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Summary

Earth and Life Sciences and EMGO Institute

Excess weight in early life is believed to increase susceptibility to obesity, and in
support of such theory, excess weight and fast weight gain in early childhood have
been related to overweight later in life. The aim of this study was to review the
literature on body size and growth in 0- to 4-year-old children and the association
with body size at age 5–13 years. In total, 43 observational studies on body size
and/or growth were included, of which 24 studies had been published in 2005 or
later. Twenty-one studies considered body size at baseline, and 31 studies considered growth which all included assessment of weight gain. Eight (38%) studies
on body size, and 15 (48%) on weight gain were evaluated as high-quality studies.
Our results support conclusions in previous reviews of a positive association
between body size and weight gain in early childhood, and subsequent body size.
Body size at 5–6 months of age and later and weight gain at 0–2 years of age were
consistently positively associated with high subsequent body size. Results in this
review were mainly based on studies from developed Western countries, but seven
studies from developing countries showed similar results to those from developed
countries.
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Introduction
Intrauterine and post-natal life is believed to be critical
periods for programming of physiology and metabolism,
and thereby of the predisposition of various metabolic diseases in later life, including obesity (1–3). Obesity with
early onset results in an increase in fat cell number, which
is thought to lead to increased susceptibility to obesity later
in life (3). These theories are supported by data from observational studies which have shown that high weight in
infancy is related to an increased risk of overweight in
childhood, adolescence and adulthood (4–7). Two reviews

considered body size in 0- to 2-year-olds and the relation to
subsequent body size at any age (4,5). Baird et al. concluded from 24 studies of people born in 1927 onto 1994
that large body size and fast weight gain was related to an
increased risk of obesity (4). In the other review, Ong
& Loos calculated an odds ratio for obesity of 1.8 for an
increase of ⱖ0.67 standard deviations (SD) in infant weight
gain compared to an increase <0.67 SD (5). A more recent
review by Singh et al., which includes publications up to
February 2007, showed that large body size at any age
between 0 and 18 years was related to adult overweight or
obesity (6). These data indicate an association between
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body size in early life and in later life. However, a large
number of new studies have emerged which were not
included in previous reviews. Furthermore, the association
has not been characterized in detail with respect to the
child’s age at measurement of growth.
We reviewed the literature on body size and growth in
0- to 4-year-old children and the association with subsequent body size. The association naturally becomes weaker
with an increasing time between baseline and outcome
measurement. Therefore, we restricted the outcome age
to a maximum of 13 years which makes results between
studies more comparable. We aimed to investigate the
direction and strength of association in age groups, within
the age range 0–4 years at baseline.

Methods
We searched for studies which reported on the association
between body size or growth in children 0–4 years old, i.e.
up to the fourth birthday, and body size at age 5–13 years.
Measurements at baseline for body size and growth that
were considered relevant were weight and height and any
combinations thereof such as weight-for-height, body mass
index (BMI, kg m-2) and ponderal index (kg m-3). Measurements of fatness such as skin-folds or waist circumference were also considered relevant. The same factors were
included as outcome measures, with the exception of height.
We considered articles for inclusion if the association was
reported as relative risk or odds ratio, or if these estimates
could be calculated from the reported data, i.e. relative risks
for cohort studies, and odds ratios for case–control studies.
Use of linear regression or similar analyses was also considered relevant, as was comparison of levels of exposure and
levels of outcome. If none of these results were reported,
data on correlation coefficients between relevant factors
were included if these were available. Studies in which body
size had been assessed only at birth and cross-sectional
studies were not considered for inclusion. We restricted our
search to publications in English language.
Studies fulfilling these criteria were searched for by a
systematic narrative literature search. We first evaluated
studies included in the reviews by Baird et al. (4), Ong &
Loos (5) and Singh et al. (6), from which 18 studies were
included. Another 25 studies were found through ‘snowballing’ (8). The snowball search included systematic citation tracking, and screening of reference lists of articles
already identified for inclusion, and of key papers in childhood obesity research (e.g. Whitaker et al. (9), Ong et al.
(10), Reilly et al. (11) and Cole et al. (12)). PubMed and ISI
Web of Knowledge were used in the literature search. We
included articles published before 1 March 2010.
The quality of studies was assessed according to the
method suggested by the Centre for Reviews and Dissemination (13). We used the checklist for quality scoring as

described by Baird et al. (14) with some modifications
(Appendix S1). Cohort studies were evaluated by eleven
criteria, and 12 criteria were used for case–control studies.
The criteria were used to assess appropriateness with respect
to study design, body size measurements, follow-up and
controlling of presumable confounders. Confounders that
were considered important to control for were sex, age,
infant feeding, and parents’ body size and socioeconomic
status. Each criterion was scored as -1, 0 or 1, and the sum
composed an overall quality score (mean = 0.3, SD = 3.0).
Studies were categorized as low (<-1), medium (-1 to 1) or
high (>1) quality. The evaluation was directly related to the
results that we report in this review, which did not always
correspond to the main analysis reported on in the study.
Each study was evaluated independently by two authors,
T. S. and C. M. R. or A. M. W. B., and disagreements were
resolved through consensus between the three authors.

Results
Forty-one of the 43 included studies were cohort studies,
and two were case–control studies. The study participants
were born between 1959 and 2006, and studies were
published in the periods: 1970–1984, eight studies; 1985–
1999, zero studies; 2000–2004, 10 studies; and 2005–
2010, 25 studies. Thirty-six studies (84%) originated
from developed countries in Europe, North America
and Australia/New Zeeland, and seven (16%) studies were
from developing countries (15) in middle/south America,
Asia and Africa (16–22). Twenty-one studies, based on
data from 20 cohorts, reported on body size at baseline
(Table 1), and 31 studies from 25 cohorts reported on
growth (Table 2). Nine of these studies reported on both
size and growth, of which in two studies the association
with subsequent body size had been analysed differently for
body size versus growth at baseline (38,40). We ranked the
quality of these analyses differently, which resulted in different overall quality scoring. Thus, we report on study (or
analysis) quality separately for body size and growth.
We rated six (29%) studies on body size to be of low
quality, and eight (38%) studies were considered as high
quality. The corresponding numbers for studies on growth
were five (16%) low- and 15 (48%) high-quality studies.
The most common sources of poor quality were high
dropout rates in prospective studies or low participation
rates in retrospective studies, and that measurements of
body size or growth were poorly assessed or described.
Other common sources of poor quality were the use of
inappropriate statistical methods to assess the association
between body size or growth and subsequent body size,
and poor control of potential confounders. The majority
of high-quality studies, 63% on body size and 73% on
growth, were published in 2005 and later.
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9 years

4.7 years

(1) 9.5 years
(2) 9 years

9 years

4.3 years

Weight-for-age >120% vs.
ⱕ120%, when height is at pc
50, at mean age 5 months
(range: 0.5–12 months)
Weight >pc 90 vs. ⱕpc 90
for sex and age, at age:
(1) 6 months
(2) 1 year
BMI ⱖ25 vs. <25 kg m-2 for
sex and age on IOTF charts,
at age 2 years
(1) BMI kg m-2 ⱖpc 85 vs.
<pc 85 for sex and age on
IOTF charts, at age 3 years
(2) BMI kg m-2 ⱖpc 95 vs.
<pc 95 for sex and age on
IOTF charts, at age 3 years

