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Abstract

This study performed as part of the international EarlyNutrition research project (www.project-
earlynutrition.eu) provides a systematic review of systematic reviews on the effects of nutritional
interventions or exposures in children (up to three years of age) on the subsequent risk of obesity,
overweight, and adiposity. Electronic databases (including MEDLINE, EMBASE, and Cochrane
Library) were searched up until September 2015. Forty systematic reviews were included. A
consistent association of breastfeeding with a modest reduction in the risk of later overweight and
obesity in childhood and adulthood was found (the odds decreased by 13% based on high quality
studies), but residual confounding cannot be excluded. Lowering the protein content of infant
formula is a promising intervention to reduce the risk of later overweight and obesity in children.
There is no consistent evidence of an association of the age of introducing complementary foods,
sugar-sweetened beverage, or energy intake in early childhood, with later overweight/obesity, but
there are some indications of an association of protein intake during the complementary feeding
period with later overweight/obesity. There was inadequate evidence to determine effects of other
nutritional interventions or exposures, including modifications of infant formula composition, fat
intake, or consumption of different food groups.

Keywords
obesity; systematic review; nutrition

Introduction

Early life exposures to suboptimal nutrition have been widely implicated in causal pathways
leading to increased risk of disease in later life.1 This concept has become known as ‘early
metabolic programming’ or ‘developmental programming’ and was derived by evidence
from animal studies2 and later human epidemiological studies associating low birth weight
with adverse cardiovascular and metabolic outcomes in adulthood.3,4 One of the hypotheses
focuses on postnatal accelerated weight gain, suggesting that rapid weight gain in infancy
can lead to increased risk of later obesity and related disorders.5,6,7 For example, higher
protein intake in infancy has been reported to stimulate the secretion of insulin and insulin-
like growth factor | and, thereby, increase weight gain and further obesity risk.8 In contrast,
there is evidence suggesting that breastfeeding has a protective effect against overweight and
obesity.9

Many observational studies have examined the relationship between nutrition in infancy and
early childhood and growth and child health outcomes, whereas intervention studies that can
directly address causality are limited in number. A consequence of the paucity of
intervention studies conducted in humans is that observational data are increasingly
contributing to guideline development for dietary advice in infancy and early childhood,10 a
practice widely accepted to have considerable limitations. Systematic reviews have failed to
improve clarity because of widely varying approaches. Moreover, guidelines on nutrition for
infants and young children often fail to address longer-term outcomes, including the risk of
cardiovascular disease, hypertension, overweight, obesity, and diabetes. There is also
inconsistency amongst these recommendations for some health outcomes.11 This prompted
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the EarlyNutrition Project (www.project-earlynutrition.eu) to undertake a systematic review
of published systematic reviews on the effects of nutritional interventions or exposures in
children (up to three years of age) on the subsequent risk of obesity, overweight, and
adiposity in order to develop new, improved strategies and recommendations on nutrition in
this population.

This review was initiated as part of the development of recommendations by the
EarlyNutrition Project on nutrition during pregnancy, lactation, and early childhood and
consequences for offspring health and risk of later obesity.

Criteria for considering studies for this review

Types of studies—We included systematic reviews (of randomized controlled trials
[RCTs] and/or observational studies) with/or without a meta-analysis. Systematic reviews of
systematic reviews were also eligible for inclusion. We considered a review as ‘systematic’
if it was indicated to be by the authors and/or it had key characteristics of a systematic
review, following the Cochrane Handbook:12 “a clearly stated set of objectives with pre-
aefined eligibility criteria for studies,; an explicit, reproducible methodology, a systematic
search that attempts to identify all studlies that would meet the eligibility criteria; an
assessment of the validity of the findings of the included studies, for example through the
assessment of risk of bias,; and a systematic presentation, and synthesis, of the characteristics
and findings of the included studies.” Non-systematic reviews and reviews of guidelines
were excluded.

Types of participants/populations—Reviews must have /ncluded infants and young
children (aged up to three years) representing the general population (including those whose
mothers and/or fathers are overweight/obese). Systematic reviews of studies that recruited
infants and young children with a wider range of age also were eligible for inclusion;
however, we must have been able to extract data on children up to three years of age. We
excluded systematic reviews that focused on studies conducted (i) in infants and children
with specific disorders, (ii) in preterm infants or in SGA (émall for gestational age) infants,
and (iii) in children from mothers/fathers with specific disorders or conditions (mental or
physical) other than overweight or obesity.

Types of interventions/ exposures—Reviews that assessed the effects of specific
nutritional interventions/exposures in children were included. Behavior change interventions
focused on improving nutrition were nota subject of this review. Similarly, mixed
interventions/exposures (such as combinations of nutritional interventions/exposures
together with physical activity) were not addressed in this review.

Type of comparator(s)/ controls—Usual standard care or diet; no intervention; various
levels of exposure.

