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ABSTRACT
Background: With the increasing focus on obesity, growth patterns
in infancy and early childhood have gained much attention. Al-
though the adiposity rebound has been in focus because of a shown
association with adult obesity, not much has been published about
the infant peak in body mass index (BMI).
Objective: This study links age and BMI at infant peak to duration
of breastfeeding and body composition at 3 y of age.
Design: Frequent weight and height measurements for 311 Danish
children in the SKOT (Complementary and Young Child Feeding –
Impact on Short and Long Term Development and Health; in Dan-
ish) cohort were used to estimate BMI growth curves for the age
span from 14 d to 19 mo by using a nonlinear mixed-effects model.
BMI growth velocity before peak and age and BMI at peak were
derived from the subject-specific models. Information about preg-
nancy and breastfeeding was assessed from background question-
naires. Assessment of body composition at age 3 y was made based
on bioelectrical impedance, weight, and height.
Results: A longer duration of exclusive breastfeeding was associ-
ated with an earlier peak in infant BMI (P = 0.0003) and a lower
prepeak velocity (P , 0.0001). BMI level at peak and prepeak
velocity was positively associated with fat and fat-free mass at
age 3 y (all P , 0.0001), whereas a later age at peak was associated
with a lower fat mass, fat mass index, and fat-free mass index at age
3 y (all P , 0.001).
Conclusions: BMI peak characteristics are strongly associated
with both duration of exclusive breastfeeding and body composi-
tion at 3 y of age. Thus, a better knowledge of characteristics and
determinants of the early BMI peak is likely to improve our un-
derstanding of early development of obesity. Am J Clin Nutr
2015;101:319–25.
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INTRODUCTION

Overweight and obesity in childhood has become an increasing
burden, especially due to later complications such as type 2
diabetes mellitus, metabolic syndrome, and cardiovascular dis-
eases. Many studies show strong associations between weight
gain during infancy and later obesity (1–4). The risk of both
childhood and adult obesity has been associated with growth
with respect to rapid infant weight gain or increase in weight-
for-age, weight-for-height, or BMI-for-age z scores (1–9), but
there has not been much agreement concerning which periods
during infancy are the most critical regarding rapid growth.
Almost all age intervals between birth and 5 y of age have been

suggested to be of the highest influence for subsequent obesity,
but most critical periods are suggested to be within the first year
of life (1, 5, 7–9). When estimating status or velocity of growth,
most of these studies use weight or BMI at study-dependent
fixed ages. This makes comparisons between studies difficult,
but above all, this approach assumes a rather homogeneous
group of children with similar development patterns. This is not
a realistic assumption when it comes to childhood BMI.

Another approach to describe childhood BMI is by modeling
individual BMI-for-age growth curves. For a typical individual,
BMI increases until around age 7 mo, when it reaches a maxi-
mum, the infant BMI peak. It then decreases, reaching a mini-
mum, the adiposity rebound, around age 6 y, before increasing
once more (10). One feature of the growth curve, the adiposity
rebound, has repeatedly been associated with later obesity (11–
13). However, not much has been published about the infant
peak in BMI.

BMI has been shown to track through life (14–17), with BMI
and BMI gain in infancy correlated to adult adiposity and fat
mass in industrialized populations (3, 8, 18). Two studies looked
at correlations between infant BMI peak and later adiposity
rebound and found no correlation between age at infant peak and
age at adiposity rebound, as well as a moderate positive corre-
lation between BMI at peak and BMI at adiposity rebound (16,
19), possibly explained by BMI tracking. One of the studies also
found a negative correlation between growth velocity before
BMI peak and velocity from BMI peak to adiposity rebound,
suggesting it might be a result of regression toward the mean
(16). However, the association between high BMI at peak and
earlier and higher BMI at rebound has been found to depend on
genetic disposition in the FTO locus, hereby identifying children
who are not subject to BMI tracking (20).
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The aim of the present study is 3-fold: 1) to fit BMI growth
curves in this Danish cohort to estimate infant BMI peak and
related growth characteristics, 2) to find predictors of the BMI
growth characteristics, and 3) to relate the BMI growth char-
acteristics to body composition at 3 y of age.

