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Objective: To determine whether overweight or obesity between 0 and 6 y increases the probability
of developing general/central obesity at 7 y.
Methods: Weight, height, and waist circumference were assessed between 0 and 6 y in 628 Chilean
children. Body mass index, incidence of overweight (IOW), incidence of obesity (IOB), and prevalence at birth and 0 to 6, 6 to 24, 24 to 48, and 48 to 72 mo and odds ratio (OR) and 95% conﬁdence
interval (95% CI) for developing obesity/central obesity at 84 mo were calculated by sex.
Results: IOW was highest at 6 to 24 mo (20.3% and 21.1% for girls and boys, respectively); IOB was
highest at 6 to 24 and 24 to 48 mo (11% and 10%, respectively). OR for developing obesity at 7 y was
signiﬁcant if overweight was present 24 to 48 mo in girls and 6 to 24 mo in boys OR 2.47 [95% CI,1.5–4]
and OR 2.26 [95% CI, 1.30–3.92], respectively, and much higher for children who were obese, OR 6.1
(95% CI, 3.03–12.21) for girls 6 to 24 mo and OR 6.57 (95% CI, 2.55–16.86) for boys 0 to 6 mo. IOW or
IOB was not associated with obesity at 84 mo, except for the previous period. Overweight also
increased the risk of central obesity very early on, after 6 mo in girls and after birth in boys OR 3.8 [95%
CI, 2.3–6.2] and OR 2.5 [95% CI, 2.04–3] at 6 to 24 and 0 to 6 mo, respectively, whereas obesity in all
periods was associated with a signiﬁcantly higher OR of presenting central obesity at 7 y.
Conclusion: There is tracking not only of obesity but also of overweight after birth for developing
general or central obesity at 7 y. Prevention should begin very early on.
Ó 2016 Elsevier Inc. All rights reserved.
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Introduction
Although childhood obesity has risen markedly over the last
decades in practically every country, its increase has been
signiﬁcantly greater in middle- and low-income countries,
especially in those where the epidemiologic and nutritional
transition has occurred in a short period [1]. In Chile, a middleincome country, childhood obesity has tripled over the last decades and continues to rise. Presently, 25% of 6 y old children are
obese and 30% are overweight [2], making it one of the countries
with the highest childhood obesity rates in the world [3].
Children who gain weight rapidly, independent of birth
weight, are more likely to be obese in midchildhood and later in
* Corresponding author. Tel.: þ56 229781453; fax: þ56 222214030.
E-mail address: jkain@inta.uchile.cl (J. Kain).
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0899-9007/Ó 2016 Elsevier Inc. All rights reserved.

