114: 572 boys/542 girls) and second
year of junior high school (n=1407: 730 boys/677
girls) during a school medical examination. We
collected data regarding their body weight and
height at birth and three years of age from
guardians or parents by using questionnaires
with their consent. We obtained and examined
data from 1001 (515 boys/486 girls) elementary
school children and 1222 (625 boys/597 girls)
junior high school children in this study.
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Methods

We calculated the BMI at birth, three years
of age, and in the fourth year of elementary school
or second year of junior high school. We also
calculated the changes of BMI from birth to three
years of age and degree of obesity (% overweight
for standard weight). Based on birthweight, we
divided the children into three groups: low (<
2500 g), middle (2500-3500 g), and high (> 3500
g). Furthermore, we divided the children into
two groups, obese (20% <) and non-obese (20%
>), according to the degree of obesity.

We analyzed the relationship between
birthweight and the change of BMI from birth
to three years of age (ABMI) and BMI at three
years of age (3yBMI) of each birthweight group.
We also compared the ABMI and 3yBMI between
non-obese and obese children separately for boys
1n elementary school, girls in elementary school,
boys in junior high school, and girls in junior high
school. Furthermore, we compared the ABMI and
3yBMI between non-obese and obese children
according to different birthweights. We analyzed
the relationship between the ABMI and degree
of obesity and between the 3yBMI and degree
of obesity.

BMI was calculated according to the
following formula: BMI = bodyweight/height?
(kg/m?). The degree of obesity was calculated
based on the “Evaluation of Physical Build of
Japanese Children” published by the Japanese
Society for Pediatric Endocrinology (standard
body weight was calculated by sex, age, and
height). A child was classified as obese if his or her
degree of obesity was over 20%. Informed consent
was obtained from parents or guardians. The
study protocol was approved by the institutional

review board of Hamamatsu University School
of Medicine.

Statistics

Results are expressed as means + standard
deviation. Statistical difference was determined
by the two-tailed Student’s ¢ test. A difference of p
<0.05 was considered significant. The correlation
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The correlation between birthweight and ABMI during the early postnatal period.

ABMI has a strict inverse correlation with birthweight. It is the change in BMI from
birth to 3 yr of age. The data were obtained by combining the ABMI of children in
elementary school and junior high school. A: Boys (n = 1140), B: girls (n=1083), BW:

birthweight.

coefficient between the ABMI and birthweight,
between the ABMI and degree of obesity, and
between the 3yBMI and degree of obesity was
obtained using simple regression analysis.

Results

The ABMI from birth to three years of
age showed a strong inverse relationship with
birthweight (boys: r =—0.485, p < 0.0001; girls:
r =-0.509, p < 0.0001) (Fig. 1). The ABMI and
3yBMI of each birthweight group are shown in
Figs. 2 and 3, respectively. The ABMI differed
markedly among the three birthweight groups.
It was the highest in the low-birthweight group
and the lowest in the high-birthweight group.
The 3yBMI was also different among the three
birthweight groups. In contrast to the ABMI, the
3yBMI was the lowest in the low-birthweight
group and the highest in the high-birthweight
group. The obese children (both boys and girls)
showed high ABMI and 3yBMI compared with
the non-obese children both in elementary and
junior high school (Figs. 4 and 5). Table 1 shows
the ABMI and 3yBMI levels in non-obese and
obese children by birthweight. The ABMI and

3yBMI tended to be higher in obese than in
non-obese children, considering birthweight,
except for the low- and high-birthweight girls
in elementary school and the low-birthweight
boys in junior high school. The ABMI and 3yBMI
showed significant positive correlations with the
degree of obesity in boys and girls in elementary
school and junior high school (Figs. 6 and 7).