203 (49% boys),
1968–1970

42–48 cases (42% boys)
and equal number of
controls in analyses,
1960–1962

90 (57% boys),
1975–1976

749 (51% boys), 1997

Poskitt (1977) (29) Dudley,
UK

Wilkinson (1977) (30)
Newcastle, UK

Magarey (2003) (31)
Adelaide, Australia

Vanhala (2009) (32) Oulu,
Finland

146 (51% boys),
1960–1965

Weight-for-height >1 SD vs.
<-1 SD, at age 1 years

Johnston
(1978) (28)

6 years

Weight, per 100 g, at age
1 year

18 406 (50% boys),
1959–1965

Stettler (2002)
(27)

Collaborative
perinatal
project, USA,
nationwide (Stettler),
and Philadelphia
(Johnston)

Weight, per kg, at age:
(1) 5 months
(2) 2.5 years

815–846 (47% boys),
1997–1998

Touchette (2008) (26)
Quebec, Canada

RR calculated from
contingency table

(1A):
(1B):
(2A):
(2B):

6.03
6.57
12.4
25.5

(4.65–7.83)
(4.63–9.33)
(10.4–14.6)
(16.2–39.9)

RR, (1): 5.20 (3.97–6.82)
RR, (2): 4.45 (2.99–6.65)

RR: 4.31 (1.95–9.51)

OR, (1): 2.00 (0.88–4.56)
OR, (2): 1.62 (0.63–4.15)

RR: 9.38 (1.64–53.6)

RR, (A): boys, 2.52 (0.58–11.1);
girls, 5.51 (1.78–17.1)
RR, (B): boys, 3.31 (1.26–8.67);
girls, 8.27 (2.07–33.0)

OR: 1.05 (1.04–1.05)

OR, (1): 1.42 (1.20–1.67)
OR, (2): 1.62 (1.46–1.80)

OR: 1.48 (1.34–1.62)

OR,
OR,
OR,
OR,

OR, (1): 2.2 (0.8–6.1)
OR, (2): 2.5 (0.9–7.2)

OR, (1): 3.03 (1.89–4.85)
OR, (2): 3.71 (2.29–6.00)

Association‡

Low

Low

Medium

Medium

Low

High

Low

Low

Medium

Medium

High

Quality
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BMI kg m-2 ⱖpc 85 for sex
and age on IOTF charts at
mean age 7.3 years (SD: 0.3)

RR calculated from
contingency table

OR calculated from
contingency table

Weight-for-height >pc 97
(cases) vs. pc 25–75
(controls), at age 10 years
BMI ⱖ25 kg m-2 for sex and
age on IOTF charts, at age
11 years¶

RR calculated from
contingency table

Weight-for-age >120% when
height is at pc 50, at mean
age 5.1 years (range: 4.3–6.4
years)

OR by logistic regression

BMI, kg m-2, >pc 95 for sex
and age, at age 7 years

RR calculated from
contingency table

OR by logistic regression

(A) BMI ⱖ25 kg m-2 for sex
and age on IOTF charts, at
age 6 years

(1) 5.6 years
(2) 3.5 years

(A) predicted weight for
height, sex and age/actual
weight ⱖ120% at age 10
years§
(B) triceps skin-folds, mm, >pc
90 for sex, age and race, at
age 10 years§

OR by logistic regression,
adjusted for sex, birth weight,
age, overweight in mother and
mother’s education

BMI >25 kg m-2 for sex and
age on IOTF charts, at mean
age 7.0 years (SD: 0.1)

6.0 years

BMI, per kg m-2, at mean age
1.0 year (SD: 0.1)

2347 (52% boys),
1996–1997

Scholtens (2007) (25) the
Netherlands

OR by logistic regression,
adjusted for birth weight,
parents’ BMI, parents’
education, parents’ age, single
parent, number of siblings

(A) BMI >25 kg m-2 for sex
and age on IOTF charts, at
age 5 years
(B) BMI >30 kg m-2 for sex
and age on IOTF charts, at
age 5 years

(1) 4 years
(2) 2.5 years

(1) BMI kg m-2 >pc 95 vs.
ⱕpc 95 for sex and age, at
age 1 year
2) BMI kg m-2 >25 vs. ⱕ25 for
sex and age on IOTF charts,
at age 2.5 years

4292 (48% boys),
1997–1999

Huus (2007) (24)
south-east Sweden

OR by logistic regression

BMI, kg m-2, ⱖpc 95 at age
12 years

(1) 10 years
(2) 9 years

BMI ⱖpc 95 vs. <pc 95 at
age:
(1) 2 years
(2) 3 years

555 (46% boys), 1991

Nader (2006) (23) USA

OR by logistic regression

BMI z ⱖ 1.64 (ⱖpc 95) for sex
and age, at age 7 years

(1) 6.3 years
(2) 5.5 years

Weight z, quartile 4 vs. 1–3, at
age:
(1) 8 months
(2) 1.5 years

909 (51% boys),
1991–1992

Reilly (2005) (11) Avon,
UK

Analysis

Outcome, age

Time exposureoutcome

Exposure, age

n subjects* (% boys†),
birth year

Study

Table 1 Summary of studies reporting on body size at 0–4 years of age and the association with body size at 5–13 years of age, ordered by type of analysis and cohort
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698 (sex proportion not
reported), 1994–1996

441–617, sex proportion
and birth year not
reported

Kain (2009) (17) Santiago,
Chile

1,335 (49% boys), 1989

Kinra (2005) (35)
Plymouth, UK

Joglekar (2007) (19)
Pune, India

90 (46% boys), birth year
not reported

Gunnarsdottir (2003) (34)
Iceland

216 (52% boys),
1991–1993

100 (55% boys),
1981–1982

Fuentes (2003) (33)
Finland

Beta, (1): 0.19 (0.15; 0.24)
Beta, (2): 0.29 (0.26; 0.33)

Beta by linear regression

BMI z for sex and age, at
mean age 6.9 years (range:
6.2–7.5 years)

(1) 6.8 years
(6.1–7.4 years)
(2) 5.4 years
(4.7–6.0 years)

Difference in BMI at baseline
age between children with
BMI z > 2 vs. ⱕ1 at 5 years,
by general linear model,
adjusted for sex, birth weight,
age, mother’s BMI, mother’s
pregnancy smoking status,
mother’s pregnancy weight
gain, presence of gestational
diabetes or pre-eclamsia

Fat mass z at age 6 years

BMI z >2 vs. ⱕ1 for sex and
age, at age 5 years

(1) 5.5 years
(2) 5 years

(1)
(2)
(3)
(4)
(5)

Per SD z: weight, height,
mid-upper arm circumference
(MUAC), subscapular skin-fold
(SF), triceps SF, at age:
(1) 6 months
(2) 1 year

BMI, per SD z, for sex and
age, at age:**
(1) 1 month
(2) 6 months
(3) 1 year
(4) 2 years
(5) 3 years

4.9 years
4.5 years
4 years
3 years
2 years

Beta by linear regression

Fat mass index (fat mass
[kg]/height [m][4.9]) z for sex
at mean age 8.9 years
(SD: 0.3)

8.2 years

Weight, per SD z, for sex at
age 9 months

Weight, per SD z, for sex and
age, at age:
(1) 6 weeks
(2) 1.5 years

Beta by linear regression,
adjusted for baseline age

Beta, (1): boys, 0.9 (0.3; 1.5);
girls, 0.4 (-0.4; 1.2)
Beta, (2): boys, 0.1 (-0.1; 0.3);
girls, -0.02 (-0.2; 0.2)