life [4–6]. Many studies have attempted to determine critical
periods in infancy associated with obesity in midchildhood,
adolescence, and adulthood. One of the earlier reviews [4]
reported that three critical periods, namely, pregnancy, obesity
rebound, and puberty, are associated with adult obesity. Later
studies have examined the relationship between excessive
growth during speciﬁc periods with either childhood and
adolescent obesity. If excessive weight gain occurs as early as the
ﬁrst weeks of life [7] and if it occurs from birth to 4 mo [8], there
is an increased risk of later obesity. In Project Viva, an ongoing
prospective cohort study [9] of pregnant women and their children, the authors found that rapid increases in weight for length
in the ﬁrst 6 mo of life were associated with sharply increased
risk of obesity at 3 y of age. Similarly, in the Early Bird longitudinal study of British children [10], the authors observed that
overweight gained by 5 y of age was a greater risk factor than
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that gained after that age, in determining overweight or obesity
at 11 y. In contrast, a study based on Avon Longitudinal Study of
Parents and Children, a large prospective study of English children followed from birth to 15 y [11], reported that most overweight occurred between 5 and 9 y, whereas gains before 5 y
were gradual.
In 2006, we enrolled 1190 three-year-old children with no
medical condition that could hamper the study (checked from
their health records) from preschools serving low-income and
middle-low-income households into a prospective cohort study,
the Growth and Obesity Chilean Cohort Study (GOCS cohort).
Presently, the children are 11 y of age. When the children were 5 y
of age, we reported that 18.6% and 12.6% of boys and girls were
obese, and 25.8% and 25.5% were overweight, respectively [12].
Among those obese at 5 y, we observed rapid weight gain
occurring very early in life (from around 6 mo). We also found that
there was an association between body mass index (BMI) Z score
and height, especially after 3 y, and that the probability of a preschool child becoming obese was less than 10% if his/her height Z
score was below the median of the reference (Z score < 0). In
contrast, children with heights above the median (even within
normal range) had an increased risk of obesity [13]. We also found
in this cohort that, at 4 y of age, children had at least one cardiometabolic risk factor, particularly related to lipid disorders
[14], and that 44% of the children had an early adiposity rebound
(<5 y) that was associated with metabolic risk at 7 y of age [15].
The present study examined whether there are early life
periods in which having overweight or obesity increases the
odds of developing obesity in midchildhood. Therefore, we
aimed to evaluate sex-speciﬁc incidence and prevalence of
overweight and obesity for each period between birth and 6 y,
and to assess how each of these relates to obesity and central
obesity at 7 y.
Materials and methods
Study cohort and procedures
The GOCS cohort has been described in detail elsewhere [15]. Brieﬂy, 1190
children with anthropometric data from birth were enrolled at 3 y of age in 2006.
Weight and height measurements from birth until 36 mo of age were obtained
retrospectively from the child’s health record provided by the mother/guardian.
These measurements were taken at well-baby clinics by trained nurses or
nutritionists. Infant’s weight up to 24 mo was obtained using a pediatric balance
beam scale with a precision of 10 g, recumbent length was obtained with 0.1 cm
accuracy. After 24 mo, weight was measured with a balance beam scale with a
precision of 100 g and height with a stadiometer, accurate to 0.1 cm. In 2007, we
administered a questionnaire to 1020 mothers to collect data on a range of
socioeconomic, prenatal, and postnatal characteristics. Since 2007 we have been
measuring annually the children’s weight, height, and waist circumference (WC).
We measured weight to the nearest 0.1 kg, height to the nearest 0.1 cm, and WC
to the nearest 0.1 mm. We calculated BMI and deﬁned children with overweight
as those having a BMI Z score between þ1 and þ2 and obesity with a BMI Z score
>þ2, according to World Health Organization (WHO) [16,17].
We measured the weight status evolution of children using BMI rather than
weight for two reasons. First, the WHO recommends classiﬁcation of child
nutritional status by BMI Z score and, second, the correlation between weight and
BMI Z score is high at these ages [10].
The most commonly used WC cutoff to deﬁne central obesity is the 90th
percentile [18,19]; however, in our population, this cutoff resulted in a nearly
identical categorization as general obesity deﬁned by BMI Z score. Instead, we
used WC with the 75th percentile cutoff of NHANES III, which gave a lower
concordance between them.
To identify early life periods of interest, we considered age brackets often
cited in the literature as potential critical periods for later overweight [4,5,20].
These age brackets also coincide with the ages in which the children were
measured: at birth and 0 to 6, 6 to 24, 24 to 48, 48 to 72, and greater than 72 mo
(mean age, 84 mo).
The sample for this study was restricted to children with at least one
anthropometric measurement in every period studied between birth and 7 y