Discussion

This study showed that the degree of BMI
changes during the early postnatal period varied
according to birthweight and the ABMI and 3yBMI
could be predictive factors for pediatric obesity.
Being overweight contributes to health problems
even among children, including psychosocial
consequences (12) and cardiovascular risk
factors, such as hypertension, hyperlipidemia, or
type 2 diabetes (13, 14). Furthermore, overweight
children are more likely to become obese as
adults (15, 16). Therefore, early prevention of
obesity is very important.

Several authors (17-24) have proposed that
there are critical periods during childhood that
influence the development of obesity, including
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. ABMI for different birthweight groups. Low indicates birthweight < 2500 g.

Middle indicates birthweight between 2500—-3500 g. High indicates birthweight
> 3500 g. ABMI is the change in BMI from birth to 3 yr of age. * significant
difference (p < 0.0001) between low- and middle-birthweight groups. **
significant difference (p <0.0001) between middle- and high-birthweight groups.
*** significant difference (p <0.0001) between low- and high-birthweight groups.
The data were obtained by combining the data of children in elementary school
and junior high school. A: Boys, low (n = 49), middle (n = 872), and high (n =
219). B: Girls, low (n = 63), middle (n = 867), and high (n = 153).
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Fig. 3. 3yBMI for different birthweight groups. Low indicates birthweight < 2500 g.

Middle indicates birthweight between 2500-3500 g. High indicates birthweight
> 3500 g. 3yBMI is the BMI at 3 yr of age. * significant difference (p < 0.05)
between low- and middle-birthweight groups. ** significant difference (p <0.0001)
between middle- and high-birthweight groups. *** significant difference (p <
0.0001) between low- and high-birthweight groups. The data were obtained by
combining the data of children in elementary school and junior high school. A:
Boys, low (n = 49), middle (n = 872), and high (n = 219). B: Girls, low (n = 63),
middle (n = 867), and high (n = 153).
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Fig. 4. The comparison of ABMI between non-obese and obese children. ABMI
was significantly higher in obese children than in non-obese children
in all four groups (boys in elementary school, girls in elementary
school, boys in junior high school, and girls in junior high school). It
is the change in BMI from birth to 3 yr of age. A: Boys in elementary
school: non-obese (n = 466) and obese (n = 49). B: Girls in elementary
school: non-obese (n = 444) and obese (n = 42). C: Boys in junior high
school: non-obese (n = 583) and obese (n = 42). D: Girls in junior high
school: non-obese (n = 564) and obese (n = 33).

gestation and early infancy. The accelerator
hypothesis is well known in epidemiological
studies of diabetes mellitus (25). Enhanced
weight gain in infancy is associated with
an increased risk of diabetes in childhood.
Wadsworth et al. reported that early adiposity
rebound is associated with an increased
incidence of type 2 diabetes (26). However, it
1s unknown how the degree of catch-up growth
induces obesity or diabetes. Furthermore,
the period of catch-up growth critical for the
induction of obesity or diabetes is controversial.
Several studies have suggested that the critical
period is within the first 4-24 months of life

(17-20), while others report it as within the
first 4-6 years (21-24).

Karaolis-Danckert et al. (27) have published
data demonstrating that rapid growth during
infancy and early childhood results in increased
BMI and body fat percentage throughout
childhood and an increased risk of being
overweight at seven years of age, even among
children of birthweight appropriate for their
gestational age. Parsons et al. (28) also reported
that the risk of adult obesity was higher among
participants who had grown to a greater
proportion of their eventual adult height by age
of seven years. Barker et al. (29) reported that
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Fig. 5. The comparison of 3yBMI between non-obese and obese children.
3yBMI was significantly higher in obese than in non-obese children
in all four groups (boys in elementary school, girls in elementary
school, boys in junior high school, and girls in junior high school). It
is the BMI at 3 yr of age. A: Boys in elementary school: non-obese (n
= 466) and obese (n = 49). B: Girls in elementary school: non-obese
(n =444) and obese (n = 42). C: Boys in junior high school: non-obese
(n=>583) and obese (n = 42). D: Girls in junior high school: non-obese

(n =564) and obese (n = 33).

low BMI at two years of age and increased BMI
from two to 11 yr of age were associated with an
increase in fasting insulin concentrations. These
data are mainly for low-birthweight infants.
High birthweight is also a risk factor for obesity
or diabetes (10, 11); however, most individuals
who develop diabetes have normal birthweights.