Beta by linear regression

BMI, kg m-2, at age 6 years

5 years

(1) Weight, per kg, at age
1 year
(2) Height, per cm, at age
1 year

Difference:
(1): 0.21 (-0.06; 0.48)
(2): 0.76 (0.46; 1.05)
(3): 0.98 (0.73; 1.24)
(4): 1.16 (0.91; 1.41)
(5): 1.77 (1.49; 2.05)

Beta (1): weight, 0.35; height,
0.21; MUAC, 0.28; subscapular
SF, 0.22; triceps SF, 0.19.
P < 0.001 for all
Beta (2): weight, 0.44; height,
0.26; MUAC, 0.35; subscapular
SF, 0.26; triceps SF, 0.15.
P < 0.001 for all

Beta: boys, 0.07 (-0.01; 0.15);
girls, -0.06 (-0.25; 0.14)

(1A): RR, 1.5 (0.9–2.6)
(2B): Beta, 0.53, P < 0.001

(1A): RR reported
(2B): Beta by linear
regression, adjusted for sex,
birth weight, parent’s
education, obesity in parents,
family history of CVD

(A) BMI, kg m-2, tertile
3 at age 7 years
(B) BMI, kg m-2, at age
7 years

Association‡

6.5 years

Analysis

(1) BMI, kg m-2, tertile 3 vs.
1–2 for sex and age, at age
6 months
(2) BMI, per kg m-2, at age
6 months

Outcome, age

Time exposureoutcome

Exposure, age

High

High

High

High

High

High

Quality

Body size and growth in 0- to 4-year-olds

Gale (2007) (36)
Southampton, UK

n subjects* (% boys†),
birth year

Study

Table 1 Continued
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476 (49% boys), birth
year not reported

105 (57% boys),
1990–1993

346 (47% boys),
1975–1977

591 (49% boys),
including 41% of
subjects small for
gestational age,
1995–1997

Dine (1979) (37) USA

Vogels (2006) (38)
Limburg, the Netherlands

Law (2002) (39)
Brompton, UK

Blair (2007) (40)
Auckland, New Zeeland

3.4 years

Fat mass % at mean age 3.9
years (range: 3.5–4 years)

Fat mass % at mean age 7.3
years (range: 7–8 years)

Correlation coefficient

Medium

r: 0.58, P < 0.001

Weight z for sex and age at
2–6 years, closest to the fifth
birthday

Correlation coefficient

4 years (1–5
years)

Low

Mean (SD): (1): overweight,
10.2 (1.0) kg; normal, 9.8
(1.0) kg, P = 0.2
(2): overweight, 76.7 (2.1) cm;
normal, 76.1 (3.2) cm, P = 0.5
(3): overweight, 17.3
(1.5) kg m-2; normal 17.0
(1.4) kg m-2, P = 0.3
Comparison of exposure level
at 1 year in overweight vs.
normal-weight children at
12 years, Student’s t-test

BMI ⱖ25 kg m-2 (overweight)
vs. <25 kg m-2 (normal) for
sex and age on IOTF charts,
at mean age 12.4 years
(range: 11–14 years)

r: 0.67, P<0.001

Medium

Medium

11.4 years
(10–13 years)

Mean (SD):
1A, at 6 months: ⱖpc 90, 8.5
(0.9) kg; <pc 90, 7.7 (0.9) kg,
P < 0.0001
1A, at 2 years: ⱖpc 90, 13.9
(1.3) kg; <pc 90, 12.0 (1.2) kg,
P < 0.0001
1A, at 4 years: ⱖpc 90, 19.7
(1.5) kg; <pc 90, 15.9 (1.5) kg,
P < 0.0001
2B, at 6 months: ⱖpc 90, 17.6
(1.4) kg m-2; <pc 90, 16.9
(1.4) kg m-2, P < 0.0001
2B, at 2 years: ⱖpc 90, 17.6
(1.4) kg m-2; <pc 90, 16.2
(1.4) kg m-2, P < 0.0001
2B, at 4 years: ⱖpc 90, 18.3
(1.4) kg m-2; <pc 90, 15.5
(0.7) kg m-2, P < 0.0001

Comparison of exposure level
in children with weight and
BMI higher vs. lower than pc
90 at 5 years, Student’s t-test

(A) Weight, kg, ⱖpc 90 vs.
<pc 90 at 5 years
(B) BMI, kg m-2, ⱖpc 90 vs.
<pc 90 at 5 years

Quality

4.5 years, 3
years and
1 year

Association‡

Analysis

Outcome, age

Time exposureoutcome

Weight z for sex and age,
at 1 year

(1) Weight at age 1 year
(2) Height at age 1 year
(3) BMI at age 1 year

(1) Weight at age 6 months,
2 years and 4 years††
(2) BMI at age 6 months,
2 years and 4 years††

Exposure, age

*Number of subjects refers to the number included in the analysis reported on here.
†
Proportion boys in the analysis, or if not reported on in the study, in the full study group.
‡Confidence intervals correspond to 95% precision. Results are presented for the most adjusted model except for in cases where analysis of body size included adjustment for the same body size measure at birth, which rather displays
change in body size between birth and the actual age. In such case results from another analysis is reported.
§Results were also reported for outcome age 9, 11 and 12 years. We report on the 10-year-olds because the age group included the largest number of subjects. Results for the age groups differed somewhat, but confidence intervals
were very wide and were overlapping between the groups.
¶
RR for outcome at age 8 years = 3.99 (1.63–9.74).
**Results were also reported for baseline ages 2 months, 4 months and 1.5 years, which followed the pattern of a more pronounced association with higher baseline age.
††Results were also reported for baseline ages 1 and 3 years, which followed the pattern of a more pronounced association with higher baseline age. Results for weight/height ratio and ponderal index showed that children who had high
levels of these factors at 5 years had statistically higher levels at all baseline ages.
BMI, body mass index; CVD, cardiovascular disease; IOTF, International Task Force; pc, percentile; OR, odds ratio; RR, relative risk; SD, standard deviation; vs., versus; z, variable standardized into z distribution.

n subjects* (% boys†),
birth year

Study

Table 1 Continued
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Beyerlein (2010)
(47)

Bavaria, Germany.
Same cohort was
used in study by von
Kries and Toschke.
Study by Beyerlein
includes the cohort
in von Kries and
Toschke, and an
additional study
sample
9698 (sex proportion not
reported), 1992–1997

Weight gain, per kg,
between age 0 and 2
years

Weight gain >9746 g
(tertile 3) vs. ⱕ9746 g
(tertile 1–2) between age
0–2 years

Weight gain, kg, top
quartile vs. quartile 1–3
between age 0 and 1
year

6483 (sex proportion not
reported), 1992–1995

4235 (sex proportion not
reported), 1992–1995

Weight gain, kg, >pc 97
during any 4-month
period between age 0
and 1 year, or weight gain
>pc 90 between age 0
and 1 year, or weight >pc
90 at age 1 year, vs. none
of these criteria

895 (47% boys), 1963

BMI >25 kg m-2 for sex
and age on IOTF charts,
at age 5–7 years
BMI z for sex and age at
mean age 6.1 years
(range: 4.5–7.3)

4.1 (2.5–5.3)
years

Low

Low

Beta: 0.37 (0.35; 0.39)
Beta by linear regression,
adjusted for mother’s BMI,
mother’s pregnancy
smoking status, infant
feeding, parents’
education, TV watching at
school entry

Low

Medium

RR: 4.76 (3.86–5.87)

OR, (A): 1.82 (1.52–2.18)
OR, (B): 1.52 (1.09–2.11)

RR, (A): boys, 3.32, P < 0.01;
girls, 1.61, P > 0.05
RR, (B): boys, 1.68, P > 0.05;
girls, 1.75, P > 0.05