427

(n ¼ 628). The number of children not included was 562, mainly because during
the ﬁrst 3 y, their visits to the well-baby clinics were sporadic. As reported in the
Results section, there were no meaningful differences between characteristics of
children who were included versus those excluded. For each period, we determined the incidence and prevalence rates of overweight and obesity.
The Ethics Committee for Human Studies of the Institute of Nutrition and
Food Technology, University of Chile, approved this study. In addition, a signed
informed consent form was obtained from a parent/guardian of every child.
Statistical analyses
To assess if certain characteristics of children not included were different
from those of study participants, we compared the distribution of the following
variables in both groups of children: sex, birth weight, percentage of mothers
who were obese before pregnancy, BMI Z score, % overweight and obesity at 7 y,
mother’s schooling, and presence of fathers at home, using t tests and
chi-squared tests.
To determine incidence and prevalence during each study period, if more
than one measurement was recorded for the child during that same period, we
considered the one closer to the higher age of the study period. This was done to
avoid the possibility of considering a child as prevalent and non-prevalent during
the same period. Thus, each subject contributed only one single measurement
per period. We report the mean age and SD that children had during each period
that was calculated from the dates that single measurement was taken.
In each period we determined mean weight, height, WC, BMI Z score, and
proportion of children with WC >75th percentile by sex. In addition, we determined the incidence (new cases over total potential new cases) and prevalence
(total number of cases over total study participants) of overweight and obesity by
sex. Two outcomes of interest were deﬁned: developing general obesity at 84 mo
(1 if the child was obese at 84 mo, 0 if normal weight) and central obesity at
84 mo (1 if central obesity was present at 84 mo, 0 otherwise). We determined
the odds ratio (OR) and 95% conﬁdence interval (95% CI) for developing general
obesity and central obesity at 84 mo, according to the incidence (1 if the child was
incident in that period, 0 otherwise) and prevalence (1 if the child was prevalent,
0 otherwise) of overweight and obesity in every previous period. These analyses
were done with contingency tables (three entries): one for obesity at 84 mo
(yes/no), one for sex (female/male), and the third one for nutritional status at the
speciﬁc period (overweight, yes/no; obesity, yes/no). In the event of absence of
cases during the study period, ORs were not calculated, because they had a zero
denominator. Statistical analyses were performed with R Software.

Results
No signiﬁcant differences were observed between study
participants included in and those excluded from the analyses,
although included children had a higher BMI Z score at 7 y (1.01
and 0.92 versus 0.93 and 0.84, boys and girls, respectively) and
had a higher proportion of obese mothers before pregnancy
(8.9% versus 5.3% in boys, and 6.5% versus 6.1% in girls) (results
not shown).
Table 1 shows the anthropometric characteristics of participants in each time period from 0 to 84 mo according to sex. At
birth, girls had a higher BMI Z score than boys did, increasing
progressively until about 23 mo and remaining relatively stable
thereafter. Among boys, BMI Z score followed a similar trend, but
was higher than those of girls after 48 mo. The prevalence of
children with excess weight (BMI Z score > 1) increased with age,
reaching almost half the children at 84 mo, whereas about onethird of boys and girls had high WC (measured from 48 mo
onward) at 84 mo.
Table 2 shows the incidence and prevalence of overweight
and obesity in each time period by sex. Among girls, the incidence of overweight (IOW) was around 17% until 6 mo, reached
20% between 6 and 24 mo, and decreased thereafter to slightly
over 5% at >72 mo. Among boys, a similar pattern was observed,
though the IOW at birth was lower than that among girls (11.5%
versus 16.4%). The incidence of obesity (IOB) in girls was around
5% in all periods, except between 6 and 24 mo, when it was 11.0%.
Among boys, the IOB was highest between 24 and 48 mo (10.0%),
whereas incidence in the remaining periods was around 6%.
Obesity prevalence increased with age in both sexes, reaching
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Table 1
Anthropometric characteristics of the sample by time periods and sex (n ¼ 628)
Periods (months)
0
Girls (n ¼ 323)
Mean age (mo) (SD)
Weight (kg)
Height (cm)
BMI
WC (cm)
BMI Z
BMI Z > 1 (%)
WC > P 75 (NHANES)
Boys (n ¼ 305)
Mean age (mo) (SD)
Weight (kg)
Height (cm)
BMI
WC (cm)
BMI Z
BMI Z > 1 (%)
WC > P 75 (NHANES)