SUBJECTS AND METHODS

Study sample

Data are from a Danish observational cohort study on child-
hood nutrition and growth, the SKOT (Complementary and
Young Child Feeding – Impact on Short and Long Term De-
velopment and Health; in Danish) cohort, which has previously
been described in detail (21). In short, 330 children from the
Copenhagen area were enrolled at age 7–8 mo to be examined at
age 9, 18, and 36 mo. Exclusion criteria were children born
before 37 wk of gestation or having a disease expected to affect
either growth or food intake. Eighteen dropped out before the
first visit, and one was excluded due to late manifestation of
a severe chronic disease. Written consent was obtained from
parents or guardians. The study was approved by the Committee
on Biomedical Research Ethics of the Capital Region of Den-
mark (H-KF-2007-0003).

Measurements

Weight and length/height measurements were obtained at the 3
physical examinations at age 9 (62 wk), 18 (61 mo), and 36 mo
(63 mo), all taking place at the Department of Nutrition, Ex-
ercise and Sports, Copenhagen, Denmark. The procedure has
been described previously (22). In short, weight at 9 and 18 mo
was obtained by a digital pediatric scale to the nearest 0.001 kg.
Weight at 36 mo was obtained by a digital scale to the nearest
0.1 kg. For all weight measurements, children wore a minimum
of clothing. Recumbent length at 9 and 18 mo was obtained by
using a digital measuring board as the average of 3 measure-
ments to the nearest 0.05 cm. At 36 mo, standing height was
measured by a stationary digital height measurer as the average
of 3 measurements to the nearest 0.01 cm. As part of the free
health care system in Denmark, all infants were offered a visit to
their general practitioner at 5 wk, 5 mo, and 1 y. Also, the family
received several visits at home from a nurse monitoring growth
and well-being of the child and giving advice related to feeding
patterns. The nurse usually visited the home within the first
2 wk. Weight and height measurements taken by nurses and
general practitioners through infancy and childhood were re-
corded in a small book kept by the parents. These books were
brought to the examinations by the parents and the information
copied by the examiner. Birth weight and length were measured
at the hospital/birth clinic. Gender-specific z scores for weight-
for-age, height-for-age, weight-for-length, and BMI-for-age were
calculated by using the WHO growth standards (10) and the
WHO-Anthro software (23).

Body composition was assessed at 36 mo of age. Whole-body
resistance was measured by a single-frequency (50-kHz) tetra
polar bioelectrical impedance analysis with the child in a supine
position. For a detailed description, see Ejlerskov et al. (24).
Measurements were performed twice and the average used. A
total of 250 completed a bioelectrical impedance analysis with

success. For a subgroup of the children (n = 101), we further
succeeded in obtaining a high-quality dual-energy X-ray ab-
sorptiometry scan at the 36-mo visit. We have previously de-
veloped prediction equations for fat mass (FM)5 and fat-free
mass (FFM) with bioelectrical impedance analysis, height, and
weight as the independent variables with reference values from
the dual-energy X-ray absorptiometry scans. The prediction
equations for FFM and FM were as follows:

FFM ¼ 327:2RIþ 223:8weightþ 76:8 height
þ 417:6 sex2 2784:4 ð1Þ

FM ¼ ðweight3 0:981þ 0:374Þ3 10002 FFM ð2Þ
where FFM and FM were in grams, RI was the resistance index
[height (cm)2/resistance (U)], and weight was digital weight
computed in kilograms. Height was in centimeters, and sex was
recorded as male = 1 and female = 0.

At the 9-mo visit, parents filled out a background questionnaire
containing, among other things, information about smoking
during pregnancy, gestational weight gain, the child’s gestational
age at birth, age at introduction to different solids, and duration
of exclusive breastfeeding. Exclusive breastfeeding was defined
as receiving nothing but breast milk, water, or vitamins. Age at
introduction to solids was defined as the earliest age at which the
child received one of several different food categories.