RR calculated from
contingency table

OR by logistic regression,
adjusted for birth weight

A) BMI, kg m-2, >pc 90
for sex and age, at age
5–7 years
B) BMI, kg m-2, >pc 97
for sex and age, at age
5–7 years
4–6 years

3–5 years

RR reported

(A) Weight-for-height
>20% than expected for
sex, at mean age 10.5
years (range: 9.8–11.2
years)
(B) Sum of triceps and
subscapular skin-folds,
mm, >pc 95 for sex, at
mean age 10.5 years

9.5 years
(8.8–10.2 years)

Medium

Low

High

High

Quality

T. Stocks et al.

Toschke (2004)
(46)

von Kries (2002)
(45)

The studies by Mellbin
et al. originate from the
same cohort in Uppsala,
Sweden

RR: boys, 7.40 (2.41–22.7);
girls, 1.33 (0.46–3.86)

RR: 4.05 (0.94–17.5)

OR: 6.2 (2.4–16.5)

OR, (A): 1.46 (1.27–1.67)
OR, (B): 1.59 (1.29–1.97)

Association‡

Body size and growth in 0- to 4-year-olds

Mellbin (1976)
(44)

RR calculated from
contingency table

Weight-for-height >20%
than expected for sex, at
mean age 7.2 years (SD:
3.3)

6.2 years

Weight gain, kg, >pc 97
vs. ⱕpc 97 for sex,
between age 0 and 3
months, or 1 and 4
months, or 9 and 12
months

972 (48% boys), 1963

Mellbin (1973)
(43)

RR calculated from
contingency table

Weight >20% higher than
expected for height, sex
and age, at mean age 7.8
years (range: 5.6–8.5
years)

7.3 years
(5.1–8.0 years)

Weight gain, kg, >pc 90
vs. ⱕpc 90 for sex and
age, between age 0 and
6 months

224 (54% boys), 1961

Eid (1970) (42)
Sheffield, UK

OR by logistic regression,
adjusted for sex,
gestational age, BMI at
birth, mother’s weight,
mother’s education, infant
feeding

BMI >25 kg m-2 for sex
and age on IOTF charts
at age 7 years

5 years

Weight change z > 0.67
vs. ⱕ0.67 for sex and
age, between age 0 and
2 years

206 (50% boys), birth
year not reported

Karaolis-Danckert
(2006) (41)
Germany

OR by logistic regression,
adjusted for sex,
gestational age, birth
weight, age, mother’s
BMI, parents’ occupation

(A) BMI >25 kg m-2 for
sex and age on IOTF
charts, at age 12 years
(B) BMI >30 kg m-2 for
sex and age on IOTF
charts, at age 12 years

11 years

Weight gain, per kg,
between age 0 and 1
year

5514 (48.5% boys),
1985–1990

Stettler (2002)
(21) Seychelles

Analysis

Outcome, age

Exposure, age

Time exposure
outcome

n subjects* (% boys†),
birth year

Study
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Weight change per SD z
for age or gestational
age, between age:
(1) 0 and 2 months
(2) 2 and 9 months
(3) 9 month and 1.5 years

2402 (0% boys),
1991–1992

Ong (2009)
(48)

© 2011 The Authors
obesity reviews © 2011 International Association for the Study of Obesity 12, 637–652
29 710 (sex proportion
not reported),
1959–1965

Weight change per SD z
between age:
(1) 0 and 4 months
(2) 4 months and 1 year
(3) 1 and 4 years

Beta:
(1): A, 0.99 (0.60; 1.38); B,
0.31 (0.15; 0.47); C, 0.15
(0.03; 0.27); D, 0.45 (0.06;
0.18); E, 0.03 (0.00; 0.05)
(2): A, 0.86 (0.55; 1.17); B,
0.24 (0.12; 0.36); C, 0.09
(0.02; 0.17); D, 0.48 (0.31;
0.81); E, 0.03 (0.01; 0.05)
(3): A, 1.01 (0.52; 1.50); B,
0.24 (0.06; 0.42); C, 0.05
(-0.09; 0.19); D, 0.07 (-0.42;
0.56); E, 0.00 (-0.03; 0.03)
OR, 1 + 2 (0–9 months)
F, 1.48 (1.27–1.60)
Mean (SD):
(A): [+], 0.87 (0.93); [0], 0.22
(0.87); [-], -0.29 (0.93)
(B): [+], 0.82 (1.01); [0], 0.19
(0.87); [-], -0.07 (0.86)
Mean (95% CI):
(C): [+], 3.6 (3.4–3.7); [0], 3.0
(2.9–3.1); [-], 2.6 (2.5-2.8)
(D): [+], 17.2 (16.6–17.7); [0],
15.8 (15.4–16.2); [-], 14.7
(14.2–15.2)
(E): [+], 54.6 (54.2–55.1); [0],
52.7 (52.3–53.0); [-], 51.3
(50.9–51.8)
P-value <0.0005 for all

Beta by linear regression,
or OR by logistic
regression, adjusted for
mother’s education, and
also height at 10 years for
fat mass outcomes

Comparison of body size
at 5 years in weight
change groups. ANOVA

OR by logistic regression,
adjusted for sex,
gestational age, birth
weight, race, first-born
status, mother’s BMI,
mother’s education
Correlation coefficient

Body size at age
10 years:
(A) weight, kg
(B) BMI, kg m-2
(C) fat mass index,
kg m-2
(D) fat mass, %
(E) fat mass/fat free mass
ratio
(F) BMI z >pc 85 for age

Z for sex and age, at age
5 years, of:
(A) weight
(B) BMI
Absolute level, at 5 years,
of:
(C) fat mass, kg
(D) fat mass, %
(E) waist circumference,
cm

BMI, kg m-2, >pc 95 for
sex and age, at age
7 years

BMI, kg m-2, at age
7 years

(1) 9.8 years
(2) 9.3 years
(3) 8.5 years

3 years

6.7 years

(1) 6.7 years
(2) 6 years
(3) 3 years

r, (1): 0.10, P < 0.01
r, (2): 0.06, P < 0.01
r, (3): 0.38, P < 0.01

OR: 1.38 (1.32–1.44)

OR, (1): 1.06 (1.02–1.10)
OR, (2): rapid, 2.21 (1.30–3.8);
normal, 1 (ref); slow, 0.46
(0.2–1.03)

OR by logistic regression,
adjusted for sex, birth
weight, parental obesity,
mother’s education,
mother’s pregnancy
smoking status, hours of
sleep and television
watching at 2.5 years,
diet at 3 years

BMI z > 1.64 (>pc 95) for
sex and age, at age
7 years

6 years

Association‡

Analysis

Outcome, age

Time exposure
outcome

High

High

High

High

High

Quality

Body size and growth in 0- to 4-year-olds

Hemachandra
(2007) (49)

Weight gain, per 100 g
monthly gain, between
age 0 and 4 months

11 595 (50% boys),
1959–1965

Stettler (2002)
(27)

The studies by
Stettler et al. and
Hemachandra et al.
originate from the
same cohort: the
Collaborative
Perinatal Project, USA

Weight change z for sex
and age, adjusted for
gestational age; rapid [+]
(>0.67), normal [0] (-0.67
to 0.67), slow [-]
(<-0.67), between age 0
and 2 years

705–848 (55% boys),
1991–1992

Ong (2000)
(10)

The study by Reilly
et al. and the studies
by Ong et al.
originate from the
same cohort: the
Avon longitudinal
study of parents and
children, Avon, UK