0 (0)
3.4 
49.7 
13.8 
nd
0.3 
21.7
nd
0 (0)
3.5 
50.2 
13.7 
nd
0.1 
17.4
nd

0.4
1.7
1.3
1.0

0.4
1.8
1.6
1.2

0–6

6–24

24–48

48–72

>72

5.3 (0.6)
7.27  1.1
64.2  3.5
17.6  1.7
nd
0.5  1.0
29.1
nd

23 (1.2)
12.2  1.5
84.9  4.0
17.0  1.6
nd
0.9  1.0
46.4
nd

38.1
15.4
95.8
16.8
nd
0.9
45.2
nd

(3.5)
 2.2
 4.3
 1.6

62.1 (4.1)
20.6  3.9
110.2  5.8
16.88  2.0
55.10  5.17
0.9  1.0
40.6
22.3

84 (5.2)
26.3 
122.2 
17.5 
59.84 
0.9 
46.1
34.8

5.1 (0.4)
7.6  1.3
65.0  4.3
17.9  1.8
nd
0.5  1.1
31.8
nd

23.1
12.7
85.9
17.2
nd
0.9
44.3
nd

38.9
15.7
97.1
16.7
nd
0.8
41
nd

(3.3)
 2.1
 4.5
 1.5

62.5 (4)
20.9 
1110.0 
16.9 
54.98 
1.0 
45.6
21.9

84.5 (4.8)
26.5  5.3
122.9  5.1
17.4  2.6
59.6  7.11
1.0  1.3
43.6
36.6

(1.5)
 1.6
 4.1
 1.5
 1.0

 1.0

 1.1

3.5
5.4
2.0
4.8
1.2

5.2
5.5
2.6
6.98
1.1

BMI, body mass index; nd, not determined; NHANES, National Health and Nutrition Examination Survey; WC, waist circumference.

17% among girls and 21.3% among boys at 84 mo; in contrast,
overweight prevalence was more or less stable across periods.
Table 3 shows the OR and 95% CI for developing obesity at
84 mo, according to the incidence and prevalence of overweight
or obesity in each time period, by sex. Being overweight in
infancy (0 to 6 mo among girls and 6 to 24 mo among boys)
almost doubled the risk of obesity at 84 mo OR 1.86 [95% CI, 1.09–
3.2] and OR 2.26 [95% CI, 1.30–3.92], respectively; as expected,
the probability of being obese at 7 y is even higher for children
who were obese during infancy: OR 6.6 (95% CI, 2.55–16.86) for
boys 0 to 6 mo, and OR 6.1 (95% CI, 3.03–12.21) for girls 6 to
24 mo.
Being a new case of overweight (incident) in any period was
not associated with obesity at 84 mo, except after 48 mo; however, being prevalent was positively associated after 6 mo in boys
and 24 mo in girls.

Table 4 shows the OR and 95% CI for developing central
obesity at 84 mo, according to the incidence and prevalence of
overweight or obesity in each period. Here we observe that being
overweight increases the risk of central obesity after 6 mo of life
in girls and after birth in boys OR 3.77 [95% CI, 2.3–6.18] and OR
2.5 [95% CI, 2.04–3.05], respectively. Conversely, being obese in
all periods (except at birth in boys) was associated with an
increased risk of presenting central obesity at 7 y: OR 5.6 (95% CI,
3.63–8.49) and OR 6.2 (95% CI, 4.46–8.54) for boys 0 to 6 and 6 to
24 mo, respectively, and OR 4.3 (95% CI, 3.26–5.65) and OR 18
(95% CI, 11.74–26.18) for girls 6 to 24 and 24 to 48 mo,
respectively.
IOW was not associated with central obesity in any of the
periods, except after 4 y; we were unable to estimate the effect of
the IOB, because the sample size was too small to assess this
association with adequate precision.