Type of outcome(s)—Our pre-specified primary outcomes measured at any age after
birth included the following: obesity and overweight, as defined by the authors; body mass
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index (BMI) or changes in this parameter at different time intervals (as defined by the
authors); fat mass; body fat percentage; and fat-mass index (measured with the use of
different methods/devices). We excluded outcome measures focused on the presence of
specific disorders such as asthma, epilepsy, etc. We chose the outcome assessment to be at
any age after birth for few reasons: (i) the lack of a clearly defined cut-off time point to
indicate the optimal time for assessment of the phenotypic effect of programming either in
relation to the interval following the exposure or the age of the offspring; (ii) reviews often
gather evidence on both immediate and longer-term effects of nutritional exposures; (iii) it is
of interest to identify whether or not immediate and longer-term effects are in the same
direction; differences in the direction of an effect could imply that mechanisms are
dissimilar.

Search strategy

The Centre for Reviews and Dissemination (CRD, University of York) was involved in the
development of our search strategy. Several electronic databases were searched for eligible
systematic reviews, up until September 2015: Cochrane Database of Systematic Reviews
(CDSR); The Database of Abstracts of Reviews of Effects (DARE); Ovid MEDLINE; and
EMBASE (Biomedical and pharmacological bibliographic database). The reference lists
from identified reviews were searched. Attempts to obtain reviews from other sources were
made by a references’ hand search of the included reviews, as well as by contact with
experts in the field. The detailed search strategy for Ovid MEDLINE is shown in Table S1.
Four reviewers (BMZ, MK, BPG, and SK) independently carried out the literature search.
No language restrictions were applied. Systematic reviews meeting our inclusion criteria that
had been published after September 2015 were also eligible, if only we were aware of such
publications. However, no formal search was undertaken after September 2015.

Selection process

For this review, at least two of our four reviewers (BPG, BMZ, MK, SK) independently
screened the titles and abstracts. Full texts of potentially eligible systematic reviews were
further evaluated. If an update of a particular review was published, we included the most
recent publication. Disagreements concerning the eligibility for inclusion were resolved by
discussion until a consensus was reached. All reviewers agreed on the final set of included
reviews.

Data extraction

For each included review, three reviewers (BPG, BMZ, MK) performed data extraction
using a standardized table. Data extracted included first author, search strategy timeframe,
number of studies included in total and involving children aged up to three years, age of
participants, study design, intervention/exposure, primary outcomes, results, evidence
quality, and comments.

Data synthesis

A narrative synthesis was undertaken. We did not intend to and did not perform a meta-
analysis of the meta-analyses of included reviews due to the following reasons: (i) expected
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heterogeneity of included systematic reviews resulting mainly from a broadly defined
clinical question; (ii) difficulty in avoiding the use of data from individual studies more than
once and, therefore, inadequately increasing the statistical power when pooling data
together.13 Moreover, whenever possible, we aimed to base our conclusions on the most
recent and robust reviews, trying to avoid overestimating the effect due to duplication of
studies.

Quality assessment of the reviews

Two reviewers independently assessed the methodological quality of each included review
using the ‘Assessment of Multiple Systematic Reviews’ (AMSTAR) tool.14 To our
knowledge, the AMSTAR tool is the only validated tool to assess the methodological quality
of systematic reviews.13 The tool contains 11 questions with regard to the quality of the
review. For the purposes of this document, subjectively, we assumed that scores of zero to
four indicate a low quality review, five to eight, a moderate quality review, and, nine to 11, a
high quality review.

Formally, we did not assess the quality of identified systematic reviews of systematic
reviews due to incompatibility of this kind of review with the AMSTAR tool.

Risk of bias in included studies

If originally assessed by the authors of the included reviews, we extracted data with respect
to the risk of bias (methodological quality) of studies included in every eligible review.
However, we neither performed a formal judgment of this assessment nor assessed
individual studies ourselves. When formulating our conclusions, we took into account both
the quality of the review and the overall quality of evidence that additionally resulted from
the quality of the included studies.

Results/Effects of Interventions/Exposures

Breastfeeding

Nine systematic reviews9,15,16,17,18,19,20,21,22 and two systematic reviews of systematic
reviews23,24 have evaluated the association of breastfeeding (BF) with later overweight and
obesity (Table S2).

Included reviews were heterogeneous in terms of methodology, clinical aspects, and
methodological quality. Only one (a Cochrane review) was of high quality;18 most were
classified as being of moderate quality, and one, of low quality.16 Only a few authors
focused on a specific pattern of BF; more often studies included various BF patterns.

The PROBIT study25,26 was the only randomized trial, but the primary outcome of this
cluster randomized trial was the effect of BF promotion on BF duration and exclusivity, and
the study was not powered to detect the effects of BF duration or intensity on later
overweight and obesity.27

Childhood body mass index, overweight/obesity—Six systematic reviews examined
the effects of BF on later BMI and risk of overweight and obesity9,17,19,20,21,22 (all
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reviews rated as of moderate quality) as did two systematic reviews of systematic reviews.
23,24 Despite important differences in the included reviews, such as the inclusion/exclusion
criteria, they consistently reported a protective effect of BF on overweight and obesity
(assessed during different periods of life, from early childhood up to adulthood, depending
on the included studies).

