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Abstract

Objective: To evaluate the evidence for association between obskitputcomes >12
months of age and timing of sold introductian healthy term infants in developed countries,
the large majority of whom are not exclusively breast@eé months of age.

M ethods: Studies included were published 1990-March 2013.

Results: Twenty-six papers with weight status or obesity prevaleoutcomes were
identified. Studies were predominantly cohort design, mostimlortant methodological
imitations. Ten studies reported a positive association.h&3et only two were large good
quality studies and both examined the outcome of early (<4 shosthlid introduction. None
of the four good quality studies that directly evaluatedeotirguidelines provided evidence
of any clinically relevant protective effect of solid aduction from 45 versus > 6 months

of age.

Conclusion: Overall the introduction of solids prior to 4 months may lreisuncreased risk
of chidhood obesity but there is little evidence of adversightv status outcomes associated
with introducing solids at 4-6 rather than at 6 months.

Implications: More and better qualty evidence is required to inform guaelel on the

‘when, what and how’ of complementary feeding.



I ntroduction

The 2003 WHO recommesd that “infants should be exclusively breastfed for the first six
monthsof life. Thereafter....infants should receive nutritionally adequate and safe
complementary feeding . The paralel complementary feeding guidelines are ppéger in
their wording and recommend introducing complementary feeting months (180 days)

of age”.}:2The recommendations for exclusive breastfeeding andirihg tof solid
introduction are inextricably linked because faiure to cgmth the latter precludes
adherence to the former. Thus, it is difficult to determing @otential independent outcomes
of introduction of solids prior to 6 monthsThis circular argument is further complicated by
the well-established interactions between exclusive stieealing, formula feeding and age of
solid introduction and maternal factors such as age, tmtuand smoking:®2 The potential

for residual confounding is substantial.

The 2003 WHO exclusive breastfeeding recommenddtiovese based on a commissioned
Cochrane review first published in 2002 and updated in 20h2. review compared the
benefits of exclusive breastfeeding for 6 months versus 3-thsndollowed by mixed
feeding (breastmik with formula and/or complementary fooal€ months. Of the 23 studies
included, 12 were conducted in developed countries. The maingindvere that exclusive
breastfeeding for 6 months compared to 3-4 months was associiddssgv gastrointestinal
infection (but not hospitalisation for infection). No evidenof deficits in growth or
protection against atopic outcomes was reported. Importantly eithe studies
distinguished between partial breastfeeding due to introductidornafla versus solids, or
adjusted for age of solid introduction. However, a recent R@ fceland® evaluated
exclusive breastfeeding versus breastfeeding plus complemeiaéling from four months
of age and showed no group difference in total energy ingrk@th or body composition at
6 months of age. No other health outcomes were assessed.efak adnclusion of the
Cochrane review was théhe available evidence demonstrates no apparent risks in
recommending, as a general policy, exclusive breastfeeding for the finsbsiks of life in
both developing and developed-country settifgée implied risk assessment approach
evident in this conclusion and the emphasis on adequatgyemrotein and micronutrient
intake, energy density, microbiological safety, micronutrismpplementation, active feeding
and frequent meals evident in the WHO complementary nigegliidelines 2, suggest a bias

towards under-nutrition and a developing country setting. valigity of this one size fits all



approach has been questiohédespite the high prevalence and important short and long
terms adverse outcomes of obesity in developed couktriasesity risk outcomes beyond

infancy were not explicitly considered.

Few studies have examined the outcomes of increasedoduddtexclusive breastfeeding
from 3-4to 6 months in developed counttied-urthermore, there are no data to determine
whether the reason for the cessation of exclusive hkeedst) — introduction of formula or
solids from 4-6 months - influences outcomes. Results frarge kluster RCH* showed no
differences in BMI, other indicators of adiposity or blood presau@.5 years of age
associated with exclusive breastfeeding for >3 months or between infants exclusively

breastfed > 6 months versus formula from one month. Age of mitiation of complementary
feeding was not included as a covariate. Analysis of outcam&4.5 years further confirmed
no longer term effect on overweight or obesity of increasedtiolrof exclusive
breastfeeding® A 2007 meta-analys® reported any bredstding (ie. ‘ever’ or duration)

