
Lower protein content in infant formula reduces BMI and obesity risk
at school age: follow-up of a randomized trial1–5

Martina Weber, Veit Grote, Ricardo Closa-Monasterolo, Joaquı́n Escribano, Jean-Paul Langhendries,
Elena Dain, Marcello Giovannini, Elvira Verduci, Dariusz Gruszfeld, Piotr Socha, and Berthold Koletzko
for The European Childhood Obesity Trial Study Group

ABSTRACT
Background: Early nutrition is recognized as a target for the effec-
tive prevention of childhood obesity. Protein intake was associated
with more rapid weight gain during infancy—a known risk factor
for later obesity.
Objective: We tested whether the reduction of protein in infant
formula reduces body mass index (BMI; in kg/m2) and the preva-
lence of obesity at 6 y of age.
Design: The Childhood Obesity Project was conducted as a Euro-
pean multicenter, double-blind, randomized clinical trial that en-
rolled healthy infants born between October 2002 and July 2004.
Formula-fed infants (n = 1090) were randomly assigned to receive
higher protein (HP)– or lower protein (LP)–content formula (within
recommended amounts) in the first year of life; breastfed infants
(n = 588) were enrolled as an observational reference group. We
measured the weight and height of 448 (41%) formula-fed children
at 6 y of age. BMI was the primary outcome.
Results: HP children had a significantly higher BMI (by 0.51; 95%
CI: 0.13, 0.90; P = 0.009) at 6 y of age. The risk of becoming obese
in the HP group was 2.43 (95% CI: 1.12, 5.27; P = 0.024) times that
in the LP group. There was a tendency for a higher weight in HP
children (0.67 kg; 95% CI: 20.04, 1.39; P = 0.064) but no differ-
ence in height between the intervention groups. Anthropometric
measurements were similar in the LP and breastfed groups.
Conclusions: Infant formula with a lower protein content reduces
BMI and obesity risk at school age. Avoidance of infant foods that
provide excessive protein intakes could contribute to a reduction in
childhood obesity. This trial was registered at clinicaltrials.gov as
NCT00338689. Am J Clin Nutr doi: 10.3945/ajcn.113.064071.

INTRODUCTION

Several metabolic and endocrine exposures during pregnancy
and early childhood have been associated with the later risk of
obesity and associated disorders (1, 2). One possible mechanism
of metabolic programming is represented by the “early protein
hypothesis” driven by the observation of moderate but consistent
protective effects of breastfeeding as compared with formula
feeding against later obesity (3–6). The lower supply of protein
from human milk (9 and 10 g/d at ages 3 and 6 mo) as compared
with formula (14 and 18 g/d, respectively) (7) might attenuate
both early weight gain and later obesity (8). One of the best
predictors of later obesity risk is weight gain during the first year
of life (9–11). The more rapid weight gain in formula-fed infants

might be mediated through an enhanced secretion of insulin and
insulin-like growth factor I (IGF-I)6. Generally, insulin and
IGF-I concentrations are greater in formula-fed than in breastfed
infants (12). Whereas protein quantity is an important factor for
the observed differences, protein quality may also be important
(13). IGF-I concentrations in early life have been linked to
concentrations in later childhood and adulthood (14). Total
protein intake in infants and young children, independent of
feeding practices, have been associated with later obesity in
several observational studies, for which exact comparison of
protein quality and quantity is difficult (15, 16). Overall, effects
of protein intake on early growth mediated through hormonal
status might have a significant effect on growth patterns
throughout childhood and on the later risk of obesity and asso-
ciated disorders.
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The European Childhood Obesity Project is a multicenter,
randomized trial funded by the European Commission, to examine
the effect of protein intake in formula-fed infants during the first
year of life on growth and later obesity risk.We have already shown
that infants fed a formula containing higher protein (HP) gained
more weight during the first year of life and were heavier at 2 y of
age than were infants fed a lower-protein (LP) formula (17). Here
we report on the follow-up of the cohort to 6 y of age.