Discussion
Table 2
Incidence and prevalence of overweight and obesity by time periods from birth to
7 y (%)
Periods (months)
0
Girls (n ¼ 323)
Age (mo),
mean (SD)
Overweight
Incidence*
Prevalencey
Obesity
Incidence*
Prevalencey
Boys (n ¼ 305)
Age (mo),
mean (SD)
Overweight
Incidence*
Prevalencey
Obesity
Incidence*
Prevalencey

0–6

6–24

24–48

48–72

>72

0 (0) 5.3 (0.6) 23 (1.2)

38.1 (3.5) 62.1 (4.1) 84 (5.2)

16.4 18.0
16.4 23.5

20.3
33.1

14.3
34.1

6.1
28.2

5.2
29.1

11.0
13.3

5.0
11.2

5.3
12.4

5.2
17.0

5.3
5.3

5.2
5.6

0 (0) 5.1 (0.4) 23.1 (1.5) 38.9 (3.3) 62.5 (4)

84.5 (4.8)

11.5 20.9
11.5 25.3
5.9
5.9

5.9
6.6

BMI, body mass index.
* Deﬁned as 1 < BMI Z  2.
y
Deﬁned as BMI Z > 2.

21.1
32.5

9.6
24.6

10.3
27.2

4.9
22.3

7.8
11.8

10.0
16.4

8.5
18.4

5.4
21.3

Our study shows that the largest proportion of new cases of
obesity and overweight develop from birth to 2 y, especially
between 6 and 24 mo, among 7 y old low-income and middlelow-income children born with birth weight 2500 g in Chile.
We also observe that being obese at any period after birth
increases the risk of both obesity and central obesity at 7 y. More
importantly, being overweight early in life is also associated with
an increased risk of obesity and central obesity at 7 y. Overall,
these results suggest that infancy may be a critical period for
obesity and central obesity development.
There is disagreement in the literature regarding the effects of
excessive growth at early ages on later obesity. The inconsistent
ﬁndings may relate to differences in sample characteristics,
deﬁnition of time spans, and methodological techniques
employed. Baird et al. [5] reviewed 24 studies to assess the association between growth in infancy and later obesity. These
studies found that, among infants with rapid growth, the OR of
later obesity ranged from 1.17 to 5.7. However, the relationship
may vary by duration of breast-feeding and age of introduction of
complementary foods, as these factors relate to whether lean or
fat mass drives weight gain [21]. Rapid weight gain mostly
because of linear growth produces a greater increase in lean
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Table 3
Odds ratio for developing obesity at 7 y according to incidence and prevalence of overweight and obesity in different periods from birth to 7 y (months)
Periods (months)

Girls (n ¼ 323)
Age (mo) (mean)
Overweight
Incidence*
Prevalencey
Obesity
Incidence*
Prevalencey
Boys (n ¼ 305)
Age (mo) (mean)
Overweight
Incidence*
Prevalencey
Obesity
Incidence*
Prevalencey

0

0–6

6–24

24–48

48–72

OR (95% CI)

OR (95% CI)

OR (95% CI)

OR (95% CI)

OR (95% CI)

0

5.3

23

38.1

62.1

0.89 (0.48–1.67)
1.45 (0.78–2.70)

0.65 (0.35–1.20)
1.86 (1.09–3.2)

0.93 (0.51–1.70)
1.57 (0.96–2.59)

0.73 (0.36–1.47)
2.47 (1.50–4.06)

4.56 (1.00–20.70)
8.83 (5.09–15.34)

0.21 (0.06–0.70)
1.54 (0.48–4.91)

0.24 (0.07–0.79)
1.42 (0.45–4.5)

0.57 (0.25–1.32)
6.09 (3.03–12.21)

3.33 (0.86–12.92)
19.5 (8.72–43.5)

5.75 (1.21–27.4)
91.74 (32.5–263.2)

0

5.1

23.1

38.9

62.5

0.78 (0.38–1.62)
0.85 (0.36–2.06)

0.76 (0.42–1.39)
1.44 (0.80–2.62)

0.73 (0.40–1.35)
2.26 (1.30–3.92)

1.33 (0.55–3.19)
2.59 (1.45–4.63)

0.1 (0.03–0.37)
0.73 (0.20–2.59)

1.36 (0.46–3.98)
6.57 (2.55–16.86)

0.58 (0.22–1.50)
5.42 (2.62–11.21)

0.71 (0.29–1.73)
12 (6.04–23.70)