Weight change between
age 0 and 1 year:
(1) per 100 g
(2) z for sex, and age,
adjusted for gestational
age; rapid (>0.67), normal
(-0.67 to 0.67), slow
(<-0.67)

487–522 (51% boys),
1991–1992

Reilly (2005)
(11)

Exposure, age

n subjects* (% boys†),
birth year

Study
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(1) weight gain, per kg,
between age 0 and
1 year
(2) weight gain/birth
weight ratio between age
0 and 1 year
(3) height gain, per cm,
between age 0 and
1 year
Weight change per SD z
for sex and age between
age:
(1) 0 and 6 weeks
(2) 6 weeks and 1.5 years
Weight gain, per kg,
between age 0 and
1 year

90 (46% boys), birth
year not reported

1335 (49% boys), 1989

105 (57% boys),
1990–1993

Gunnarsdottir
(2003) (34)
Iceland

Kinra (2005) (35)
Plymouth, UK

Vogels (2006)
(38) Limburg, the
Netherlands

Weight change per SD z
for birth weight, between
age 0 and 9 months

Change in body size per
SD z for sex and age,
between age 0 and
1 year, for:
(1) BMI
(2) height-for-age

591 (49% boys),
including 41% of
subjects small for
gestational age,
1995–1997

216 (52% boys),
1991–1993

163, sex proportion and
birth year not reported

Blair (2007) (40)
Auckland, New
Zeeland

Gale (2007) (36)
Southampton, UK

Jones-Smith
(2007) (20)
Morelos, Mexico

Body size at mean age
12.4 years (range:
11–14):
(A) BMI, kg m-2
(B) fat mass, %
Fat mass % at mean age
7.3 years (pc 25–75:
7.2–7.3)

Fat mass index (fat mass
[kg]/height [m][4.9]) z for
sex at age 8.9 years (SD:
0.3)

BMI at mean age 5.1
years (range: 4–6) for:
A) BMI z for sex and age
B) BMI, kg m-2, ⱖpc 85
vs. <pc 85 for sex and
age

11.4 years
(10–13)

(1) 6.6 years
(2) 3.4 years

8.2 years

4.1 years (3–5)

Beta, (1A): 0.58 (0.42; 0.74)
OR, (1B): 2.23 (1.12–4.46)
OR, (2B): 1.38 (0.80–2.39)

Medium

High

Beta: boys, 0.20 (0.02; 0.38);
girls, -0.08 (-0.26; 0.09)
Beta by linear regression,
adjusted for birth weight,
age, infant feeding and
mother’s: pre-pregnant
BMI, height, pregnancy
weight gain and
pregnancy smoking status

T. Stocks et al.

Beta by linear regression,
and OR by logistic
regression, models
adjusted for sex,
gestational age, age,
socioeconomic status and
mother’s: height, BMI and
age

High
Beta, (1): weight change, Q1,
0 (ref); Q2, 1.4 (-0.6; 3.4); Q3,
4.3 (2.1; 6.6); Q4, 7.1 (3.8;
10.3), P < 0.001. Results for
height change reported as ns
Beta, (2): weight change, Q1,
0 (ref); Q2, 1.5 (-1.1; 4.1); Q3,
2.3 (-0.3; 4.9); Q4, 6.4 (3.5;
9.3), P < 0.001. Height
change, Q1, 0 (ref); Q2, 0.9
(-1.2; 2.9); Q3, 1.4 (-1.1; 3.9);
Q4, 4.7 (1.9; 7.4), P = 0.007

Medium

High

High

Quality

Beta by linear regression,
weighted for high
proportion small for
gestational age, and
adjusted for sex, mother’s
BMI, mother’s pregnancy
age, h day-1 of watching
TV, h day-1 sedentary
activity

Beta, (A): 0.92 (0.33; 1.51)
Beta, (B): 2.05 (0.42; 3.68)

Beta, (1): 0.17 (0.12; 0.22)
Beta, (2): 0.18 (0.14; 0.22)

Beta by linear regression,
adjusted for birth weight

BMI z for sex and age at
mean age 6.9 years
(range: 6.2–7.5)

(1) 6.8 years
(6.1–7.4)
(2) 5.4 years
(4.7–6.0)

Beta by linear regression,
adjusted for sex, father’s
BMI, mother’s eating
behaviour

Beta, (1): boys, 1.1 (0.5; 1.7);
girls, 0.6 (-17.8; 19.0)
Beta, (2): boys, 2.9 (0.9; 4.9);
girls, 2.0 (0.2; 3.8)
Beta, (3): boys, 0.4 (0.2; 0.6);
girls, 0.1 (0.08; 0.12)

Beta by linear regression

BMI, kg m-2, at age 6
years

5 years

Association‡

Analysis

Outcome, age

Time exposure
outcome

Body size and growth in 0- to 4-year-olds

Change/month in weight
and height, z for sex and
age, in quartiles (Q),
between age:
(1) 0 and 8.7 months (pc
25–75: 8.4–9.5)
(2) 8.7 months and 3.9
years (pc 25–75: 3.8–3.9)

Exposure, age

n subjects* (% boys†),
birth year

Study
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Beta by linear
mixed-effect model,
adjusted for age, age2,
sex, size for gestational
age, breastfeeding
duration, and in utero
exposure to diabetes

Beta: 0.33 (0.28; 0.38)

Medium

High

Body size and growth in 0- to 4-year-olds

BMI, kg m-2, at mean age
6.6 years (range: 2–11.5
years in boys, 2–11.0
years in girls)

Beta, (A): 1.07 (0.82; 1.32)
Beta, (B): 1.71 (0.91; 2.51)

5.8 years

Beta by linear regression,
adjusted for gestational
age, overweight in
mother, mother’s
pregnancy smoking
status, bottle feeding¥
time, and pair wise
interactions between:
weight change,
overweight in mother, and
mother’s pregnancy
smoking status. A was
additionally adjusted for
BMI at birth. B was
additionally adjusted for
sex, % fat mass at 3
months, firstborn status,
firstborn¥ time, season of
birth, season of birth¥
time.

Weight gain, kg year-1,
between age 0 and mean
0.8 years (range: 0.5–1
year)

1178 (53% boys),
1994–1995

Lamb (2010) (52)
Denver, USA

(A) BMI z for sex and
age, at age 6 years
(B) fat mass, %, at age 6
years

4 years

Weight change z > 0.67
vs. ⱕ0.67 for sex and
age, between age 0 and
2 years

370 (49% boys), 1990

Karaolis-Danckert
(2008) (51)
Germany

High
Beta, (1): boys, 0.52 (0.47;
0.57); girls, 0.47 (0.41; 0.52)
Beta, (2): boys, 0.30 (0.24;
0.36); girls, 0.38 (0.31; 0.45)

Beta by linear regression,
adjusted for gestational
age, baseline weight (at
start of growth
measurement), and
weight gain for both age
periods

BMI z for sex and age at
age 7 years (range:
5.5–8.5)

(1) 6.8 years
(2) 6 years

Weight change per SD z
for sex and age between
age:
(1) 0 and 3 months
(range: 2–4)
(2) 3 months and 1 year
(range: 9–15 months)