SUBJECTS AND METHODS

Study design

Details of the design and results of the primary study of the first
2 y of life were reported previously (17). Briefly, a double-blind
randomized intervention trial was performed with 2 sets of
formulas that differed in protein content. Breastfed infants were
followed as a reference group (18). Infants were enrolled and
randomly assigned during the first 8 wk of life in 5 countries
(Belgium, Germany, Italy, Poland, and Spain). The follow-up
study reported here spans from 2.5 y of age until 6 y of age and
was completed in August of 2010.

Subjects

Apparently healthy term infants who were appropriate for
gestational age from uncomplicated singleton pregnancies were
eligible for enrollment between the 1 October 2002 and 31 July
2004. Subjects with pregnancies involving gestational diabetes,
a known familial history of metabolic or hormonal diseases, or
any disease interfering with metabolism or growth of the child
were excluded. After parents decided to formula-feed, infants
were randomly assigned to receive formula with an HP or LP
content. Block randomization was performed with a block size of
8, stratified by sex and study center. Formula groups were coded
by 4 colors—2 colors per intervention group. Color codes were
kept by the manufacturer to ensure double-blinding. Blinding of
study personnel with direct child contact continues to be
maintained. The pseudonymized database was unblinded only
for data analysts after plausibility checks for the primary end-
point of the 2-y follow-up.

Breastfed infants were included if parents expressed the in-
tention to exclusively breastfeed for $3 mo. Breastfeeding was
encouraged in all study centers following a standard protocol for
recruitment. All families attending the 2-y visit and all families,
which did not withdraw their consents, were asked to continue to
participate in the follow-up study until 6 y of age.

The study was conducted according to the principles
expressed in the Declaration of Helsinki. The local ethics
committees of each study center approved all study procedures:
Belgium (Comitè d’Ethique de L’Hopital Universitaire des
Enfants Reine Fabiola; no. CEH 14/02), Germany (Bayerische
Landesärztekammer Ethik-Kommission; no. 02070), Italy (Azienda
Ospedaliera San Paolo Comitato Etico; no. 14/2002), Poland
(Instytut Pomnik–Centrum Zdrowia Dziecka Komitet Etyczny;
no 243/KE/2001), and Spain (Comité ético de investigación
clı́nica del Hospital Universitario de Tarragona Joan XXIII).
Written informed consent was obtained from all parents before
enrollment.

Intervention

The study formula (manufactured by Bledina) was distributed
free of charge to infants from the baseline visit until 12 mo of age.
Infant formulas were replaced by follow-up formulas with the in-
troduction of complementary feeding from about the fifth month of
life onward. The formulas differed in the content of cowmilk protein
(2.05 compared with 1.25 g/dL in infant formula and 3.2 compared
with 1.6 g/dL in the follow-up formula, respectively) but had
identical energy contents achieved by adjustment of total fat content
(Table 1 in reference 17; also see Supplemental Table 1 under
“Supplemental data” in the online issue for more details). All other
compositional aspects of the 2 types of formula were similar. The
composition followed European legislation at the time (19).

Total energy and nutrient intakes were assessed by weighed
3-d food protocols. Energy intake did not differ between in-
tervention groups at 3, 12, and 24mo of age, whereas the HP group
showed a slightly lower energy intake than did the LP group at
6 mo (17). Protein intake was w1 g/kg body weight higher in the
HP group at 3 and 6 mo of age andw0.5 g/kg body weight higher
at 12 mo of age (all P , 0.001). At 18 and 24 mo, dietary energy
and protein intakes and the amount of formula consumed were not
significantly different between groups (17). These findings were
unchanged when only the subsample of children who could be
followed to 6 y of age was considered (see Supplemental Table 2
under “Supplemental data” in the online issue).

Methods

Anthropometric measurements were performed at study centers
at the baseline visit; at 3, 6, 12, and 24 mo of age; and thereafter
every 6 mo until 6 y of age. The time of the visits was planned to be
within 14 d of the targeted age until the 2-y visit and within 3 mo for
all later time points. Standard operating procedures (see Supple-
mental Method 1 under “Supplemental data” in the online issue)
based on the WHO Multicentre Growth Reference Study (20) were
established, and study personnel were trained repeatedly during the
study. The same equipment was used in all centers. All measure-
ments were taken twice, and their means were taken for analysis.