Gluckman et al. (30-33) have hypothesized
that greater disease risk is created by a mismatch
between the environment predicted during the
plastic phase of development and the actual
environment experienced in the postplastic
phase; this might contribute to the current
epidemics of type 2 diabetes and obesity. Ong
et al. (34) introduced the idea that nutritional
strategies that promote catch-up growth should

include monitoring of weight-for-length and
adiposity and the concept of “healthy catch-up
growth” should be the goal of future research.

From these ideas, we hypothesized that
there is optimal growth for different birthweights
and the risk of developing a metabolic syndrome
1sincreased when the increase in early postnatal
BMI is over the optimal growth for a particular
birthweight. To test our hypothesis, we analyzed
early postnatal BMI changes by different
birthweights and compared them between non-
obese and obese children.

The ABMI showed a markedly inverse
correlation with birthweight. It was significantly
different among the three birthweight groups.
It was the highest in the low-birthweight group
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Table 1 Comparison of ABMI and 3yBMI between non-obese
and obese children among different birthweight groups

ABMI 3yBMI
BE L N (20) 5.04 + 1.87 15.3+1.0 %
0 (3) 7.15+0.81 16.8+1.2
N (366) 3.19 £ 1.42 *** 15,7+ 1.1 ***
0 (37) 4.58+2.16 16.9+1.8
H N (80) 2.06+ 1.43 ** 16.1 4+ 1.1 ***
0 (9) 3.58 +2.00 17.8+1.2
GE L N (29) 4.91+1.44% 15.5+1.3%
0 (0) 0 0
N (364) 3.18 £ 1.41 *** 15.6+ 1.1%%*
0 (32) 4.78+1.27 16.7+ 1.1
H N (51) 1.65+ 1.49 16.2+1.0
0 (10) 1.62+1.30 16.7+1.0
BJ L N (24) 4.99+1.32 15.5+1.0
02 4.57+1.41 15.4+0.7
N (438) 3.36+1.36* 15.9+ 1.0 ***
0 (31) 3.88+ 1.46 16.7+1.2
H N (121) 2.26+1.42 * 16.1+ 1.1 %*
0 (9) 3.52+1.73 17.8+1.7
GJ L N (33) 4.72+1.33% 15.2+1.1%
0 (1) 8.61 17.8
N (448) 3.12+ 1.41 ** 15,7+ 1.1 ***
0 (23) 3.99 + 1.68 16.7+1.5
H N (83) 2.00 + 1.45 16.4+ 1.2 **
0 (9) 2.44 +2.33 17.6+2.1

*p<0.05, **p<0.01, *** p <0.0001, * not done. BE: boys in elemen-
tary school, GE: girls in elementary school, BJ: boys in junior high
school, GdJ: girls in junior high school, L: low-birthweight group, M:
middle-birthweight group, H: high-birthweight group, N: non-obese,
O: obese, 3yBMI: BMI at 3 yr of age, ABMI: the change of BMI from
birth to 3 yr of age. Numbers in parentheses indicate the number

of children.

and the lowest in the high-birthweight group.
These results suggest that the early postnatal
period is the recovery phase for growth, which
is deviated during the fetal period, and the
catch-up growth in low-birthweight children and
catch-down growth in high-birthweight children
are the physiological events for the recovery of
deviated growth during the fetal period.

The ABMI and 3yBMI of obese children were
higher compared with those of non-obese children.
Also, they showed markedly positive correlations
with the degree of obesity. This suggests that

obesity is induced when the increase in early
postnatal BMI is over the optimal range and the
degree of early postnatal growth is related to the
severity of obesity.