The most recent 2015 meta-analysis by Horta et al.22 included 105 studies and confirmed
that BF is associated with a reduced likelihood of obesity or overweight in childhood and
adulthood (OR 0.74, 95% CI: 0.70 to 0.78), with similar findings but a somewhat smaller
effect size in analyses restricted to high quality studies (OR 0.87, 95% ClI: 0.76 to 0.99).
This is in line with the results of previously published reviews9,17,19,20,21 and two
systematic reviews of systematic reviews.23,24

In summary, a consistent association of BF with a modest reduction by 13% of the odds of
later overweight and obesity in childhood and adult life was reported, but residual
confounding cannot be excluded.

Effect of the duration of exclusive breastfeeding—A 2012, high quality, Cochrane
review,18 which compared the effects of exclusive BF for six months with exclusive BF for
three to four months (with subsequent mixed BF to six months), concluded that ‘exclusive
breastfeeding for six months does not seem to confer any long-term (at least to early school
age) protection against obesity’. However, this conclusion was based solely on the findings
of the underpowered PROBIT study.27

A 2013 review by Hornell et al.17 (moderate quality) included five studies summarizing data
on exclusive BF and its association with the subsequent risk of overweight/obesity from one
to six years of age. Three prospective cohort studies reported a lower risk of overweight or
obesity with a longer duration of exclusive BF. In contrast, two studies, one the PROBIT
study, found no consistent association between BF duration and exclusivity with regard to
risk of overweight and obesity assessed at the ages of one, two, three, and 6.5 years.

A 2005 review by Owen et al.19 (moderate quality) reported on three studies evaluating
exclusive BF for eight months or more versus a shorter duration of BF, where the mean
difference in mean BMI between groups, measured between two and 12 years of age, was
-0.39 kg m2 (95% CI: —0.51 to —0.26). However, this effect was no longer evident in two of
the three included studies after adjustment for confounding factors such as socioeconomic
status, maternal BMI, and maternal smoking in pregnancy (from -0.4 to -0.02, after
adjustment).

In summary, there is no conclusive evidence that exclusive BF, regardless of its duration, has
a strong protective effect on the later risk of overweight and obesity.

Effect of the duration of any breastfeeding—Five systematic reviews9,16,17,20,21
assessed the later effect of the duration of any BF on BMI and/or the risk of overweight/
obesity; some were of moderate quality, apart from that by Harder et al. 16 that was of low
quality.
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The systematic review by Yan et al.21 (moderate quality) including 25 studies concluded
that BF was associated with a reduced risk of obesity in children (adjusted OR 0.78; 95%
Cl: 0.74 to 0.81). Categorical analysis of 17 studies revealed a dose-response effect between
BF duration and reduced risk of childhood obesity (any BF for seven and more months,
adjusted OR 0.79, 95% CI: 0.70 to 0.88). The quality of the included studies was not
assessed by the authors, decreasing the reliability of the conclusions.

Likewise, Hornell et al.17 (moderate quality) reported a protective effect of duration of BF
against later overweight and obesity in childhood, adolescence, and adulthood. The authors
concluded that the evidence was convincing for this association with adolescent overweight/
obesity and limited, but suggestive for adulthood overweight/obesity.

Harder et al.16 (low quality) reported the results of a categorical analysis that confirmed a
dose-response association between the duration of BF and risk of childhood and adulthood
overweight based on BMI in the majority of the studies, assessed from 0 to 33 years (less
than one month of BF, OR 1.0, 95% CI: 0.65 to 1.55; one to three months of BF, OR 0.81,
95% CI: 0.74 to 0.88; four to six months of BF, OR 0.76, 95% CI: 0.67 to 0.86; seven to
nine months of BF, OR 0.67, 95% CI: 0.55 to 0.82; more than nine months of BF, OR 0.68,
95% CI: 0.50 to 0.91). One month of BF was associated with a four percent decrease in risk
(OR 0.96 per month of BF, 95% CI: 0.94 to 0.98). The quality of the included studies was
not assessed.

Weng et al.20 (moderate quality) found conflicting evidence for duration of BF. Four of the

five studies included in their review found no significant association between the duration of
BF and risk of childhood overweight. However, the risk of bias differed greatly between the

studies.

A 2005 review by Owen et al.19 (moderate quality) found that compared with BF for a
shorter time, prolonged BF (not defined) provided a greater protective effect on mean levels
of adiposity in children and adults from one to 70 years (based on BMI).

In summary, there are some indications that BF of very short duration has a lesser protective
effect than BF of longer duration on the later risk of overweight and obesity, although
residual confounding cannot be excluded.