Data regarding the course of pregnancy, maternal prepregnancy
weight, the child’s medical history, and the family’s socioeco-
nomic status were collected by questionnaire, and the paternal
weight and height of parents were measured by study personnel at
the baseline visit.

In the intervention groups, intake of nonstudy formula or
breastfeeding during the first 9 mo exceeding 10% of feedings (3
bottles/wk) was considered to be noncompliance (as assessed by
questionnaire and monthly weighed 3-d food protocols). Breastfed
infants had to be exclusively breastfed for $3 mo. Noncompliant
infants in the intervention and breastfed groups were excluded
from further study participation per protocol from the moment
children violated the compliance criteria. Children were consid-
ered lost to follow-up if parents could no longer be contacted,
could not be traced, or refused further participation.

We tried to contact all originally enrolled children who did not
visit the study centers at 6 y of age, including those excluded for
noncompliance or lost to follow-up, by telephone to either
reactivate their participation or at least collect current height and
weight as reported by the parents. All data were introduced in
a common, Web-based, remote data entry tool with embedded
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plausibility checks. Our study followed the guidelines published
in the Consolidated Standards of Reporting Trials statement (21).

Statistical analysis

The focus of statistical analyses was the comparison of the 2
randomized groups. The breastfed group was included as an
observational, comparison group only. The main outcome
measure was BMI (in kg/m2) at 6 y of age; secondary outcomes
were weight, height, and obesity. Obesity was defined by using
the International Obesity Task Force criteria (22, 23): girls and
boys were classified as obese at 6 y of age if they had a BMI
.19.7 or .19.8, respectively. Weight (kg), height (cm), and
BMI (kg/m2) were transformed to age- (in d) and sex-specific
z scores according to the WHO growth standards (20, 24) (http://
www.who.int/childgrowth/software/en/, http://www.who.int/
growthref/tools/en/).

Continuous data are presented as means 6 SDs or medians
and IQRs. Primarily, linear regression was applied to estimate
the effect of formula type on the anthropometric outcome (eg,
BMI) at the age of 6 y, including the respective z score at
baseline in the model (eg, BMI z score). Obesity, as a binary
outcome, was compared by using logistic regression. Analyses
were at first performed without any further adjustment, as gen-
erally recommended for randomized trials. Potential confounders,
including sex, exact age at measurement, country, highest edu-
cational level of mother and father, smoking during pregnancy,
and mother’s and father’s BMI were included for adjustment.
Crude and adjusted ORs for the risk of obesity between feeding
groups are reported.

We also depicted the 50th, 85th, 90th, and 95th percentiles of
BMI over the duration of the study to see the development of the
upper tails of the BMI distribution. Quantile regression was
applied to quantify the effects of formula feeding on different
quantiles at 6 y of age and to look for any increased effects toward
upper tails. Furthermore, to check for the effect of missing data,
analyses at 6 y of age were also performed on a data set including
weight and height (and calculated BMI) as reported by parents in
telephone interviews. Finally, we performed a further sensitivity
analysis on data that were imputed by chained equations (see
Supplemental Method 2 and Supplemental Table 3 under “Sup-
plemental data” in the online issue).

Statistical significance was assumed at a maximum error
probability of 0.05. Data management was carried out with SAS 9.3
(SAS Institute Inc) and statistical analyses with R 2.15.3 (The R
Foundation for Statistical Computing) and Stata 12.1 (StataCorp).

RESULTS

Study population

Of the randomized 1090 formula-fed children, 518 (48%) were
followed until 6 y of age. Dropout numbers and the reasons were
not significantly different between the randomized groups
(Figure 1). About 16% (n = 169) of all randomized, formula-fed
children were excluded for noncompliance during the first 9 mo
of life. Loss to follow-up was higher in the observational
breastfed group, especially during the first 2 y of life. Of the 588
breastfed children allocated, 237 (40%) were followed up to 6 y
of age; 14% (n = 81) were excluded for noncompliance.