was associated with reduced longer term (age >12 months)f eskablished predictors of
chronic disease, including obesity, suggesting that thgsertant positive health outcomes
are not predicated on exclusive breastfeeding to 6 months. IOwethe developed country
context, the health benefits of exclusive breastfeedingridey months of age are
uncertaint! These studies raise questions regarding recommenddtioingroduction of
solids at 6 rather than 4-6 morth3in developed countries, where over- rather than under-
nutrition is a priority chid health problem. This is impaottagiven that in Australia the
prevalence of exclusive breastfeeding to 6 months is only 1898%% infants have
commenced solids by 4 months of a8&his substantial and persistent gap between
recommendations/policy and practice has potential imgiatifor the credibility of health

workers and self-efficacy of mothers.

A 2010 systematic revieM/ examined the relationship between timing of introduction of
solids and obestty in chidhood and beyond. The review concludeel wlaes no clear
prospective association between age of sold introduction armmtyobsk. Methodological
issues, particularly those related to variable assessamehtiefinitions, were not
comprehensively discussed. A 2013 systematic ré¥igpublshed 3 months after our search
cut-off date) with stringent selection criteria exadintiming of introduction of solid foods
on BMI (no self-report data) or percentage body fat betwegh years of age. Several

studies from countries in nutrition transition e.g. Brand India were included. This review
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also concluded that overall there was no clear assoclgbmeen age of solid introduction
and obesity risk (to 12 years of age) but that very earlydnttion (age 4 months of earlier)
may carry increased risk of chidhood overweight.

Our overall intention in this review was to focus onremtrition in the context of the
contemporary ‘obesogenic’ environment. Specifically we aimed to take a narrative approach
to (i) update and extend the scope of the Moorcroft réviéhwough more detailed
consideration of the impact on outcomes of variation in exposomparator groups (e.g.
introduction of solids at < 4 versus 4-6 or around 6 months) anchénetaf indicators of
obesity risk and covariategi) highlight research challenges such as measurement
confounding and reverse causalty; amyl (liscuss ethical issues and policy implications for

research in this area.



M ethods

Databases (Medlne, PsycINFO and CINAHL (EBSCOhost), KMéalSociety (Informit),
Scopus, and Web of Science) were searched for Englishadgnguapers published between
1990 to March 2013Xecarch terms included ‘complementary feeding OR complementary

food” OR ‘“introduction to solids’ OR ‘infant feeding” OR ‘weaning OR weaning foods’.
‘Marketing” was used as a search term in Informit only. Fiters for humans and infants (e.g.
“All nfant: birth-23 nonths” in Medline) were applied. Ful text articles were retrieved
where abstracts and/or titles appeared to meet the intlasi@ria and reference lists of

these papers reviewed to identify any additional potentielgvant studies.

Studies published prior to 1990 were excluded on the basis theyeprdaatdramatic
increase in prevalence of chidhood obésignd that infant feeding practices and
recommendations have changed substantially sinceirtieat ¥Where studies published after
this time included older cohorts, this was noted. Only estudif healthy term infants from
developing countries were included. The exposure of interastage of introduction of
complementary feeding (solid foods) and there were no testsicplaced on how this was
defined. Relevant outcomes included any measure of growihhtvetatus or obesity
risk/prevalence beyond 12 months. This is because differencegrly growth related to
mode of mik feeding frequently cease to be evident beyond 12 moihtgg19 20

In total 664 abstracts and tiles were assessed and 1&&xfupapers were retrieved. Full
text papers not retrieved included 247 conducted in non-indissdatountries, 178 that
were not relevant to the review, five that reviewedlajines and one dissertation. Sixty-
seven duplicates were removed. Twenty-five studies metetbetion criteria. One exception
to these criteria was the inclusion of the study by BMehtl2twhich provided follow up at
12 months of age but was the only randomised trial. Thisteesul inclusion of 26 studies

in the review.