We also analyzed the ABMI and 3yBMI
between non-obese and obese children according
to birthweight because they varied by birthweight.
They tended to be higher in obese children than
in non-obese children by birthweight. However,
there was no further significant difference in
the ABMI and 3yBMI between non-obese and
obese children in consideration of birthweight.
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Fig. 6. The correlation between ABMI and the degree of obesity. ABMI was
significantly positively correlated with the degree of obesity in all four groups
(boys in elementary school, girls in elementary school, boys in junior high
school, and girls in junior high school). It is the change in BMI from birth
to 3 yr of age. A: Boys in elementary school (n =515), B: girls in elementary
school (n =486), C: boys in junior high school (n =625), and D: girls in junior

high school (n = 597).

In this study, we had a small number of children.
Therefore, we speculate that a further significant
difference would occur if we increased our sample
size. Further studies are needed to clarify the
relationships between early postnatal growth,
obesity induction, and birthweight.

Adair reported that early postnatal growth
patterns differed according to relative weight
at birth and relatively thin infants at birth had
larger increases in BMI during the first six
postnatal months in the Philippines (35). Kain
et al. compared BMI growth characteristics of
normal, overweight, and obese children from
zero to five years of age. They reported that
BMI Z differences between normal and obese

children were significant from birth, similar to
our results (36), and the differences were the
greatest between 6-12 and 36-52 mo.

In this study, we could not obtain data before
three years of age, gestational age, number of
births, or mode of delivery. The addition of
these data may have produced more interesting
results. Further studies are needed to investigate
these factors.

In conclusion, we demonstrated that early
postnatal growth differs by birthweight and
the growth range differs between obese and
non-obese children. Analysis of early postnatal
growth by birthweight might be useful to predict
and prevent pediatric obesity. This study
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Fig. 7. The correlation between 3yBMI and the degree of obesity. 3yBMI was
significantly positively correlated with the degree of obesity in all four groups
(boys in elementary school, girls in elementary school, boys in junior high
school, and girls in junior high school). It is the BMI at 3 yr of age. A: Boys in
elementary school (n = 515), B: girls in elementary school (n = 486), C: boys in
junior high school (n = 625), and D: girls in junior high school (n = 597).

suggests that the growth chart by birthweight
1S necessary.

1.

2.

References

Karn MN, Penrose LS. Birth weight and
gestation time in relation to maternal age, parity
and infant survival. Ann Eugen 1951;16: 147—64.
[Medline] [CrossRef]

Alberman E. Are our babies becoming bigger? J
R Soc Med 1991;84: 257—-60. [Medline]

Ong KK, Ahmed ML, Emmett PM, Preece MA,
Dunger DB. Association between postnatal catch-
up growth and obesity in childhood: prospective
cohort study. BMdJ 2000;320: 967-71. [Medline]
[CrossRef]

4.

Eriksson JG, Forsén T, Tuomilehto J, Winter
PD, Osmond C, Barker DdJ. Catch-up growth in
childhood and death from coronary heart disease:
longitudinal study. BMJ 1999;318: 427-31.
[Medline] [CrossRef]

Forsén T, Eriksson J, Tuomilehto J, Reunanen
A, Osmond C, Barker D. The fetal and childhood
growth of persons who develop type 2 diabetes.
Ann Intern Med 2000;133: 176-82. [Medline]
[CrossRef]

Leeson CP, Kattenhorn M, Morley R, Lucas
A, Deanfield JE. Impact of low birth weight
and cardiovascular risk factors on endothelial
function in early adult life. Circulation 2001;103:
1264-8. [Medline] [CrossRef]