The attendance rate at the biannual study visits from 2 to 6 y of
age ranged from 82% to 88% among those still participating in
the study. Data on BMI at 6 y of age were available for 448 (n =
221 HP and 227 LP) of 518 formula-fed and 209 of 237
breastfed children. The overall median age at the 6-y visit was
6.02 (IQR: 6.00, 6.05) y; only 11 (n = 6 LP, 2 HP, and 3
breastfed) of 657 children came .3 mo after their sixth birthday
(maximum: 6.55 y).

For 362 additional children (n = 112 HP, 98 LP, and 152
breastfed), height and weight at 6 y of age was obtained by
telephone interviews. One hundred two of 250 (41%) formula-
fed and breastfed children who were excluded from further study
participation because of noncompliance were able to be re-
contacted, and weight and height measurements at 6 y of age
were reported by parents. Thus, 60% (658/1090) of the ran-
domized children in the intervention and 61% (361/588) in the
breastfed group provided BMI data at 6 y of age.

Baseline characteristics of all study participants at study entry
were published previously (17); characteristics of the population
that was followed until 6 y of age are presented elsewhere (see
Supplemental Table 2 under “Supplemental data” in the online
issue). There were slight differences from the original pop-
ulation. Children with a higher parental education or nonforeign
parents were more likely to stay enrolled in the study. Differ-
ences between formula-fed and breastfed infants, such as so-
cioeconomic status, smoking behavior, and parental BMI and
obesity, persisted. However, no differences were observed be-
tween the randomized groups.

Anthropometric measurements at 6 y of age

Anthropometric outcomes at baseline and at 6 y of age by
study group are shown in Table 1. BMI at 6 y of age was sig-
nificantly higher in the HP than in the LP group, assessed by
linear regression adjusted for baseline BMI z score; the esti-
mated difference in BMI of 0.51 (95% CI: 0.13, 0.90; P =
0.009), was reduced to 0.40 (95% CI: 0.03, 0.77; P = 0.034)
after adjustment for sex, exact age at measurement, country,
highest educational level of mother and father, smoking during
pregnancy, and mother’s and father’s BMI. There was a ten-
dency for higher weight in the HP group, whereas height re-
mained unaffected by the intervention (Table 1). The estimated
difference in BMI between the HP and LP groups was not sig-
nificantly different between countries (data not shown).

The difference between the 2 intervention groups was esti-
mated to be slightly lower in the data set including BMI obtained
from telephone interviews (Table 1); adjustment did not change
the effect size (0.45; 95% CI: 0.11, 0.79; P = 0.010). Including
imputed data, the estimated difference in BMI between the HP
and LP groups was lower and no longer significant (0.30; 95%
CI: 20.01, 0.61; P = 0.058) (Table 1).

The median and 90th and 95th percentiles of the BMI dis-
tribution from 3 mo to 6 y of age are shown in Figure 2. BMI is
clearly higher in the HP group from 3 to 12 mo of age. The
difference between the HP and LP groups’ tracks attenuated
from 12 to 24 mo of age but then remained stable from 24 to 36
mo of age. Fromw42 mo of age onward, the HP group deviated
to higher BMI values, particularly in the upper tails of the BMI
distribution. Thus, the estimated difference in BMI between the
HP and LP groups increased significantly from 0.29 (95% CI:
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20.00, 0.59) at the median to 2.50 (95% CI: 0.50, 4.50) at the 95th
percentile [Table 2; estimated difference of intervention effect for
the median compared with the 95th percentile: 2.21 (95% CI: 0.26,
4.16); P = 0.027], although significant effects for HP compared
with the LP groups were observed only at the 95th percentile.
When the data reported by parents were included, all upper
quantiles (85th, 90th, and 95th) were significantly affected by the
intervention (Table 2). Adjustment for confounders, as used in the
linear regression model, resulted in somewhat smaller effect esti-
mates. The tendency for increased differences in the upper tails was
still observed, but the model estimation results were unstable at the
tails because of the small number of children (Table 2): only 6
children (2.6%) in the LP group compared with 17 children (7.7%)
in the HP group had BMI values above the 95th percentile of this
cohort-specific BMI distribution.