6075 (53% boys), 1997

Hui (2008) (18)
Hong Kong,
China

High

Beta:
(1) BMI, 0.13 (-0.18; 0.44);
FMI, 0.06 (-0.20; 0.32); waist,
0.27 (0.00; 0.54)
(2) BMI, 0.55 (0.02; 1.08); FMI,
0.38 (-0.07; 0.83); waist, 0.61
(0.14; 1.08)
(3) BMI, 0.48 (0.11; 0.85); FMI,
0.35 (0.04; 0.66); waist, 0.28
(-0.07; 0.63)
(4) BMI, 0.40 (0.18; 0.62); FMI,
0.29 (0.09; 0.49); waist, 0.39
(0.19; 0.59)
(5) BMI, 0.38 (0.07; 0.69); FMI,
0.37 (0.10; 0.64); waist, 0.28
(-0.01; 0.57)
(6) BMI, 0.03 (-0.30; 0.36);
FMI, 0.002 (-0.27; 0.27); waist,
-0.09 (-0.38; 0.20)

Beta by linear regression,
adjusted or sex, birth
weight, parents’ BMI,
social class, ethnicity,
puberty, physical activity

Z of BMI, fat mass index
(FMI)§, and waist
circumference, for sex
and age, at mean age
11.1 years (SD: 3.7) in
boys and 11.7 years
(SD: 3.9) in girls

Quality

(1) 11.0–11.6
years
(2) 11.1–11.7
years
(3) 10.9–11.5
years
(4) 10.9–11.5
years
(5) 10.6–11.2
years
(6) 10.1–10.7
years

Weight change per SD z
for sex, gestational age
and age, between age:
(1) 0 and 3 weeks
(2) 3 and 6 weeks
(3) 6 weeks and 3 months
(4) 0 and 3 months
(5) 3 and 6 months
(6) 6 months and 1 year
Mean ages were all within
⫾0.2 units

150–208 (45% boys),
birth year not reported

Association‡

Analysis

Outcome, age

Time exposure
outcome

Chomtho (2008)
(50) London, UK

Exposure, age

n subjects* (% boys†),
birth year

Study
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Weight gain, kg, low
(<pc 15), middle (pc 15
to 85), high (>pc 85),
between age:
(1) 0 and 6 months
(2) 6 months and 1 year

Weight change z for age;
rapid [+] >0.67, normal
[0] ⱕ0.67, between age
0 and 2 years

170 (49% boys), 1969

193 (56% boys), birth
year not reported

172 (100% boys), 1993

Shapiro (1984)
(53) Berkeley,
USA

Cameron (2003)
(22)
Soweto-Johannesburg,
South Africa

Wells (2005) (16)
Pelotas, Brazil

Comparison of body size
measures at 9 years in
weight change groups.
T-test

Comparison of body size
measures at 9 years in
quartiles (Q) of weight
change groups. ANOVA

Body size at age 9 years:
(A) weight, kg
(B) BMI, kg m-2
(C) fat mass, kg
(D) fat mass, %
(E) sum of skin-folds, mm:
triceps, biceps,
subscapular, suprailiac,
thigh, calf
(F) waist circumference,
cm

(A) BMI, kg m-2, at age
9 years
(B) fat mass/lean
mass2.7¥10 000, at age
9 years

7 years

(1) 8.5 years
(2) 8 years
(3) 5 years

Medium

Medium

T. Stocks et al.

Mean (SD):
(1A): Q1, 16.4 (2.6); Q4, 18.0
(3.4), P = 0.05
(1B): Q1, 9.3 (4.1); Q4, 9.0
(5.8), P = 0.96
(2A): Q1, 17.8 (3.3); Q4, 17.9
(3.4), P = 0.54
(2B): Q1, 9.8 (5.5); Q4, 9.0
(3.8), P = 0.53
(3A): Q1, 16.1 (2.7); Q4, 18.8
(3.9), P < 0.0001
(3B): Q1, 8.1 (3.5); Q4, 10.0
(5.6), P = 0.005

Mean (SD):
(A): [+], 32.4 (7.1); [0], 28.6
(4.4), P = 0.000
(B): [+], 17.5 (3.1); [0], 16.4
(2.5), P = 0.000
(C): [+], 9.76 (5.4); [0], 7.3
(3.3), P = 0.000
(D): [+], 28.7 (9.1); [0], 25.0
(7.9), P = 0.01
(E): [+], 65.4 (23.0); [0], 54.1
(19.1), P = 0.001
(F): [+], 59.7 (7.4); [0], 56.6
(5.3), P = 0.003

Medium
Mean (SD):
(1): Boys: low, 17.5 (4.2);
middle, 19.6 (8.4); high, 23.3
(6.7), ns. Girls: low, 20.6 (6.1);
middle, 25.3 (13.8); high, 29.7
(8.1), ns
(2): Boys: low, 16.7 (6.0);
middle, 20.0 (8.1); high, 22.7
(7.4), ns. Girls: low, 25.0
(13.7); middle, 23.9 (10.0);
high, 30.0 (16.7), ns

Comparison of skin-fold
level at 8.8 years in
groups of low, middle and
high weight gain. ANOVA

Sum of skin-folds, mm:
triceps, subscapular,
suprailiac, chest, at age
8.8 years

(1) 8.3 years
(2) 7.8 years

High

Mean (95% CI), approximated
from figure:
(1) weight, 0.30 (sign); height,
0.15 (sign); MUAC, 0.12
(sign); skin-fold, 0.08 (ns)
(2) weight, 0.40; height, 0.14;
MUAC, 0.16; skin-fold, 0.15.
All sign
(3) weight, 0.42 (sign); height,
0.05 (ns); MUAC, 0.18 (sign);
skin-fold, 0.12 (sign)
(4) weight, 0.58 (sign); height,
0.08 (ns); MUAC, 0.12 (sign);
skin-fold, 0.15 (sign)
(5) weight, 0.20 (ns); height,
0.10 (sign); MUAC, 0.15
(sign); skin-fold, 0.10 (sign)

Mean SD of kg fat mass,
z, at age 6 years, per SD
z growth during previous
age intervals. Seemingly
unrelated regression

Mean kg fat mass, z, at
age 6 years

5.5 years
5 years
4 years
3 years
2 years

(1)
(2)
(3)
(4)
(5)

Quality

Association‡

Analysis

Outcome, age

Time exposure
outcome

Body size and growth in 0- to 4-year-olds

Weight change z in
quartiles for sex and age,
between age:
(1) 0 and 6 months
(2) 6 months and 1 year
(3) 1 and 4 years

Per SD z change in
weight, height, mid-upper
arm circumference
(MUAC) and subscapular
skin-fold, between age:
(1) 0 and 6 months
(2) 6 months and 1 year
(3) 1 and 2 years
(4) 2 and 3 years
(5) 3 and 4 years

698 (sex proportion not
reported), 1994–1996

Joglekar (2007)
(19) Pune, India

Exposure, age

n subjects* (% boys†),
birth year

Study
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Correlation coefficient

Correlation coefficient

Weight z for sex and age
at age 2–6 years, closest
to the fifth birthday
BMI, kg m-2, at age 12
years

4 years (1–5
years)

(1) 11.5 years
(2) 10.5 years

Weight change z for sex,
age and birth weight,
between age 0 and 1
year
Weight change z for sex
and gestational age,
between age:
(1) 0 and 6 months
(2) 0 and 1.5 years

346 (47% boys),
1975–1977

© 2011 The Authors
obesity reviews © 2011 International Association for the Study of Obesity 12, 637–652
74 (sex proportion not
reported), all with birth
weight ⱕ1.5 kg,
1987–1988

Mai (2005) (56)
south-east
Sweden

Low

r, (1): 0.34, P < 0.01
r, (2): 0.24, P < 0.05

Body size and growth in 0- to 4-year-olds

*Number of subjects refers to the number included in the analysis reported on here.
†
Proportion boys in the analysis, or if not reported on in the study, in the full study group.
‡Confidence intervals correspond to 95% precision. Results are presented for the most adjusted model.
§
Results for trunk FMI showed similar results as for FMI.
BMI, body mass index; IOTF, International Task Force; ns, non-significant; OR, odds ratio; pc, percentile; ref, referent group; RR, relative risk; SD, standard deviation; sign, significant; vs., versus; z, variable standardized into z distribution.