1.51 (0.61–3.74)
5.41 (3.03–9.63)
7.8 (1.70–35.71)
67.11 (28.41–158.73)

OR (95% CI), odds ratio (95% conﬁdence interval).
* Deﬁned as 1 < BMI Z  2.
y
Deﬁned as BMI Z > 2.

mass than fat mass, whereas rapid fat mass accrual during
infancy is a better predictor of childhood obesity [22].
Our study also shows that the presence of obesity at any time
during childhood is associated with higher risk of obesity at 7 y,
suggesting moderate tracking of this condition. Other studies
have also reported similar results in follow-ups from birth until
school age or adolescence. In the Norwegian Mother and Child
Cohort Study [23], in which 3771 children born between 2002
and 2004 were followed until 7 y of age, a fair to moderate
tracking of body size was observed in that period. In Japan, a
retrospective study tracking anthropometric measures of obese
5 y olds reported that these children had signiﬁcantly higher BMI
percentiles from birth compared with those of normal-weight
5 y olds [24]. In Iceland, tracking of overweight and obesity in
cohorts born in 1988 and 1994 followed through puberty found
that 51% of overweight 6 y olds were still overweight at puberty.

However, children who were overweight at 2.5 y (but not later)
did not have an increased risk of overweight at puberty [25].
This study shows a sex difference in incidence and prevalence
of overweight and obesity as well as the probability of developing general and central obesity, especially after 24 mo of age,
with boys presenting higher prevalence rates after 24 mo.
Previous analyses with children from this cohort have reported
that boys have higher obesity prevalence than girls [15,26], and
results from a cross-sectional study that included a national
sample of children of 4 to 6 y of age show exactly the same [27].
Several studies done elsewhere and also in this cohort have
found that prenatal and postnatal risk factors are associated with
obesity in early and midchildhood [26,28–31]. These include
prepregnancy weight, gestational weight gain, high birth weight,
rapid weight/height gain during infancy, birth order, and sleep
duration. Recently, a study [32] reported that at both 4 and 6 y

Table 4
Odds ratio for developing central obesity at 7 y according to incidence and prevalence of overweight and obesity in different periods from birth to 7 y (months)
Periods (months)

Girls (n ¼ 323)
Age (mo) (mean)
Overweight
Incidence*
Prevalencey
Obesity
Incidence*,z
Prevalencey
Boys (n ¼ 305)
Age (mo) (mean)
Overweight
Incidence*
Prevalencey
Obesity
Incidence*
Prevalencey

0

0–6

6–24

24–48

48–72

OR (95% CI)

OR (95% CI)

OR (95% CI)

OR (95% CI)

OR (95% CI)

0

5.3

23

38.1

62.1

0.81 (0.43–1.53)
1.62 (0.94–2.79)

0.6 (0.29–1.05)
1.3 (0.80–2.18)

1.2 (0.63–2.09)
3.77 (2.30–6.18)

0.8 (0.40–1.71)
3.8 (2.35–6.28)

2.42 (1.62–3.62)

1.7 (1.14–2.50)

4.3 (3.26–5.65)

17.5 (11.74–26.18)

125 (55.56–285.71)

0

5.1

38.9

62.5

0.94 (0.46–1.96)
1.33 (1.04–1.70)

0.7 (0.41–1.36)
2.5 (2.04–3.05)

0.6 (0.34–1.17)
2.5 (2.06–3.04)

1 (0.41–2.24)
5.3 (4.28–6.44)

2.9 (1.14–7.38)
21 (16.26–26.95)

1.05 (0.71–1.57)

5.6 (3.63–8.49)

6.2 (4.46–8.54)

8.4 (6.22–11.21)

53.2 (32.68–86.96)

23.1

10.4 (2.29–47.39)
10.8 (6.25–18.73)