Statistical analysis

The main analyses were performed in 3 steps: modeling
subject-specific BMI curves, estimating curve characteris-
tics, and examining associations to the different curve char-
acteristics. Steps 1 and 2 are described in more detail in the
section “Elaboration of statistical analysis” in the Supple-
mental Material.

Steps 1–2

Subject-specific BMI growth curves were fitted by using
a nonlinear mixed model named SITAR (25, 26). The population
curve was modeled by using a 4-degree polynomial, and flexi-
bility on the subject level was obtained by inclusion of 3 random
effects. Model checking was carried out by formal model di-
agnostics as well as visual inspection of the subject-specific
curves.

We considered BMI data between 14 and 578 (19 mo) d of age
to allow for a time lag before the outcome ascertainment (at 3 y)
and to avoid the period of neonatal weight loss seen in the first
2 wk of life. All subjects with at least one BMI measurement in
the studied age range were used to estimate the model (n = 311).

Estimated subject-specific BMI curves were obtained by
combining the estimated fixed effects parameters and the pre-
dicted subject-specific random effects (Empirical Best Linear
Unbiased Predictors). This resulted in a unique predicted curve
for each subject. The amount of information available per subject
was reflected in the degree of agreement between individual and
population curves. If a given subject contributed to the overall

5 Abbreviations used: FFM, fat-free mass; FFMI, fat-free mass index; FM,

fat mass; FMI, fat mass index; FMP, fat mass percentage.
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model with a single measurement only, strength was borrowed
from the other subjects, and the corresponding subject-specific
BMI curve became similar to the corresponding (sex-specific)
population curve. Multiple measurements on the same subject
implied much less agreement between the subject-specific and
population curves (less shrinkage). Because we were interested in
characteristics of the individual BMI growth curves and wanted to
prevent including too many BMI curves following the population
mean too closely, we extracted subject-specific growth curves from
the full model only for children with at least 3 observations.

Age and level at the infant BMI peak were derived from the
subject-specific BMI curves. Prepeak velocity was defined as the
average linear BMI velocity from age 14 d to BMI peak and
calculated as the difference in BMI divided by difference in time,
with all numbers taken from the estimated subject-specific
curves.

Step 3

Study sample characteristics were presented as means 6 SDs
or medians (IQRs) as appropriate. Sex differences and com-
parisons to the WHO growth standards were tested by 1- or 2-
sample t test or Wilcoxon’s rank-sum test.

Associations among sex, birth weight, birth length, gestational
age at birth (12 missing), maternal weight gain during pregnancy
(8 missing), smoking during pregnancy (yes/no) (3 missing),
duration of exclusive (3 missing) or any (11 missing) breast-
feeding, and age at introduction to solids and each of the growth
curve characteristics were assessed with multiple weighted linear
regression, with the number of BMI observations for each subject
acting as weights to put more weight on the best predicted growth
curves. Missing covariate values were imputed by using mean
imputation before analysis (27). Adequacy of the model fits was
assessed by residual and QQ plots. The association between
duration of any breastfeeding and the 3 growth characteristics
was explored in a subanalysis only including children with a BMI
peak after end of all breastfeeding (n = 138) by exchanging
duration of exclusive breastfeeding in the above models with
duration of any breastfeeding.

We considered 5 different measures of body composition:
FM; FFM; fat mass index (FMI), defined as FM/height2; fat-free
mass index (FFMI), defined as FFM/height2; and fat mass
percentage of total body weight (FMP). Associations between
BMI growth curve characteristics and body composition at
age 3 y were assessed by using weighted linear regression
with the number of BMI observations for each subject acting
as weights. All models were controlled for sex and exact age
at 3-y measurements. Adequacy of the model fits was assessed
by residual and QQ plots. Robust standard errors of regression
coefficients were used, and P values were adjusted for mul-
tiple testing across outcomes by using the method proposed
by Pipper et al. (28), which takes into account the correlation
between test statistics. In a second analysis, we also con-
trolled for duration of exclusive breastfeeding, birth weight,
and birth length.