Exclusive breastfeeding—With respect to BF exclusivity and its association with BMI
when compared to any BF, Owen et al. reported that “the difference in mean BMI appeared
somewhat smaller between 20 studies in which initial feeding groups were definitely
exclusive (-0.06; 95% CI. -0.09, -0.04) and 12 studies that did not report whether feeding
was exclusive (-0.13, 95% ClI. -0.18, -0.08). However, this difference was not statistically
significant (P=0.45).”19

Included amongst the reviews was a 2012 systematic review and meta-analysis by Gale et al.
15 (moderate quality), which also investigated the contemporary (immediate) effect of BF or
formula feeding on the body composition of healthy, term infants. The authors concluded
that compared to BF, formula feeding was associated with a transient lower fat mass and a
higher fat-free mass from three to six months of age.

Obes Rev. Author manuscript; available in PMC 2017 June 01.



s1duosnuBIA Joyiny sispund DN edoin3 ¢

s1dLIOSNUBIA JoLINY sispund DN 8doin3 ¢

Patro-Gotab et al. Page 8

In summary, there is no conclusive evidence that exclusive BF has a stronger protective
effect on the later risk of overweight and obesity than predominant or partial BF.

Infant Formula

Eight systematic reviews assessed the effects of different components of infant formula
feeding on BMI, overweight, obesity, or body composition (Table S2),
28,29,30,31,32,33,34,35 including two30,34 which addressed only the immediate
consequences. All reviews included exclusively or mainly randomized controlled trials
(RCTs).

Variations in terms of assessed components of infant formulas and selected outcomes were
observed between the included reviews. Based on the AMSTAR assessment (Table S3), only
one of the reviews was of high quality;29 four reviews were classified as being of moderate
quality,28,30,31,33 and two, of low quality.32,35

* Protein content—Body composition

Both a review by Patro-Gofab et al. 201629 (high quality) and a systematic review by
Abrams et al. 201528 (moderate quality) identified data only on the immediate
consequences of lowering the protein composition of infant formula feeding and concluded
that the evidence was insufficient to determine whether reducing the protein content in infant
formula influences infant body fat composition.

Body massindex, overweight, obesity

A systematic review by Patro-Gotab et al. 201629 identified four publications (two RCTS)
that evaluated both immediate and later effects of different protein contents in infant
formulae on BMI. No significant differences were found for mean BMI and BMI-z-score
below six months of life. Starting from 12 months of age, one RCT (the CHOP Study) with
a large sample size reported data on mean BMI and BMI-z-scores at later ages. BMI was
significantly lower in the lower-protein formula group compared with the higher-protein
formula group at all time points (i.e., at six, 12, and 24 months and at six years). Similarly,
CHOP was the only study to report on the protein content of infant formula and the risk of
becoming obese and found a markedly reduced obesity prevalence in the lower-protein
formula group (1.77 and 2.2 g protein 100 kcal™® in infant and follow-on formulae,
respectively) at the age of six compared with the higher-protein formula group (2.9 and 4.4 g
protein 100 kcal1, respectively) (one RCT n=448, unadjusted Relative Risk (RR) 0.44, 95%
Cl: 0.21 to 0.91; adjusted RR 0.35, 95% CI: 0.15, 0.82).36

A 2015 review by Abrams et al.28 also referred to the findings of the CHOP study with
respect to BMI and obesity risk. Here, an additional RCT was included, reporting that the
BMI at 24 months of age was lower in infants of overweight mothers fed lower-protein
formula compared to controls.37

In summary, lowering the protein content of infant formula is a promising intervention to
reduce the risk of later overweight and obesity in children, but more studies replicating the
effects on long-term health outcomes are needed.
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» Addition of selected bacteria or non-digestible carbohydrates to infant
formulae—Body composition and BMI

No reviews relevant to longer-term childhood BMI or body composition effects were
identified. A systematic review by Szajewska & Chmielewska 201330 (moderate quality)
investigated immediate effects of infant formula supplementation with different strains of
bacteria, finding no significant difference in BMI between groups. Similarly,
supplementation with inulin-type-fructans was summarized by Liber & Szajewska34
(moderate quality), but no studies that assessed BMI were identified. None of the included
trials reported on body composition.

In summary, there is no evidence to demonstrate long-term (or immediate) effects of infant
formula supplemented with selected so-called “probiotic” bacteria or non-digestible
carbohydrates on BMI.

» Infant formula long-chain polyunsaturated fatty acids (LCPUFA) content—
Body composition and BM|

A 2012 systematic review by Campoy et al.31 (moderate quality) found no RCTSs that
assessed BMI. Body composition was not an outcome of interest in this systematic review.

A 2012 review by Rodriguez et al.32 (low quality) assessed the effects of n-3 LCPUFA
intake, during pregnancy and postnatally, on infants” and young children's body
composition. Six RCTS (four conducted in preterm and two, in term infants) focused on
infant formulae supplemented with n-3 LCPUFA. The first of the two RCTSs in term infants
(classified as of moderate quality) showed, compared to an unsupplemented formula group,
no effect of supplementation of infant formula with docosahexaenoic acid (DHA) or both
DHA and arachidonic acid from birth to 17 weeks of age on body composition assessed at
the age of 12 months. In the second RCT, in which the intervention was introduced from the
first one to five days of life until the end of the second postnatal month, and the children
were studied at 9 years of age, a similar lack of an effect on BMI and overweight risk in all
of the study groups (LCPUFA-supplemented formula group, unsupplemented formula
group, and breastfed group) was observed. However, the authors classified this study as
being at high risk of bias. This was confirmed by the later review of Voortman et al.33
(moderate quality) evaluating the effects of PUFA dietary intake and blood levels during
pregnancy, lactation, or early childhood on obesity and other cardio-metabolic outcomes.