Regarding weight, the baseline-adjusted difference between
the HP and LP groups at the median, the 90th percentile, and the
95th percentile were 0.46 (95% CI:20.15, 1.08; P = 0.141), 2.38

(95% CI: 0.06, 4.69; P = 0.044), and 3.32 (95% CI:20.63, 7.26;
P = 0.100) kg, respectively. No effect of the intervention on
distribution quantiles of height was observed.

Obesity at 6 y of age

The overall prevalence of obesity in formula-fed children was
7.1% (32 children) (Table 3). The prevalence of obesity was 5.6
percentage points (95% CI: 0.9, 10.4) higher in the HP than in
the LP group, which resulted in an estimated increase in risk of
obesity at 6 y of age by HP intake in infancy of 2.43 (95% CI:
1.12, 5.27; P = 0.024); adjustment for confounders resulted in
a somewhat higher OR of 2.87 (95% CI: 1.22, 6.75; P = 0.016;
model summary in Supplemental Table 4 under “Supplemental
data” in the online issue).

Obesity prevalence in the imputed data set was lower in the HP
group and slightly higher in the LP and breastfed group (HP: 8.0%
compared with 10.0%; LP: 4.6% compared with 4.4%; breastfed:

FIGURE 1. Flowchart of children from study entry to 6 y of age by study group. Telephone interviews were done on all originally included study children
who did not attend the 6-y visit, unless the parents refused further study participation.
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3.4% compared with 2.9% for the data set including only data from
the study visit compared with the data set with multiple imputations,
respectively). Therefore, the estimated risk ratio for HP compared
with LP was lower (OR: 1.85; 95% CI: 1.05, 3.25; P = 0.034) but
remained significant; adjustment resulted in a slightly higher OR of
1.92 (95% CI: 1.06, 3.48; P = 0.032) for imputation analyses.

Formula-fed and breastfed children

No significant difference was found between the LP and
breastfed children in mean BMI or obesity risk. Compared with
breastfed children, weight and BMI were significantly higher
in the HP group in unadjusted comparisons. Adjustment for

confounders such as socioeconomic status, smoking in preg-
nancy, country, and parental BMI considerably attenuated these
effects, which were no longer significantly different; the esti-
mated difference (HP compared with breastfed) in BMI was
0.60 (95% CI: 0.22, 0.98; P = 0.002) in the unadjusted analysis
and 0.24 (95% CI: 20.14, 0.63; P = 0.218) in the adjusted
analysis. The BMI distribution in breastfed children was more
similar to the LP than to the HP group (Table 2, Figure 2); the
prevalence of obesity at 6 y of age was considerably lower in
breastfed children (2.9%) than in formula-fed children (Table
3). The adjusted odds of being obese at 6 y of age tended to be
2.84 (95% CI: 0.94, 8.70; P = 0.063) times that in the HP than
in the breastfed group.

FIGURE 2. Median and 90th and 95th percentiles of BMI by study group from 3 mo to 6 y of age and the number of children.
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DISCUSSION

Main findings

Optimal infant nutrition is of major importance because it lays
the foundation for future health. Our results show that protein
intake through infant formula affects BMI and obesity risk at
school age. The intervention led to an increased protein intake of
w6 to 8 g/d in the HP formula group during the first year of life.
BMI in the HP group was 0.51 kg/cm2 higher at 6 y of age, and
the risk of obesity was 2.43 times higher. Reducing the protein
content of infant formula to a level similar to that found in
human milk leads to early weight gain and BMI at 6 y of age
that resembles that of breastfed children.