Medium

r: 0.50, P < 0.001

Medium

Law (2002) (39)
Brompton, UK

Chi-squared test for D

Mean (95% CI), P-value
[+] vs. [-]
(A): boys: [+], 21.8
(20.6–23.1); [0], 19.9
(19.1–20.6); [-], 18.2
(17.1–19.4), P < 0.001. girls:
[+], 20.9 (19.9–22.0); [0], 19.1
(18.4–19.7); [-], 18.3
(17.2–19.5), P < 0.01
(B): boys: [+], 76.0
(72.7–79.2); [0], 70.6
(68.6–72.5); [-], 66.5
(63.3–69.6), P < 0.001. girls:
[+], 70.6 (68.1–73.2); [0], 67.1
(65.6–68.7); [-], 64.6
(61.9–67.3), P < 0.01
(C): boys: [+], 20.6
(17.4–23.7); [0], 15.3
(13.4–17.2); [-], 14.4
(11.3–17.5), P < 0.05. girls: [+],
24.1 (21.3–26.9); [0], 18.5
(16.8–20.3); [-], 18.1
(15.1–21.1), P < 0.05
%, P-value Chi-squared
(D): boys: [+], 28.9%; [0],
19.0%; [-], 5.0%, P < 0.05.
girls: [+], 26.2; [0], 11.6; [-],
2.8, P < 0.01

Body size at median age
12.9 years (pc 25–75:
10.4–15.2) in boys and
12.4 years (pc 25–75:
10.1–14.8) in girls:
(A) BMI, kg m-2
(B) waist circumference,
cm
(C) fat mass, %
(D) % BMI ⱖpc 90 for
sex and age

10.7 years

351 (51% boys), birth
year not reported

Hitze (2010) (55)
Kiel, Germany
Comparison of body size
at 12 years in weight
change groups, adjusted
for age, and gestational
age. ANCOVA for A–C.

Medium

Mean (SD)
(1): T1, 39.3 (20.3); T2, 35.1
(16.5); T3, 36.7 (16.3), P = 0.8
(2): T1, 33.5 (15.6); T2, 37.5
(20.0); T3, 41.8 (17.2),
P = 0.003
(3): T1, 31.7 (12.1); T2, 33.3
(14.1); T3, 44.3 (23.9),
P = 0.005

Comparison of sum of
skin-fold level at 9 years
in tertiles of weight
change groups

Sum of skin-folds, mm:
biceps, triceps,
subscapular and
suprailiac, at mean age
12.2 years (SD: 2.6)

(1) 12.0 years
(2) 11.2 years
(3) 9.2 years

Weight change z in
tertiles (T) between age:
(1) 0 and 3 months
(2) 3 months and 1 year
(3) 1 and 3 year

193 children born after
in vitro fertilization and
199 spontaneously born
children (controls).
Results are here
reported for controls.
Sex proportion not
reported. 2003–2006

Ceelen (2009)
(54) Amsterdam,
the Netherlands

Weight change z for sex
and age; rapid [+]
(>0.67), normal [0] (-0.67
to 0.67), slow [-]
(<-0.67), between age
0 and mean 2.0 years
(SD: 0.1)

Quality

Association‡

Analysis

Outcome, age

Time exposure
outcome

Exposure, age

n subjects* (% boys†),
birth year

Study
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We here first summarize results from developed countries. Results from the seven studies from developing countries are reported separately.

Body size
In 19 studies on body size from developed countries, weight
(11 studies) and BMI (8 studies) were most commonly
used as measures of body size at baseline (Table 1). Weight
was the most common measure in children younger than 2
years, whereas BMI was more commonly used in children 2
years or older. BMI was most commonly used as outcome
measure of body size (13 studies). Few studies included
other baseline measures than weight or BMI, and few
included other outcome measures than BMI. No study
presented results for various measures of baseline body size
such that their strength of associations with subsequent
body size could be compared.
Less than 2 years of age
Fifteen studies reported on body size measured before 2
years of age, mainly assessed at age 5–6 months or later. In
11 of these studies, weight was used as the body size measure
at baseline (11,26,27,29,30,34–39). Weight at the highest
end of the distribution was related to significantly higher
subsequent weight (29,37,39) and BMI (11,26,27,35) in
seven low- to high-quality studies. In four of these studies,
baseline age was 6 months or less (26,29,35,37). No significant association was observed in four studies with a small
sample size (n ⱕ 216) (30,34,36,38). In a large high-quality
study, each SD higher weight at 1.5 years of age was
related to 0.29 SD higher BMI at 7 years of age (35). Two
high-quality studies reported on odds ratios for BMI
above percentile 95 at 7 years of age (11,27). In one of these
studies, there was a modest 1.05-fold increased odds per
100-g weight at 1 year of age (27). The other study showed
threefold higher odds for weight above versus below percentile 75 at 8 months of age, which increased to 3.7-fold higher
odds for high weight at age 1.5 years (11).
Body mass index was measured at baseline in five studies
(24,25,33,37,38), and all (24,25,33,37), except one lowquality study (38), showed a significant positive association with subsequent BMI. Two studies reported on height
measured at 1 year of age, and none found a significant
association with subsequent BMI (34,38).
Two years or older
We identified seven studies of medium or low quality in
which body size at baseline had been measured as of 2 years
of age (23,24,26,31,32,37,40). Five of these studies reported
on the association between BMI measured at two ages
(23,24,31,32,37), and all showed a positive association,
although it was non-significant in one study (23). One of the
studies with significant results showed that, at 2.5 years of

age, overweight versus normal or low weight on international growth charts (12) was related to an odds ratio of 12.4
for overweight, and 25.5 for obesity, at 5 years of age (24).
Weight at 2–4 years of age was in two studies significantly positively related to weight or BMI at 5–6 years of
age (26,37).