In summary, there is no evidence that consumption of LCPUFA-supplemented infant
formula reduces the risk of later obesity.

» Soy-based infant formula—Body massindex

A 2002 systematic review by Mendez et al. (low quality) assessed growth of infants fed soy-
based formula.35 Based on the results of one retrospective cohort study, there was no
difference in BMI assessed in young adults who were participants of infant feeding trials and
fed soy-based formula compared to cow’s milk-based formula during infancy.
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In summary, there is no evidence that consumption of soy-based formula reduces the risk of
later overweight or obesity.

Complementary Feeding

Five systematic reviews reported on various timings of complementary feeding (CF)
introduction,20,38,39,40,41 and one systematic review reported on the effects of types of
foods introduced during the CF period,42 both addressing immediate and later effects.

» Timing of complementary feeding introduction—Body massindex and
overweight, obesity

A 2015 systematic review by Qasem et al.40 (moderate quality) aimed to summarize the
influence of CF introduction at four months versus six months of age, but no significant
differences between groups in BMI at six months of age were found.

A 2013 review by Pearce & colleagues39 (moderate quality) is an update of the 2011
systematic review by Moorcroft et al.38 (moderate quality) in which the majority of studies
showed no clear association between the age of introduction of solid foods and obesity
during infancy and childhood. This update applied different inclusion criteria (i.e.,
incorporating populations from developing countries, but also limiting the lower mean age
of children when outcomes were assessed to four years of age). Of the 23 included, 21
studies assessed the relationship between the timing of CF and later childhood BMI
(measured from two to 19 years of age). No significant association was found in 13 studies,
and in another three studies, the observed effect was no longer significant when adjusted
analysis was performed. However, it was noted that there is a possibility that very early
introduction of solids may have an impact on BMI, based on results from two of four
identified studies that assessed very early introduction of CF (at three and less than three
months). The authors concluded that ‘there is no clear association between age of
introduction of complementary feeding and childhood overweight or obesity, but some
evidence suggests that very early introduction (at or before 4 months), rather than at four to
Six months or more than six months, may increase the risk of childhood overweight’
measured at four to 12 years of age.

A 2012 systematic review by Weng et al.20 (moderate quality) included prospective
observational studies following up children from birth for at least two years to determine
risk factors for childhood obesity. Among 30 included studies, four investigated the
relationship between the earlier introduction of solid foods and childhood overweight at
three (two studies), ten, and 11 years of age. There was some evidence supporting early
introduction of solid foods as a risk factor for later overweight, but this was limited to
formula-fed infants only. One of the two studies conducted in formula-fed infants found that
compared with infants given solid foods after four months, infants given solid foods before
four months were 1.12 times (95% CI: 1.02 to 1.23) more likely to be overweight at three
years of age. The second study found that, compared with infants who were given solid
foods between four and five months of age, infants given solid foods before four months
were 6.3 times (95% ClI: 2.3 to 16.9) more likely to be overweight at three years of age.
However, this relationship was not significant in two studies of breastfed infants. A 2001
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review by Lanigan et al41 (low quality) included no additional studies compared to those
described above.

Adiposity

A review by Qasem et al. 201540 (moderate quality) found no difference in fat mass
between groups that received CF at four months versus six months of age, when studied at
six months of age. In contrast, an earlier review by Lanigan et al. 200141 (low quality)
found in two studies an increased fat mass at follow-up in seven-year-old children who had
CF introduced before 15 weeks compared with six-year-old children who had CF introduced
after five months. However, two of the remaining systematic reviews (both of moderate
quality) found no clear association between the timing of CF introduction and measures of
adiposity such as skinfold thicknesses, fat mass, and percentage fat mass measured by DXA
and/or bioelectrical impedance.38,39

In conclusion, there is no consistent evidence of effects of the timing of introducing CF and
later adiposity risk.

In summary, there is no consistent evidence of an association between the earlier
introduction of CF before 15 weeks/four months and later childhood adiposity.

» Types of complementary food—BM I, childhood obesity

Only one systematic review by Pearce & Langley-Evans 201342 (moderate quality)
analyzed whether the risk of subsequent overweight or obesity was affected by the type of
CF introduced during infancy. Ten observational studies were included. The authors assessed
different types of foods/food groups and found no association between the types of food
given and childhood obesity in three out of four studies. One study found that delaying the
age at which introduction of solid and semi-solid foods were introduced (bread and biscuits
mixed with milk) had an inverse association with the BMI z-score at ten and 11 years of age,
after adjustments. One of the included studies analyzed the association between adherence to
a specific diet during infancy and BMI at four years of age. Neither fat mass nor BMI
changes were associated with CF of ‘a diet based on fruit, vegetables, meat, fish and home-
prepared foods’. Evaluation of specific macronutrient’s effects in regard to the CF period,
together with quality assessment of the included studies, is presented elsewhere in this
review.