Comparison with other studies and implications

The early protein hypothesis postulated that differences in
protein supply between human milk and infant formula play an
important role in early programming and are causative for a more
rapid weight gain in the first 2 y of life and for the increase in
obesity risk observed in formula-fed than in breastfed children
(8). The difference in protein intake provided by our intervention
equated to one found in an observational study between formula-
fed and breastfed children in Germany (7). We showed the re-
lation between protein intake and more rapid weight gain until 2 y
of age in a previous publication of the Childhood Obesity Project
study (17). The weight z score at 1 y of life was 0.25 SD higher
in the HP than in the LP group. In line with this, Axelsson et al
(25) showed in a small intervention study that an HP formula
given between the ages of 4 and 6 mo led to an excessive weight
gain in the same age period. Besides this intervention study,
several observational studies have shown associations of protein
supply assessed in the first 2 y with more rapid growth in in-
fancy. Several studies have reported long-term effects of early
protein intake on anthropometric markers in early school age
(26–30). The studies vary in method, time point, and frequency
of dietary assessment. Protein intake during the period of
complementary feeding (6–18 mo of age) was positively asso-
ciated with BMI at 4 and 7 y by Öhlund et al (29) and Günther
et al (28), respectively. Protein intake at 1 y of age was shown to
increase weight at 4 y (29), overweight at 5 y, and BMI at 6 y of
age in boys (30). Dietary data in the first year of life is rare in
observational studies. Therefore, direct comparisons with our
results are not possible. Most of the cited studies were un-
derpowered and did not see consistent effects in both sexes or on
all anthropometric markers: the number of children studied was
w200. Furthermore, dietary data from observational studies
might not be directly comparable with our intervention during
the first year of life. Nevertheless, most observational studies
report positive associations of protein intake in the first 2 y of
life with both more rapid weight gain in infancy and later weight
or BMI (27, 29–31).

Rapid, early weight gain has been consistently shown to be
a risk factor for later obesity (10, 11, 32, 33). On the basis of an
individual meta-analysis of data for 47,661 study participants,
Druet et al (11) reported that an increase of 1 SD in weight z score
in the first year of life is associated with a 2-fold risk of
childhood obesity and a 23% higher risk of obesity in adulthood.
Transferring this information to our finding of a 0.25-SD higher
weight gain during the first year in the HP than in the LP groupT
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(2) resulted in an extrapolated 1.18 increased risk of obesity at
school age. The risk ratio of 2.43 that we observed was mark-
edly higher. This might suggest that early weight gain is not the
only mechanism behind the early protein hypothesis, but that
there are other metabolic programming factors associated with
protein intake, eg, the increase in IGF-I concentrations observed
in the HP group of our study population (13).

Some discrepancies existed between the modest effect of
protein intake observed on mean BMI and the strong effects on
obesity risk. The intervention had a more pronounced effect on
the upper tails of the BMI distribution. Stronger effects of, for
instance, breastfeeding, on distribution tails of BMI were also
reported by other investigators (34). Some interaction with
epigenetic or genetic predisposition or other environmental and
lifestyle factors might lead to an increased sensitivity to protein
intake in certain subgroups only. Thus, the results of a study can
differ considerably depending on the choice of outcome, mean
BMI or obesity, based on BMI cutoff values, which should, in
general, both be reported.

Earlier adiposity rebound is associated with an increased risk
of later obesity (35). Rolland-Cachera et al (36) reported sig-
nificant associations of protein intake at 2 y of age with time of
adiposity rebound and with BMI at 8 y. However, others did not
reproduce these effects (28, 37). In our cohort, we saw a trend
toward an earlier adiposity rebound in the HP group; the upper
tails of the BMI distribution departed to higher BMI values as
early as 4 y of age—a trend that was not seen in the LP or
breastfed group (Figure 2). However, adiposity rebound has not
yet occurred at 6 y in more than half of our children.