Jaquet D, Léger J, Lévy-Marchal C, Czernichow


http://www.ncbi.nlm.nih.gov/pubmed/14885877?dopt=Abstract
http://dx.doi.org/10.1111/j.1469-1809.1951.tb02469.x
http://www.ncbi.nlm.nih.gov/pubmed/2041000?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10753147?dopt=Abstract
http://dx.doi.org/10.1136/bmj.320.7240.967
http://www.ncbi.nlm.nih.gov/pubmed/9974455?dopt=Abstract
http://dx.doi.org/10.1136/bmj.318.7181.427
http://www.ncbi.nlm.nih.gov/pubmed/10906831?dopt=Abstract
http://dx.doi.org/10.7326/0003-4819-133-3-200008010-00008
http://www.ncbi.nlm.nih.gov/pubmed/11238271?dopt=Abstract
http://dx.doi.org/10.1161/01.CIR.103.9.1264

28

10.

11.

12.

13.

14.

15.

16.

17.

Nakagawa et al.

P. Low birth weight: effect on insulin sensitivity
and lipid metabolism. Horm Res 2003;59: 1-6.
[Medline]

Barker DJ, Winter PD, Osmond C, Margetts B,
Simmonds SJ. Weight in infancy and death from
ischaemic heart disease. Lancet 1989;2: 577—80.
[Medline] [CrossRef]

Hales CN, Barker DdJ, Clark PM, Cox LdJ, Fall
C, Osmond C, et al. Fetal and infant growth
and impaired glucose tolerance at age 64. BMdJ
1991;303: 1019-22. [Medline] [CrossRef]
Eriksson JG, Forsen Td, Osmond C, Barker DdJ.
Pathways of infant and childhood growth that
lead to type 2 diabetes. Diabetes Care 2003;26:
3006—10. [Medline] [CrossRef]

Dabelea D, Hanson RL, Lindsay RS, Pettitt Dd,
Imperatore G, Gabir MM, et al. Intrauterine
exposure to diabetes conveys risks for type
2 diabetes and obesity: a study of discordant
sibships. Diabetes 2000;49: 2208-11. [Medline]
[CrossRef]

Strauss RS. Childhood obesity and self-esteem.
Pediatrics 2000;105: e15. [Medline] [CrossRef]
Freedman DS, Dietz WH, Srinivasan SR,
Berenson GS. The relation of overweight to
cardiovascular risk factors among children
and adolescents: the Bogalusa Heart Study.
Pediatrics 1999;103: 1175-82. [Medline]
[CrossRef]

Fagot-Campagna A, Pettitt DJ, Engelgau MM,
Burrows NR, Geiss LS, Valdez R, et al. Type 2
diabetes among North American children and
adolescents: an epidemiologic review and a
public health perspective. J Pediatr 2000;136:
664—72. [Medline] [CrossRef]

Whitaker RC, Wright JA, Pepe MS, Seidel KD,
Dietz WH. Predicting obesity in young adulthood
from childhood and parental obesity. N Engl J
Med 1997;337: 869-73. [Medline] [CrossRef]
Guo SS, Wu W, Chumlea WC, Roche AF.
Predicting overweight and obesity in adulthood
from body mass index values in childhood and
adolescence. Am J Clin Nutr 2002;76: 653-8.
[Medline]

Stettler N, Zemel BS, Kumanyika S, Stallings
VA. Infant weight gain and childhood overweight
status in a multicenter, cohort study. Pediatrics
2002;109: 194-9. [Medline] [CrossRef]

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

Vol.27 / No.1

Stettler N, Kumanyika SK, Katz SH, Zemel BS,
Stallings VA. Rapid weight gain during infancy
and obesity in young adulthood in a cohort of
African Americans. Am J Clin Nutr 2003;77:
1374-8. [Medline]

Toschke AM, Grote V, Koletzko B, von Kries R.
Identifying children at high risk for overweight
at school entry by weight gain during the first
2 years. Arch Pediatr Adolesc Med 2004;158:
449-52. [Medline] [CrossRef]