In summary, there is no evidence to suggest associations between certain CF types or
patterns and subsequent childhood overweight or obesity.

Protein Intake in Early Childhood

Pearce & Langley-Evans 201342 (moderate quality) also investigated the effects of protein
(total protein content or type of protein) consumed during the CF period by infants on the
risk of overweight or obesity and body composition in childhood. Based on conflicting data
from four cohort studies, the authors concluded that “ Some association was found between
high protein intakes at 2-12 months of age and higher body mass index (BM|) or body
fatness in childhood, but was not the case in all studies.”
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Hornell et al. 201343 (moderate quality) assessed the effects of different levels of protein
intake (and different sources of protein) during infancy and childhood on different health
outcomes, including BMI and body composition, in a Nordic setting. For the purpose of a
subanalysis limited to the effects of early protein intake, the authors included 13 studies (two
clinical trials, nine cohort studies, and two cross-sectional studies) in which the association
of protein intake in children from 0 to approximately 3 years of age (only in 2 studies the
age range was from 1 to 5 years) with BMI, overweight /obesity, or body composition (up to
ten years of age) was evaluated. They concluded that higher protein intake during the first
years of life is positively associated with increased growth and higher BMI later in life. The
evidence was classified by the authors as convincing (grade one), when taking into account
the results of the studies and evidence quality assessment. It needs to be emphasized,
however, that this review incorporated data on the effects of protein intake and protein
content in infant formula but used these terms synonymously. The evidence (data from four
cohort studies and one cross-sectional study) was described by the authors as “limited-
inconclusive (grade 4)” considering the conflicting results of the identified studies with
respect to the effects of protein intake in early childhood on later body fat.

These two reviews varied greatly in terms of applied search strategy and eligibility criteria,
which may explain differences in study selection and the important discrepancy in obtained
results regarding BMI and obesity risk.

In summary, there is inconsistent evidence of an association between a higher dietary protein
intake in early childhood beyond infancy and later childhood overweight or obesity.

Fat Intake in Early Childhood

» Total fat intake—BM|I and body composition

A 2014 Cochrane review (high quality) assessed the effects of fat intake in infancy on
childhood outcomes of interest.44 Four observational studies conducted in children aged up
to three years were included. In one cohort (two analyses), the authors addressed
associations of dietary fat intake at different time points (including second and third year of
life) with percentage body fat at 70 months and with BMI at eight years of age. A direct
relationship of fat intake with BMI or BMI change, as well as with the percentage of body
fat, was noted. However, analyses of the other studies found no association, or even an
inverse association to that expected. In one, greater total fat intake at two years was related
to a lower percentage of subscapular skinfold and fat mass after 18 years of follow-up (but
not BMI or other skinfolds). The authors concluded that there was no clear association
between lower total fat intake and later BMI and/or body composition.

In summary, there is no conclusive evidence of a relationship between fat intake in the first
years of life and childhood BMI or early adulthood adiposity.

» Polyunsaturated fatty acid intake—BMI, body composition, and obesity

A 2015 review by Woortman et al.33 (moderate quality) assessed the influence of the intake
and status of LCPUFA in infancy on later obesity (including effects on BMI and body fat).
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Eight interventional and observational studies conducted during early childhood that
assessed different outcomes of interest were included. Three of the included interventional
studies were performed in term infants and assessed different forms of PUFA intake (fish
oils, dietary supplements), with different comparisons (placebo, other fats). Two reported no
difference in BMI or body fat percentage immediately after the intervention, and another
showed no long-term effect of the intervention on BMI at eight years (interventions starting
from six months to five years). Five of the included cohort studies evaluated the intake or
levels of PUFA at various time-points (from birth until five years of age). Long-term effects
were assessed after one to ten years of follow-up and showed conflicting evidence. In three
studies, no consistent effects were noted. In one study, a lower obesity risk at four years was
found (dietary intake of PUFA evaluated at 12 to 19 months). In contrast, in another study, a
higher BMI was found at ten years of age in a sub-group with higher n-3 and lower n-6 fatty
acids levels at birth (in cord blood). The authors concluded that there was insufficient
evidence to suggest an effect of polyunsaturated fatty acid intake in early childhood on later
overweight or obesity. A 2014 review by Koletzko et al.45 (low quality) included no
additional studies compared to those described above.

In summary, there is no conclusive evidence that PUFA intake in early childhood influences
long-term risk of overweight, obesity, or body fat content.

Sugars and Sugar-Sweetened Beverages

A total of seven systematic reviews46,47,48,49,50,51,52 and one systematic review of
systematic reviews53 evaluated later as well as more immediate effects of sugar-sweetened
beverages (SSB) and dietary sugar intake on childhood overweight and obesity. In the age
group up to three years, a single RCT and different types of observational studies were
included. The majority of the reviews were of low quality,46,47,48,49,50 and two, of high
quality.51,52 Two reviews48,51 (including one of high quality)51 included our population of
interest in the inclusion criteria; however, none identified any studies of exposures in
children aged up to three years, and they are not described in detail.