Our results may offer new opportunities for public health
promotion concerning early nutrition with long-term conse-
quences. Adapting the protein intake during the first year of life to
recommended intakes (38) has the potential to markedly reduce
later obesity risk. Formula feeding and complementary feeding
have led and currently lead to protein intakes that are w1.5–2.5
times higher than recommendations (7, 39–41). Our data support
the conclusion that breastfeeding, which naturally provides pro-
tein intakes lower than in current formula feedings and feeding
formulas with LP contents, has a protective effect on later obesity
risk. Compositional factors of formula, such as extensive protein
hydrolyzation (42, 43) or the source of protein (15), were shown
to affect anthropometrical measurements.

Study strengths and limitations

The major strengths of this trial were its randomization, large
sample size, multinational design, and long follow-up period.
Anthropometric measurements were well standardized, and
major potential confounding factors were taken into consider-
ation. Although we have shown that early protein intake affected
early weight gain and later BMI in our randomized trial cohort,
the generalizability of our study was limited and extrapolation of
the presented effect sizes was not straightforward. The current US
regulation limits the protein content of formulas to be between
1.8 and 4.5 g protein/100 kcal (44), whereas follow-up formulas
do not exist. Since the study start in 2002, the European regu-
lations on protein contents in infant and follow-up formulas
changed in 2006: the lower limit was reduced from 2.25 to
1.8 g/100 kcal for both infant and follow-up formulas; the upper
limit for follow-up formulas was lowered to 3.5 g/100 kcal compared

with 4.5 g/100 kcal beforehand. Therefore, the differences in
protein supply caused by our intervention were probably higher
than the differences found nowadays. Nevertheless, even with
current formulas containing LP, formula-fed children will have
a clearly higher total protein intake than will exclusively
breastfed children.

Attrition was of concern. Nonetheless, we were still able to
obtain anthropometric data through measurements by study
personnel 6 y after the trial was initiated in w48% of children,
and data are available for 60% of children if we also include
reported data. Attrition was highest during the first 2 y of life.
Within the formula-fed groups, many infants were excluded for
switching to nonstudy formula [118 children (70%) of all non-
compliant children were excluded within the first 3 mo]. Be-
cause compliance was not thought to be related to the type of
study formula or associated with growth, those children were
excluded. Study formulas complied with European regulatory
standards (19) in all aspects, including protein content, and
could have been marketed as normal infant and follow-up
formulas.

Furthermore, although high follow-up rates are desirable, they
are more difficult to achieve in long-term follow-up studies of
healthy infants (45). The participants in our study had no per-
ceived benefit from study participation except for the distribution
of formula, which was free-of-charge during the first year of
study. Parental expectations of infant feeding differ from real life.
Exclusive feeding of human milk or study formula may be an-
ticipated at baseline but is not feasible for a variety of reasons
later on.

We found no indication of bias: dropout rates and reasons for
dropout were similar in the 2 randomized groups and were not
associated with anthropometric measurements (see Supplemental
Tables 3 and 5 under “Supplemental data” in the online issue).
On the basis of all measured BMI values from baseline until
dropout, the mean BMI trajectory of dropouts and children
followed until 6 y of age were similar (see Supplemental Figure
1 under “Supplemental data” in the online issue).

Furthermore, when we replaced missing values by data from
telephone interviews and multiple imputations, the estimated
effects decreased (Tables 1 and 3). However, the inclusion of BMI
from telephone interviews also included measurement error and
reporting bias. The latter was especially problematic for obese
persons (46, 47), who are generally more likely to underreport
weight. Overall, additional analyses of BMI indicate that the
estimated effects of protein intake on mean BMI might be lower
than those deduced from the main analysis. Besides the fact that
median, 85th and 90th quantiles were shifted upward in the HP
group, only the 95th percentile showed significant results. The
prevalence of obesity in the whole cohort was low, at 5.8%, and
the reported risk difference between the HP and LP groups (5.6%)
might be viewed as small. However, the number of obese children
in our cohort was similar to the current number of obese children
in the respective European countries (http://www.iaso.org/iotf/
obesity/?map=children).