Ong KK, Dunger DB. Birth weight, infant
growth and insulin resistance. Eur J Endocrinol
2004;151(Suppl 3): U131-9. [Medline] [CrossRef]
Berkowitz RI, Stallings VA, Maislin G, Stunkard
Ad. Growth of children at high risk of obesity
during the first 6 y of life: implications for
prevention. Am J Clin Nutr 2005;81: 140-6.
[Medline]

Dennison BA, Edmunds LS, Stratton HH,
Pruzek RM. Rapid infant weight gain predicts
childhood overweight. Obesity (Silver Spring)
2006;14: 491-9. [Medline] [CrossRef]
McCarthy A, Hughes R, Tilling K, Davies
D, Smith GD, Ben-Shlomo Y. Birth weight;
postnatal, infant, and childhood growth; and
obesity in young adulthood: evidence from the
Barry Caerphilly Growth Study. Am J Clin Nutr
2007;86: 907—-13. [Medline]

Corvalan C, Gregory CO, Ramirez-Zea M,
Martorell R, Stein AD. Size at birth, infant,
early and later childhood growth and adult body
composition: a prospective study in a stunted
population. Int J Epidemiol 2007;36: 550-7.
[Medline] [CrossRef]

Knerr I, Wolf J, Reinehr T, Stachow R, Grabert
M, Schober E, et al. DPV Scientific Initiative
of Germany and Austria. The accelerator
hypothesis: relationship between weight, height,
body mass index and age at diagnosis in a large
cohort of 9,248 German and Austrian children
with type 1 diabetes mellitus. Diabetologia
2005;48: 2501—4. [Medline] [CrossRef]
Wadsworth M, Butterworth S, Marmot M, Ecob
R, Hardy R. Early growth and type 2 diabetes:
evidence from the 1946 British birth cohort.
Diabetologia 2005;48: 2505—-10. [Medline]
[CrossRef]

Karaolis-Danckert N, Buyken AE, Bolzenius K,


http://www.ncbi.nlm.nih.gov/pubmed/12566728?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2570282?dopt=Abstract
http://dx.doi.org/10.1016/S0140-6736(89)90710-1
http://www.ncbi.nlm.nih.gov/pubmed/1954451?dopt=Abstract
http://dx.doi.org/10.1136/bmj.303.6809.1019
http://www.ncbi.nlm.nih.gov/pubmed/14578231?dopt=Abstract
http://dx.doi.org/10.2337/diacare.26.11.3006
http://www.ncbi.nlm.nih.gov/pubmed/11118027?dopt=Abstract
http://dx.doi.org/10.2337/diabetes.49.12.2208
http://www.ncbi.nlm.nih.gov/pubmed/10617752?dopt=Abstract
http://dx.doi.org/10.1542/peds.105.1.e15
http://www.ncbi.nlm.nih.gov/pubmed/10353925?dopt=Abstract
http://dx.doi.org/10.1542/peds.103.6.1175
http://www.ncbi.nlm.nih.gov/pubmed/10802501?dopt=Abstract
http://dx.doi.org/10.1067/mpd.2000.105141
http://www.ncbi.nlm.nih.gov/pubmed/9302300?dopt=Abstract
http://dx.doi.org/10.1056/NEJM199709253371301
http://www.ncbi.nlm.nih.gov/pubmed/12198014?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11826195?dopt=Abstract
http://dx.doi.org/10.1542/peds.109.2.194
http://www.ncbi.nlm.nih.gov/pubmed/12791612?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15123477?dopt=Abstract
http://dx.doi.org/10.1001/archpedi.158.5.449
http://www.ncbi.nlm.nih.gov/pubmed/15554898?dopt=Abstract
http://dx.doi.org/10.1530/eje.0.151U131
http://www.ncbi.nlm.nih.gov/pubmed/15640473?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16648621?dopt=Abstract
http://dx.doi.org/10.1038/oby.2006.64
http://www.ncbi.nlm.nih.gov/pubmed/17921364?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17376801?dopt=Abstract
http://dx.doi.org/10.1093/ije/dym010
http://www.ncbi.nlm.nih.gov/pubmed/16283240?dopt=Abstract
http://dx.doi.org/10.1007/s00125-005-0033-2
http://www.ncbi.nlm.nih.gov/pubmed/16283235?dopt=Abstract
http://dx.doi.org/10.1007/s00125-005-0007-4

January 2018

28.