BMI, body mass index; OR (95% CI), odds ratio (95% conﬁdence interval).
* Deﬁned as 1 < BMI Z  2.
y
Deﬁned as BMI Z > 2.
z
The fact that no data of incidence appears in this table (in contrast to the previous one) is due to its low occurrence (5-10%); associations at such low proportions give
very high conﬁdence intervals.
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there were positive associations between early risk factors and
degree of obesity in midchildhood. A recent article that summarized meta-analyses and systematic reviews regarding the
associations between nutrition in pregnancy, infant feeding
practices, and later obesity concluded that in developing countries rapid weight gain early in life is associated with height, BMI,
and fat-free mass, but not fat mass [31]. Although those studies
were done in developing countries, the children included were
from a lower socioeconomic condition than those considered in
the present study. Our results are similar to those found by the
same authors in developed countries, which show that rapid
weight gain during infancy is associated not only with height and
BMI, but also with fat mass.
Regarding the presence of overweight (BMI Z score >1) in the
early years, our study shows that in all periods this condition was
associated with increased risk of obesity. Similar results were
obtained from a recent longitudinal study that evaluated the
annual and cumulative IOB among 7738 U.S. children who
attended kindergarten in 1998 and were followed over 9 y. The
authors found that almost 50% of the children who became obese
during that period were overweight already in kindergarten,
implying that the increase in IOW probably occurred before 5 y of
age [33]. Conversely, the risk of central obesity emerged only
when overweight was present after infancy; this suggests that,
only at preschool or school age, moderate excess weight would
be associated with later metabolic abnormalities as was reported
a decade ago [34] with evidence that adiposity after 2 y would be
more detrimental for future metabolic risks. These results have
practical implications with respect to the clinical management of
overweight children, suggesting that more conservative
approaches could be taken before 2 y of age. For example, the
American Academy of Pediatrics [35] recommends targeting
obesity starting at birth, and also recommends that clinicians
encourage families to make positive changes in obesity risk
behaviors if the child is at increased risk of obesity, such as being
overweight with risk factors such as obese parents, or mothers
with diabetes or other chronic diseases.
Our study also suggests that all periods after birth in which
children present excess weight are relevant in terms of deﬁning
future obesity and central obesity risks. It has been proposed that
infancy and the period of adiposity rebound (preschool years)
would be particularly relevant for deﬁning future obesity risk.
However, consistent with our ﬁndings, Baird et al. [5] concluded
in their review that there was no evidence to suggest that rapid
growth during a particular interval between 0 and 2 y was more
strongly associated with subsequent obesity. A recent publication [36] conﬁrmed this ﬁnding in a sample of Australian children, concluding that there are no critical periods before 9 y, and
as stated by Gardner et al. [10], weight gained by 5 y of age is
closely associated to weight at 9 y.
The strengths of this study include that the analyses are based
on a medium-sized cohort of children with repeated measurements from birth, and sex-speciﬁc incidence and prevalence of
overweight and obesity in each period. Also, we differentiated
the probability of developing general from central obesity, which
is a better predictor of adiposity and thus metabolic syndrome.
There are, however, some limitations to be noted. WC was
assessed from 4 y onward; thus, changes in central obesity
prevalence between birth and 4 y could not be evaluated. The age
of the children within each period was not the same for all,
because of the classiﬁcation of anthropometric measurements
into periods by whichever was closest to the upper limit of the
speciﬁc period. The SD for that measurement varied by period,
from a very small one (0.4 to 0.6 mo) in the ﬁrst period to 4.8 to

5.2 mo in the last period. Although this difference can conceal
differences between subjects, the use of Z scores, which standardize by age and sex in all comparisons, allows us to assume
that error is randomly distributed within categories and therefore no systematic bias can be expected.
Conclusions
Among Chilean children from middle-low-income and lowincome households, most of the new cases of obesity/overweight are found in infants. Moreover, we found that children
who are obese in any period postnatal and those who are overweight, after birth, but particularly after infancy, have an
increased risk of being obese or centrally obese at 7 y, indicating
tracking of these conditions. We did not ﬁnd evidence that there
are critical periods in early life for developing obesity/central
obesity; however, our data did suggest that efforts should be
directed towards the prevention of excessive weight gain from
birth.
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