In addition to crude estimates, we reported adjusted estimates
for our main findings. Especially in the logistic regression model
for obesity, the increased adjusted OR of 2.87, as compared with
2.43 in the unadjusted analysis, raised some concern of over-
adjustment. Nevertheless, common confounders such as smoking
in pregnancy (OR: 2.38) and higher compared with lower parental
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educational level (OR: 0.66) were in linewith those of other studies
(see Supplemental Table 4 under “Supplemental data” in the
online issue) (48). Moreover, the results of adjusted linear re-
gression analysis on BMI for HP compared with LP groups were
not substantially different from the unadjusted estimates. How-
ever, as expected, our observational breastfed group was different
from formula-fed children with regard to several confounders (see
Supplemental Table 2 under “Supplemental data” in the online
issue). Adjustment for these factors completely attenuated the
observed differences between breastfed and formula-fed children
in weight and BMI at 6 y of age.

To increase the protein content in the infant and follow-up
formulas without affecting the total energy content, the fat
content had to be changed. However, the fat composition was the
same in both formula groups. Because there is no biological
model that demonstrates that lower fat intakes during infancy
increase weight gain and later obesity risk, we assumed that the
observed effect was not attributable to the difference in fat
content (7, 31, 36, 37).

Conclusion

This randomized intervention trial with long-term follow-up
provides strong evidence that infant feeding choices affect BMI
and obesity risk at school age. Targeting dietary protein intake
during infancy should be considered a valuable approach to
reducing excessive early weight gain. Reducing infant protein
intakes by promoting breastfeeding and by reducing the protein
content of infant formulas may effectively contribute to the
prevention of childhood obesity.
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part of Danone Baby Nutrition), who operated as a partner of this EU project

and received a grant from the EU Commission for this task. No funding

bodies had any role in the study design, data collection and analysis, decision

to publish, or preparation of the manuscript.

REFERENCES
1. Monasta L, Batty GD, Cattaneo A, Lutje V, Ronfani L, Van Lenthe FJ,

Brug J. Early-life determinants of overweight and obesity: a review of
systematic reviews. Obes Rev 2010;11:695–708. (Published erratum
appears in Am J Clin Nutr 2009;90:248.)

2. Koletzko B, von Kries R, Monasterolo RC, Subias JE, Scaglioni S,
Giovannini M, Beyer J, Demmelmair H, Anton B, Gruszfeld D, et al.
Can infant feeding choices modulate later obesity risk? Am J Clin Nutr
2009;89:1502S–8S.

3. Arenz S, Ruckerl R, Koletzko B, von Kries R. Breast-feeding and
childhood obesity—a systematic review. Int J Obes Relat Metab Disord
2004;28:1247–56.

4. Harder T, Bergmann R, Kallischnigg G, Plagemann A. Duration of
breastfeeding and risk of overweight: a meta-analysis. Am J Epidemiol
2005;162:397–403.

5. Owen CG, Martin RM, Whincup PH, Smith GD, Cook DG. Effect of
infant feeding on the risk of obesity across the life course: a quantita-
tive review of published evidence. Pediatrics 2005;115:1367–77.

6. Weng SF, Redsell SA, Swift JA, Yang M, Glazebrook CP. Systematic
review and meta-analyses of risk factors for childhood overweight
identifiable during infancy. Arch Dis Child 2012;97:1019–26.

7. Alexy U, Kersting M, Sichert-Hellert W, Manz F, Schoch G. Macronu-
trient intake of 3- to 36-month-old German infants and children: results
of the DONALD Study. Dortmund Nutritional and Anthropometric
Longitudinally Designed Study. Ann Nutr Metab 1999;43:14–22.

8. Koletzko B, Akerblom H, Dodds P, Ashwell M. Early nutrition and its
later consequences: new opportunities. Adv Exp Med Biol 2005;569:1–12.

9. Monteiro PO, Victora CG. Rapid growth in infancy and childhood and
obesity in later life—a systematic review. Obes Rev 2005;6:143–54.

10. Ong KK, Loos RJ. Rapid infancy weight gain and subsequent obesity:
systematic reviews and hopeful suggestions. Acta Paediatr 2006;95:
904–8.

11. Druet C, Stettler N, Sharp S, Simmons RK, Cooper C, Davey Smith G,
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