29.

30.

31.

Perim de Faria C, Lentze MdJ, Kroke A. Rapid
growth among term children whose birth weight
was appropriate for gestational age has alonger
lasting effect on body fat percentage than on body
mass index. Am J Clin Nutr 2006;84: 1449-55.
[Medline]

Parsons TJ, Power C, Manor O. Fetal and
early life growth and body mass index from
birth to early adulthood in 1958 British cohort:
longitudinal study. BMJ 2001;323: 1331-5.
[Medline] [CrossRef]

Barker DJ, Osmond C, Forsén TJ, Kajantie
E, Eriksson JG. Trajectories of growth among
children who have coronary events as adults.
N Engl J Med 2005;353: 1802—-9. [Medline]
[CrossRef]

Gluckman PD, Hanson MA. Developmental
origins of disease paradigm: a mechanistic and
evolutionary perspective. Pediatr Res 2004;56:
311-7. [Medline] [CrossRef]

Gluckman PD, Hanson MA. Living with the past:

32.

33.

34.

35.

36.

BMI changes in children with different birthweights 29

evolution, development, and patterns of disease.
Science 2004;305: 1733—6. [Medline]| [CrossRef]
Gluckman PD, Hanson MA. The developmental
origins of the metabolic syndrome. Trends
Endocrinol Metab 2004;15: 183-7. [Medline]
[CrossRef]

Gluckman PD, Hanson MA, Spencer HG.
Predictive adaptive responses and human
evolution. Trends Ecol Evol 2005;20: 527-33.
[Medline] [CrossRef]

Ong KK. Catch-up growth in small for gestational
age babies: good or bad? Curr Opin Endocrinol
Diabetes Obes 2007;14: 30-4. [Medline]
[CrossRef]

Adair LS. Size at birth and growth trajectories
to young adulthood. Am J Hum Biol 2007;19:
327-37. [Medline] [CrossRef]

Kain J, Corvalan C, Lera L, Galvan M, Uauy
R. Accelerated growth in early life and obesity
in preschool Chilean children. Obesity (Silver
Spring) 2009;17: 1603—8. [Medline] [CrossRef]


http://www.ncbi.nlm.nih.gov/pubmed/17158429?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11739217?dopt=Abstract
http://dx.doi.org/10.1136/bmj.323.7325.1331
http://www.ncbi.nlm.nih.gov/pubmed/16251536?dopt=Abstract
http://dx.doi.org/10.1056/NEJMoa044160
http://www.ncbi.nlm.nih.gov/pubmed/15240866?dopt=Abstract
http://dx.doi.org/10.1203/01.PDR.0000135998.08025.FB
http://www.ncbi.nlm.nih.gov/pubmed/15375258?dopt=Abstract
http://dx.doi.org/10.1126/science.1095292
http://www.ncbi.nlm.nih.gov/pubmed/15109618?dopt=Abstract
http://dx.doi.org/10.1016/j.tem.2004.03.002
http://www.ncbi.nlm.nih.gov/pubmed/16701430?dopt=Abstract
http://dx.doi.org/10.1016/j.tree.2005.08.001
http://www.ncbi.nlm.nih.gov/pubmed/17940416?dopt=Abstract
http://dx.doi.org/10.1097/MED.0b013e328013da6c
http://www.ncbi.nlm.nih.gov/pubmed/17421008?dopt=Abstract
http://dx.doi.org/10.1002/ajhb.20587
http://www.ncbi.nlm.nih.gov/pubmed/19265798?dopt=Abstract
http://dx.doi.org/10.1038/oby.2009.37