In all models with transformed outcome variables, estimates
and confidence intervals were fitted on the transformed scale
and back-transformed to the original scale, as suggested by
Laursen et al. (29). All analyses were done by using the open-
source statistical programming environment R version 3.0.2

(30) (http://www.r-project.org) and in particular the package
multcomp (31). The overall significance level used was 0.05.

RESULTS

All 311 children had at least one observation on BMI in the
studied time interval, but the number of BMI observations for
each subject varied greatly between the children (median: 7;
interquartile range: 5–9; range: 1–17). Of the observations,
26.4% were from the SKOT study, 30.8% were from the general
practitioners, and 42.8% were from the home nurses. In addi-
tion, the distribution of measurement ages was far from uniform
over the considered age interval, with 50% of the measurements
occurring before 172 d after birth. Data are presented in more
detail in Supplemental Table 1 and Supplemental Figure 1 in
the online supplemental material.

Growth characteristics for all 311 children are presented by sex
in Table 1. Boys were longer and heavier at birth than girls.
Both sexes were at birth longer and heavier with a smaller
weight-for-length and BMI-for-age compared with the WHO
growth standards. At age 3 y, the cohort was still heavier than
the WHO growth standards but now also with a higher weight-
for-length and BMI-for-age z score. No sex differences were
found for z scores at birth or age 3 y. Girls had a higher FM and
lower FFM at age 3 y as measured in kilograms, index (FMI or
FFMI; in kg/m2), or as a percentage of total body mass.

Ten BMI growth curves showed a bad fit as judged by visual
inspection (1 due to no pattern in the data and 9 due to a very late
peak, of which 7 were after the end of the study period). These
showed no differences from the rest with respect to birth mea-
surements but had significantly higher weight-for-age, weight-
for-height, and BMI z scores. Five children had only 1 or 2
observations on BMI and were also dismissed from the data.
These 5 children did not differ from the remaining children in
any of the anthropometric variables considered. For the re-
maining 296 children (153 girls, 52%), BMI growth curve
characteristics are presented by sex at the bottom of Table 1.

Figure 1 shows population curves for boys and girls separately
and the variation in data captured by the random intercept by
means of 62 SD. Sex-specific BMI curves differed significantly
(P = 0.002). Girls had a lower BMI than boys at age 14 d (13.21
compared with 13.85) and showed a later peak in infant BMI than
did boys (8.7 and 8.2 mo) at a lower level (16.96 and 17.31), but
boys and girls did not differ significantly with respect to prepeak
velocity (0.45 kg/m2 per month) as shown in Table 1.

In multivariate models, children who were exclusively
breastfed for a longer period had a lower prepeak velocity as well
as an earlier peak (Table 2 and Figure 2A). Children with
a higher birth weight peaked earlier and at a higher BMI (Table
2 and Figure 2B). Children longer at birth had a later peak at
a lower BMI. Mother’s weight gain or smoking during preg-
nancy (7.8% smokers) did not influence the BMI growth char-
acteristics in these multivariate models. Neither did gestational
age at birth or age at introduction to solids. In a subanalysis,
duration of any breastfeeding was not associated with any of the
BMI growth characteristics.

In simple models, both BMI at peak and prepeak velocity were
significantly positively associated with FFM, FM, FFMI, FMI,
and FMP at age 3 y (Table 3). Age at peak was significantly
negatively associated with FM, FFMI, FMI, and FMP. Sex

INFANT BMI PEAK AND BODY COMPOSITION 321

D
ow

nloaded from
 https://academ

ic.oup.com
/ajcn/article-abstract/101/2/319/4494388 by guest on 20 D

ecem
ber 2018



differences were significant in all models with a higher FM,
FMI, and FMP and lower FFM and FFMI in girls than in boys.
Additional adjustment for duration of exclusive breastfeeding,

birth weight, and birth length did not alter any conclusions or
change the magnitude of estimates for BMI at peak or prepeak
velocity considerably (all P , 0.0001). The magnitudes of the
effect of age at peak were all reduced when including breast-
feeding, birth weight, and birth length in the multivariate models
but remained significant (all P , 0.04).