Growth
All 25 studies from developed countries had assessed
growth as weight gain, either in absolute level or as change
in z-score (Table 2). Ong et al. defined rapid weight gain as
a change in z-score higher than 0.67, which represents the
width between two percentile bands on growth charts with
percentiles 2, 9, 25, 50, 75, 91 and 98 (10). This definition
has been used in several later studies, including five in this
review (11,22,41,51,55). In addition to weight increase,
two studies also reported on height increase (34,40).
Similar to studies that reported on body size at baseline,
studies on growth most commonly reported on BMI as
outcome measure (17 studies). Fat mass percent or index
had been measured at outcome in eight studies, and weight
in four studies. Age at which growth had been measured,
and follow-up time, differed widely between studies. The
age range was between 0–3 weeks and 1–4 years. A number
of studies reported on growth between the exact ages 0–1
years and 0–2 years, for which we present the results separately. We also summarize results for growth measured
at any period before 1 year of age, and for growth spanning
over age 2 years or later.
Any period before 1 year of age
In total 14 studies reported on weight gain at various ages up
to 1 year of age (27,35,36,40,42–44,48–50,52–54,56),
i.e. not counting studies assessing growth between the exact
time period of 0–1 year. Nine studies included infants
younger than 6 months of age. Five of these studies – four of
high quality – showed that high weight gain or change
in z-score measured between ages 0–6 weeks and 0–6
months were related to significantly higher subsequent
BMI (27,35,48,49,56), weight (48) or fat mass (48). In
three small studies (n ⱕ 224) of medium or low quality, the
association was non-significant for growth at 0–3 or 0–6
months (42,53,54). The ninth study reported on the association between weight change z-score and subsequent BMI,
fat mass index and waist circumference (50). No significant
association was found for weight change between 0 and 3
weeks of age, but growth in later age periods up to 6 months
of age was significantly positively associated with BMI,
and fat mass index or waist circumference. In high-quality
studies, the effect size for one SD change in weight z-score at
ages ranging from 0–3 weeks to 3–6 months were calculated
to 0.13–0.55 SD higher BMI at age 7–12 years (35,48,50).
One high-quality study reported odds ratios and showed
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that each 100-g weight gain between 0 and 4 months of age
was associated with 1.4-fold higher odds of having a BMI
above percentile 95 at 7 years of age (27).
Ten studies of medium or high quality that reported
on weight gain in grams or z-score change before 1 year of
age included growth after, or crossing over, 6 months
of age (36,40,43,44,48–50,52–54). Five of these studies
showed significant associations with subsequent body size
(40,48,49,52,54), three showed significant results in boys
only (36,43,44) and two studies showed no significant
association (50,53).
Birth to 1 year
Five low- to high-quality studies reported absolute weight
gain or change in z-score between 0 and 1 year of age, and all
showed a significant positive association with subsequent
BMI (11,34,38,45), or weight (39). In one study the weight
gain/birth weight ratio was a stronger predictor of subsequent BMI than was height gain (34). One high-quality
study reported on odds ratios and it showed that high weight
change (z > 0.67) between 0 and 1 year of age was compared
to normal weight change (-0.67 ⱕ z ⱕ 0.67) related to
2.2-fold higher odds of having a BMI above the 95th percentile at 7 years of age (11).
Birth to 2 years
In six low- to high-quality studies, weight gain had been
measured at age 0–2 years, and all studies showed a significant positive association with subsequent body size
(10,41,46,47,51,55). In four of these studies, rapid weight
gain was defined as a change in weight z-score higher than
0.67 (10,41,51,55). Karaolis-Danckert et al. showed that
such rapid weight gain, compared to change in weight
z-score ⱕ0.67, was related to 1.1 SD higher BMI and 1.7
units higher fat mass percentage at age 6 years (51), and it
was related to sixfold higher odds of BMI higher than
25 kg m-2 on international growth charts (12) at age 7
years (41). Two other studies showed that rapid weight
gain was related to higher levels of a wide range of body
size measures in later life: weight, BMI, fat mass (absolute
and percent), skin-folds and waist circumference (10,55).
After 2 years of age
Three studies reported on weight change z-score between
approximately 1–3 years (54) and 1–4 years of age (40,49).
These studies showed that growth was significantly
positively related to BMI (47), fat mass percent (40) or
skin-folds (54), at 7–12.2 years of age. One of the studies
included a high proportion of children born small for gestational age, and it showed that, compared to the lowest
quartile, weight change in the top quartile was related to
having six units higher fat mass percentage at 7.3 years of
age (40). In these three studies that assessed growth before
and after the second birthday, it remains unclear which
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growth period, before or after 2 years of age, had the
strongest relationship to body size at a later age.

Body size or growth in developing countries
Seven studies originated from developing countries. These
studies were published in 2002 and later, and they were
evaluated as medium- or high-quality studies. In two studies
from Chile (17) and India (19), various measures of body
size measured at 6 months of age and later were significantly
positively related to BMI at 5 years (17), and fat mass at 6
years of age (19). The Indian study also reported on growth
in weight, height, mid-upper arm circumference and subscapular skin-folds at various ages ranging from 0–6 months
to 3–4 years (19). A significant positive association with fat
mass was generally found for all baseline measures and ages,
in particular for weight. In four other studies, absolute
weight gain or z-score change (18,21,22), or change in BMI
z-score (20), in various periods between 0 and 2 years of
age, were significantly positively associated with BMI
(18,20–22) and other measures of body size (22) at 5–13
years of age. Another study, from Brazil, showed that high
change in weight z-score between 1 and 4 years of age, but
not before 1 year of age, was related to high BMI and fat
mass index at 9 years of age (16).

Discussion
The results of this review showed that large body size as of
5–6 months of age, and fast weight gain before 2 years of
age, are related to large body size at age 5–13 years. There
was consistent evidence of an association between fast
weight gain at 0–1 year and 0–2 years of age with large
subsequent body size. The association was also indicated
for growth in infants younger than 6 months of age. The
results in this review were mainly based on studies from
developed Western countries.
A weakness of this review is that included studies differed
largely in their design and methods, such as in children’s age
and follow-up time, body size measurements and statistical
analysis. Such heterogeneity between studies makes comparisons difficult, and a meta-analysis of data would include
only a minority of the studies. We tried to increase comparability between studies by reporting results separately by
age and baseline body size measure, and by exemplifying
effect size only from results derived from regression analysis.
We further increased comparability by restricting outcome
age to a maximum of 13 years. It may be argued that this
approach reduced the importance of our results because an
association with overweight at primary school age may not
persist into adulthood. However, the relationship between
obesity in infancy and childhood and obesity in adulthood
has been well documented (4–6), and therefore we limited
our inclusion criteria for increasing homogeneity between
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studies. Despite these actions to increase comparability
between studies, it should be noted that follow-up time
differed between studies, which also complicates the comparison of results. It should also be noted that, as in any
other review, there is a chance that our results were influenced by publication bias. Studies with significant results
may be overrepresented because those are more frequently
published than are non-significant results (57).
Findings in our review were based on data from 18 studies
included in previous reviews on the topic (4–6) and on 25
additional studies. Conclusions in previous reviews of
a positive association between body size and growth in
infancy and childhood and subsequent body size were supported by the large number of recent studies in this review.
In our review, we investigated the association by age at baseline in more detail than has been done previously, and we
found indications that body size and growth already before
6 months of age is related to size at primary school age.
Although these findings were fairly robust among studies of
body size and among high-quality studies of growth, further
studies are needed to specify the starting age in infancy at
which body size is linked to size in later childhood, and to
clarify if certain age ranges of growth are more strongly
related to body size several years later. It also remains to be
clarified if there is a threshold of body size and growth at
which risk of obesity increases steeply. Our and previous
reviews showed consistency in data between Western countries. We found indications that the results also confer to
developing countries, but these findings were derived from
only seven studies originating from these countries.
In a recent review by Monasta et al. on obesity risk
factors before 5 years of age, large body size or fast growth
was identified as one of five factors that in higher-quality
reviews have been related to subsequent obesity (7). The
other four risk factors were maternal smoking, no breastfeeding or early cessation of breastfeeding, short sleep
duration and television viewing. Hypothetically, modification of these risk factors could prevent early development
of obesity. Even so, evidence is sparse on the effect of
obesity prevention in the youngest children. This is shown
in another recent review by Monasta et al. who summarize
results from seven randomized controlled trials on obesity
prevention in children younger than 5 years of age (58).
In these trials of physical activity and/or healthy nutrition
or breastfeeding, little evidence was found for an effect on
obesity in the child. However, several methodological
limits of the studies were raised in the review. Taking it all
together, it is clear that large body size and fast growth in
the first few years of life are related to obesity in later life,
but it is unclear if and how they can be modified. Early
obesity development might be preventable if signs are
detected early and the right care is provided, but further
knowledge about efficient and safe actions to modify
weight and growth in the first years of life are needed.
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