Childhood BMI—In a 2013 review by Perez-Morales et al 47 (low quality), three out of
seven longitudinal studies evaluating influences of exposure up to the age of three years
focused on SSB intake. The authors concluded that there is ‘a trend showing that high
consumption of SSB is associated to higher BMI, waist circumference, and overweight later
in childhood’. In only one study (out of three related to our focus of interest), regular
consumers of SSB at two years compared with ‘non-consumers’ had a higher risk of
overweight at 4.5 years (OR 2.4; 95%CI: 1.11 to 5.05) independent of the overall nutritional
content of the diet.54 In another study, no statistically significant association was noted
between consumption of sweet drinks at the age of two to three years and development of
overweight one year later among children who were non-overweight at baseline, however, a
significant difference was found in children who were already at risk for overweight at
baseline (BMI 85t to <95t percentile).55 Similarly, increases in added sugar intake from
SSB between the ages of one and two years were not associated with later BMI at the age of
seven years in another study.56

Obes Rev. Author manuscript; available in PMC 2017 June 01.



s1duosnuBIA Joyiny sispund DN edoin3 ¢

s1dLIOSNUBIA JoLINY sispund DN 8doin3 ¢

Patro-Gotab et al.

Energy

Page 14

In a systematic review by Osei-Assibey et al. 201249 (low quality), only two studies
conducted in children aged up to three years were identified. One RCT, focusing on the high
risk for obesity in a population of American Indians/Alaskan Natives,57 showed that
combined community and family interventions to promote breastfeeding (at visits before
birth) and a reduction in the consumption of SSB (at visits within the first three months),
rather than a community-alone intervention, decreased the BMI z-score rise in toddlers at the
age of two years. Among longitudinal studies, only one was conducted in children aged two
to three years, reported above,55 which was also included in other systematic reviews.46, 50

Childhood overweight/obesity—A systematic review and meta-analysis by 7e Morenga
et al. 201252 (high quality) evaluated the influence of dietary sugar intake on childhood
overweight and obesity after one year of follow-up. Among the 21 included studies, six
reported children who were recruited under the age of three years. The authors found an
association between one daily serving intake of SSB at baseline (versus children consuming
none or very little) and odds of being overweight at follow-up (OR 1.55; 95%CI: 1.32 to
1.82). However, this result should be treated with caution, as different populations/
comparisons (including adolescents, obese children) were included and there may be effects
of lasting dietary patterns rather than of early programming. Similar findings were reported
in a systematic review of systematic reviews by Keller et al..53

Additionally, in a systematic review by Gibsom6 (low quality), one cross-sectional study
showed a positive association between soda consumption and overweight amongst children
who were two years of age.

In summary, there is inconsistent evidence to suggest an association between SSB intake in
early childhood and long-term overweight and obesity; current diet is likely to be a major
confounder.

Pearce & Langley-Evans 201342 reported one cohort study that focused on energy intake at
four months of age and its influence on BMI,; this study found a linear association between
energy intake and higher BMI at one, two, three, and five years of age in formula-fed or
mixed-fed infants only. Each 420 kJ per day increase in energy at four months led to a
increase in risk of BMI >85th percentile with borderline significance (OR 1.25; 95% CI:
1.00 to 1.55). Higher energy intake at four months was also positively associated with rapid
weight gain, which independently predicted the risk of obesity in children.42 The quality of
the identified study, assessed with the use of Newcastle-Ottawa scale, was quite high,
although no adjustment for dietary intake at time of measurement (age one, two, three, and
five years) was reported. Based on these findings, the authors stated that “Higher energy
Intake during complementary feeding was associated with higher BMI in childhood".
However, they also emphasized that considering the limited body of evidence (one single
study), the findings were inconclusive.

In summary, there is limited evidence that total energy intake in early childhood is
associated with later higher BMI. However, confirmation of this association by controlled
intervention studies is not available.
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Dairy Food Intake

No reviews were found that addressed the effect of exposure to milk or dairy products in
early life on later BMI or body composition in children other than the review by Pearce &
Langley-Evansa2 which concluded, when referring to long-term consequences of different
protein intakes in infancy, that “particularly dairy protein, in infancy could be associated
with an increase in BMI and body fatness, but further research is needed to establish the
nature of the relationship.” In relation to immediate effects, a recent review by Dror et al.58
(moderate quality) found no significant association between total dairy or total milk intake
and BMI z-score at two years or incident overweight at three years, in line with a previous
2011 review on the relationship between dairy consumption and overweight/obesity in
children and adults.59

In summary, there is inconsistent evidence of an association of dairy consumption in early
childhood with increased later overweight and obesity, but there is a lack of relevant
controlled intervention studies.

Fruit and Vegetable Intake

No reviews were found that addressed associations between dietary intake of fruits and
vegetables in early childhood on later body composition, overweight, and obesity.