DISCUSSION

This study found characteristics of the infant BMI peak to be
associated with body composition at 3 y. Furthermore, sex
differences were shown in timing of the peak and in prepeak
velocity and as shown in other studies in all of the considered
indices of body composition. Finally, a longer duration of ex-
clusive breastfeeding was associated with an earlier peak in
infant BMI. Our results suggest that timing of the infant BMI
peak may play a role in the development of later childhood body
composition and thereby overweight.

BMI growth characteristics and later body composition

In line with other studies (16, 32, 33), we found that girls were
older and had lower BMI at peak. We did, however, not find girls
to have a lower prepeak velocity, as found by Johnson et al. (33)
and Wen et al. (16). This is probably explained by the fact that
girls have a lower BMI at 14 d of age. We found girls to peak at
age 8.7 mo and boys to peak at age 8.2 mo, whereas most other
studies found later peaks for both girls (9–9.6 mo of age) and
boys (8.8–9.1 mo of age) (19, 32, 33). The new Danish refer-
ences (34) found earlier peaks: girls at 8.4 mo and boys at
7.7 mo. Duration of breastfeeding is higher in Denmark than in

TABLE 1

Description of the study sample by sex1

Boys Girls

P valuen Value n Value

Birth weight, kg 149 3.630 (3.400, 3.878)2 162 3.415 (3.164, 3.709) ,0.0001

Birth length, cm 149 52 (51, 54) 162 52 (50, 53) ,0.0001

Birth weight z score 149 0.57 (0.11, 1.04)* 162 0.39 (20.15, 1.00)* 0.20

Birth length z score 149 1.12 (0.59, 2.17)* 162 1.53 (0.46, 2.07)* 0.05

Birth weight-for-length z score 149 21.05 (21.62, 20.23)* 162 20.90 (21.45, 20.44)* 0.60

Birth BMI z score 149 20.28 (20.80, 0.19)* 162 20.43 (20.85, 0.14)* 0.24

Weight-for-age z score at age 3 y 134 0.26 6 0.823,* 132 0.16 6 0.79* 0.32

Length-for-age z score at age 3 y 132 0.09 6 0.92 130 20.10 6 0.82 0.08

Weight-for-length z score at age 3 y 132 0.32 6 0.84* 130 0.29 6 0.85* 0.71

BMI-for-age z score at age 3 y 132 0.28 6 0.84* 130 0.30 6 0.88* 0.81

FFM at age 3 y, kg 110 12.60 (11.98, 13.30) 122 11.60 (11.00, 12.28) ,0.0001

FM at age 3 y, kg 110 2.19 (1.91, 2.69) 122 2.75 (2.18, 3.22) ,0.0001

FFMI at age 3 y, kg/m2 110 13.56 (13.21, 14.02) 122 12.89 (12.58, 13.30) ,0.0001

FMI at age 3 y, kg/m2 110 2.33 (2.12, 2.80) 122 2.97 (2.52, 3.60) ,0.0001

FMP at age 3 y 110 14.83 (13.24, 17.07) 122 18.64 (16.39, 21.69) ,0.0001

BMI at age 14 d, kg/m2 143 13.85 (13.38, 14.38) 153 13.21 (12.58, 13.80) ,0.0001

Age at BMI peak, mo 143 8.2 (7.9, 8.4) 153 8.7 (8.4, 9.0) ,0.0001

BMI at peak, kg/m2 143 17.31 (16.64, 17.98) 153 16.96 (16.19, 17.80) 0.02

Prepeak velocity4 143 0.44 (0.36, 0.53) 153 0.45 (0.38, 0.55) 0.26

1Z scores were calculated by using WHO standards. P values were determined by t test or Wilcoxon’s rank-sum test as

appropriate. *Significantly different from 0, P , 0.05; tested only for z score variables. FFM, fat-free mass; FFMI, fat-free

mass index; FM, fat mass; FMI, fat mass index; FMP, fat mass percentage.
2Median; IQR in parentheses (all such values, not normally distributed).
3Mean 6 SD (all such values, normally distributed).
4Presented as kg/m2 per month.