In a review by Kaiser et al. 201460 (moderate quality) that aimed to summarize the evidence
on ‘the effectiveness of the general recommendation to eat more fruits and vegetables for
weight loss or the prevention of weight gair’, no studies in children were identified.

In summary, there is no evidence that the dietary intake of fruits and vegetables in early
childhood affects later body composition, overweight, and obesity.

Adherence to Dietary Guidelines

The influence of adherence to dietary guidelines was also addressed by Pearce & Langley-
Evans.42 Based on the results of one identified study, no association was found between the
Infant Guideline Score (IGS, based on dietary patterns) and later childhood BMI, fat mass,
or fat-mass index. Positive associations between increasing IGS and both lean mass and the
lean mass index were observed in four-year-old children. The overall quality of this study
was moderate, and no firm conclusions can be drawn from a single report.

In summary, there is insufficient evidence of any effects of adherence to dietary guidelines in
early childhood on later body composition, overweight, and obesity.

Discussion

Summary of main findings

The aim of this systematic review of systematic reviews was to examine existing evidence
on different nutritional interventions or exposures in infants and children and their effects on
later health, specifically outcomes related to overweight and obesity. We wished to address
the ‘early life programming’ hypothesis, which suggests that there are periods of
developmental vulnerability to nutritional exposures when suboptimal nutrition may lead to
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persistent phenotypic changes in later life and increased risk of obesity.6,7 To achieve this
goal, in reviewing the literature we attempted to distinguish immediate effects from later
effects of early nutrition. However, there is no clearly defined cut-off time point to indicate
the optimal time for assessment of the phenotypic effect of programming either in relation to
the interval following the exposure or the age of the offspring. Moreover, many of the
selected reviews included studies on both immediate and longer-term effects of the
nutritional exposures, making conclusions sometimes difficult to be formulated. Our
approach was to identify the age of participants during the intervention and outcome
assessment, while attempting to arbitrarily classify observed effects as immediate or later.
On this basis, we found no strong evidence that any of the nutritional interventions or
exposures in children aged up to three years consistently reduces the risk of overweight/
obesity or increased adiposity. There was, however, weak evidence that some of these
interventions/exposures may be associated with a reduced risk of overweight/obesity. A
consistent association of breastfeeding with a modest reduction in the risk of later
overweight and obesity in childhood and adulthood was found (the odds decreased by 13%
based on high-quality studies), but residual confounding cannot be excluded. Lowering the
protein content of infant formula is a promising intervention to reduce the risk of later
overweight and obesity in children. There is no consistent evidence of an association of the
age of introducing complementary foods, sugar-sweetened beverage, or energy intake in
early childhood, with later overweight/obesity, but there are some indications of an
association of protein intake during the complementary feeding period with later
overweight/obesity.

Strengths and limitations of this review

This review summarizes evidence from a number of systematic reviews of different
nutritional interventions for the same problem, thus, it differs from systematic reviews that
summarize original studies. Our search strategy was developed to ensure a thorough
literature search, with no restrictions by language. All analyses were defined a priori.
Considering that for some interventions (e.g., breastfeeding), RCTs would have been
unethical, systematic reviews of non-RCTs were included. However, our review might not
be comprehensive. Moreover, reviews were included only if our population and outcomes of
interest were clearly identified in the abstract. If not, these systematic reviews might have
been omitted.

The majority of the included reviews were published between 2010 and 2015. The inclusion
of older systematic reviews, which have not been updated, may be challenged. However, for
completeness, we reviewed all available systematic reviews, as small differences in search
strategies in the included reviews might have resulted in substantial differences in the set of
studies identified. As a consequence, often the evidence from included reviews is
overlapping. Nonetheless, whenever possible, we aimed to base our conclusions on the most
recent and robust reviews to avoid overestimating the effect.

Only some of the reviews included in our review were of high methodological quality based
on the AMSTAR assessment. We acknowledge that originally this tool was developed to
assess the reviews of RCTs only61 and that other tools may be considered (including the
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newly developed ROBIS tool).62 However, all of the assessed elements apply also to
systematic reviews of observational studies, and this tool had been previously used by
different authors of reviews of observational studies.24,53

The conclusions of the original systematic reviews were often limited by the small number
of included trials and/or participants and/or by the heterogeneity of the studies included.
Except for the Cochrane reviews, which consistently used the Cochrane Risk of Bias toal, in
the other original systematic reviews, the risk of bias in the included studies was not always
assessed. When evaluated, often the included studies were not methodologically rigorous.

Conclusions

Rigorous testing of the “early life programming’ hypothesis requires clarity on both the
timing of an exposure and outcome assessment in order to distinguish immediate
consequences of dietary interventions from longer-term and potentially programmed effects.
More high quality, controlled interventional studies are needed to address specific
relationships between some nutritional components in early life and later risk of adiposity,
ranging from protein, fat, and SSB intake to overall diet quality as well as the consumption
of different type of foods such as dairy products or fruits and vegetables. In addition, further
research is needed to identify the most effective strategies to implement particular dietary
recommendations.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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