FIGURE 1 Flexibility of the model applied to the SKOT (Complemen-
tary and Young Child Feeding – Impact on Short and Long Term Develop-
ment and Health; in Danish) data. Broken lines: boys. Full lines: girls. The
thick lines indicate the population curves for girls (full line) and boys (bro-
ken line), respectively. The thin lines indicate the vertical shift in the curve
by a 62 SD value of the random effect ai compared with the population
curve for boys and girls, respectively.
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most other European countries (35). This might explain why we
find earlier peaks than most other studies. The effect of breast-
feeding might also explain the very early peak (both sexes peak
at 6–7 mo) in the WHO growth standards, in which all children
were exclusively breastfed for 4–6 mo and continued to
breastfeed to 9–12 mo (10). One study of infancy BMI peak (16)
found an earlier peak compared with findings of the present
study for both girls and boys (7.4 and 7.2 mo), but no information
on duration of breastfeeding was available.

We found girls to have more body fat (higher FM, FMI, and
FMP) and less fat-free mass (lower FFM and FFMI) than boys at
3 y, both as unadjusted differences and in multivariate models

including birth measurements and BMI peak characteristics.
These early sex differences in body composition were also found
in a review by Wells (36), who found sex differences to be more
pronounced for FFM than for FM at this age. We speculate that
differences in sex hormones, in particular testosterone, might
explain parts of the sex differences seen at this age, because
a small increase has been shown for boys from birth to around
3 mo of life (37).

Rapid growth in infancy, particularly rapid weight gain, has
been associated with later obesity defined according to BMI in
childhood as well as adulthood (3, 7, 38). We found that prepeak
BMI velocity showed a positive association with FM, FFM, FMI,
FFMI, and FMP at 3 y of age, and thereby BMI as FMI plus FFMI
equals BMI. Because we did adjust for size at birth, this cor-
responds to centile crossing as explained by Cole (39). Sovio
et al. (19) showed that BMI at peak was positively associated with
adult BMI, suggesting a long-term association established early
in life. We found this association to be present for both FFMI and
FMI already at 3 y, which can be plausibly explained by BMI
tracking (14, 15). Increasing evidence suggests systematic dif-
ferences between the effects of infant weight gain on later body
composition in industrialized and developing countries (18, 40),
and these findings may therefore be valid only in industrialized
populations.

Silverwood et al. (32) found a positive association between
BMI at peak and later childhood BMI but also found a positive
association between age at peak and later BMI in contrast to the
negative association we found. This might be explained by the
different timing of the measurements. We measured at 3 y (i.e.,
before adiposity rebound), and Silverwood et al. measured BMI
at 5–13 y (i.e., after rebound). This may indicate that age at peak
might be an indicator of tempo of growth. Because we did not
have repeated measurements of body composition, it was not
possible to establish whether age at BMI peak coincided with
the timing of the infant peak in adiposity, but we did see asso-
ciations with FM, FMI, and FMP at 3 y, suggesting an associ-
ation with peak in adiposity in infancy.

Birth weight

We found birth weight to be positively associated with an
earlier and higher BMI at peak. Others have found an association
between higher birth weight z score and higher BMI at peak (16),
but they also found a higher z score weight at birth to be asso-
ciated with a lower velocity, which we did not see.

TABLE 2

Estimated slopes for associations between predictors and BMI growth curve characteristics1

Covariate Value at peak, kg/m2 Age at peak, mo Prepeak velocity2

Sex (F) 20.09 (20.16, 20.02)* 0.44 (0.35, 0.52)*** NS

Birth weight, kg 0.29 (0.18, 0.40)*** 20.52 (20.65, 20.39)*** NS

Birth length, cm 20.04 (20.06, 20.01)* 0.05 (0.02, 0.08)** NS

Excl. BF,3 mo NS 20.05 (20.07, 20.03)*** 20.02 (20.02, 20.01)**

1n = 296. Estimated slope coefficients (95% CIs) from multiple linear regression models that included the non-

significant variables: gestational age at birth, maternal gestational weight gain, smoking during pregnancy, and age at

introduction to solids. A log transformation was applied to BMI and age at peak, and an inverse square root trans-

formation was applied to prepeak velocity before analysis. *P , 0.05, **P , 0.001, ***P , 0.0001.
2Presented as kg/m2 per month.
3Excl. BF, exclusive breastfeeding.

FIGURE 2 Examples of subject-specific BMI curves illustrating the
effect of duration of breastfeeding (A) and birth weight (B) on the BMI
growth curve characteristics. The subject-specific BMI curves were esti-
mated by using a nonlinear mixed model with subject-specific random ef-
fects. The straight lines illustrate the prepeak velocity going from BMI at age
14 d to BMI at peak. Examples of BMI growth curves associated with a short
and long duration of exclusive breastfeeding are shown in panel A. Children
being exclusively breastfed for longer have a lower prepeak velocity (lower
slope of the straight line) and an earlier peak. Examples of BMI growth
curves associated with a high and low birth weight are shown in panel B.
Children with a higher birth weight have an earlier peak at a higher BMI but
a similar prepeak velocity.
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Breastfeeding

Several meta-analyses have found a protective effect of
breastfeeding on later overweight and obesity (41–43). How-
ever, the effect seems to be modest, and some have suggested
that there is no effect (44). We found that duration of exclu-
sively breastfeeding was associated with an earlier peak in
BMI and a lower prepeak velocity. Duration of breastfeeding
has previously been shown to influence the BMI growth pat-
tern. Chivers et al. (45) showed that children breastfed for
longer than 4 mo had a later adiposity rebound at a lower level.
Gale et al. (46) found that breastfed children had a lower FFM
than did formula-fed children at age 8–9 mo and at 1 y but no
differences in FM or FMP at this age. A longer duration of
exclusive breastfeeding reduces age at peak, and formula-fed
children will therefore be at a higher level at least in a short
period after peak, which consequently, according to Gale et al.
(46), is attributable to a higher amount of FFM. Although breastfed
infants gain more FM in the first months of life, the lower
prepeak velocity found for longer duration of breastfeeding
might be explained by a lower FFM compared with formula-fed
children at age 3–4 mo. Thompson and Lampl (47) found formula-
fed girls to have higher amounts of testosterone in the first years of
life both before and after introduction to solids compared with
breastfed girls. For boys, they found no difference in testosterone
amounts before introduction to solids but a lower amount of tes-
tosterone for those receiving formula compared with those re-
ceiving breast milk after introduction to solids. We found
breastfeeding to be associated with an earlier peak, with girls
peaking later than boys, who have slightly higher amounts
of testosterone even at this young age. This might suggest that
testosterone could explain some of the effect from exclusive
breastfeeding on the BMI characteristics, which go in the same
directions as the effects seen from sex.

We have seen duration of full breastfeeding to reduce the effect
of early weight gain (0–5 mo) on FM in the same cohort (un-
published results). We did not see a reduction to the same extent
here, probably because prepeak velocity covers a larger period
going beyond the period of full breastfeeding.

Strength and limitations

A limitation of our study is that the measurements of weight
and height through infancy were taken by different observers with
varying degrees of accuracy and methods of measurements. This
is, however, also a strength because it mimics the setting of any

Danish child and provides us with a higher number of obser-
vations for each child.

In conclusion, all characteristics of the infant BMI peak are
associated with body composition at 3 y, suggesting that
characteristics and determinants of the BMI peak are of interest
in understanding early obesity. The role of age and BMI at
adiposity rebound have attracted much interest in understanding
the development of overweight and obesity. More focus on the
infant BMI peak might improve our understanding of the early
development of overweight and obesity. The only modifiable
factor we identified was duration of exclusive breastfeeding,
but other factors such as gestational weight gain or age at in-
troduction and composition of complementary feeding might
also play a role.
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