Results

Table 1 summarises 26 studies published after 1990 that exassioeiations between age of
sold introduction and indicators of obesity risk or prevalebegond 12 months of age. This
includes nine studies, one case control and seven cohorshpdbkince the Moorcroft
searches were completédas well as one 2001 stddynot included in that review. The table
highlights important design and methodological characteristiese of the 26 papers, were
based on cohorts born in the early 1990s or e#ti@¢26

Ten studie®- 2533 reported a positive relationship. Two of these included older ts3hof®
One is small and collected data retrospectively from badly visit recordd and another is a
small case control study involving chidren born in the e2@90s in an urban area of
China33 A further two studie¥- 32were small (n=210, 307). Hediger e£atonclude a
clinically non-significant positive effect. Two large goodhlijy studieg®: 3°reported a
positive association between early solid introduction (<3-4hmprand prevalence of
overweight at 3-5years of age. Huh et%ih separate analyses, also showed a strong
positive association between introduction < 4 months versus dnthsnin formula fed but

not breastfed infants.

Of the 17 studies (also includes Huh et°ahat showed no associai§i!: 23.24.29.344 ywo
included only breastfed infai®s 37, two included exclusively formula-fed infafts42and
four3s. 36,39, 49re quality studies with large (> 1000) representative epaary cohorts and
robust muttivariable models. The only R&Ehowed no difference in anthropometrics or
body composttion at 12 months between infants introduced to solgist sérsus 6 months

of age.

Studies that include contemporary cohorts (born after 1990) and a categorical definition

of obesity risk.

There were ten studigs?8-34.38 3(See Table 2) that met these criteria and henceagsalu
prevalence (risk) of overweight as an outcome. Four stédiés38 3teported no association.
One of these studi&sinvolved asmall (n=71), highly selected sample. A secondlsmal
(n=313) study by Burdette et¥lreported no association between introduction of solids at <
4 months (assessed retrospectively when the children thweee years of age) and overweight
(BMI > 85" percentile) at five years of age. Reily eB¥dlso showed no association of solid

introduction (<1, 1-2, 2-3, 3-4, 4-6 months assessed when theschigere 6 months old)



with obesity (BMI > 95t percentie) at seven years of age in the large (n=77G8PAC
cohort, born in 1991/1992. In another comparatively older cohort born 1988-8igeHet
al?2estimated a statically significant but clinically neigaificant 0.1% reduction in risk of

overweight at 3-5 years for each month solids were delayed.

The six remaining studié®s33 all showed a positive association between early introduatib
solids (< 4 months of age) and obesity risk. Three repremget §ood quality cohort
studieg®30 but all use introduction of solids < 4 months as the exposunm of these high
quality studie®® 3%were based on analyses of the contemporary large (n>13,000)
representative UK Milennium Cohort study. Using a robust tiefniof overweight status
(IOTF cut offs for BMF) both reported a significant but small positive association (OR 1.12)
with early introduction of solids (<17.4 weeks [4 months] and < Zhsprat both threé€ and
five30 years of age. Both analyses were adjusted for a comprehenagige of covariates
including breastfeeding duration. Huh et&ldeport a strong effect of introduction of solids at
< 4 months compared to #months on prevalence of obesity (> 95t percentie) at three years
of age in formula fed infants (OR 6.3) but no effect in tsfawho received some
breastfeeding beyond 4 months. The three remaining studiesf lianited quality?-32 The
small Chinese case-control study (=81 pairs, age 3-6 ye@asijts an OR=11 (95%CI 2-22)
for obesity (not overweight) of solid introduction <4 months. Gurejaal3! report a small
(n=102 study of children retrospectively defined as ‘at risk of overweight’ based on rapid
weight gain (>8.5kg) from 0-2 years. In a simple uniariate comparison the mean age of
solid introduction (yes/no at 1,2,4, or 6 months clinic visits) aséhwho were at risk of
overweight (>88 percentile) or not at 6-8 years of age was 5 versus 6.5 montizch &t
al3?is the only study in this category to evaluate latoduction of solids and report that
introduction below the median age of five months relatvelelay unti 6 monthsvas
associated with a 30% increase in prevalence of overwdQft-(cut offs for BMF®) at 10
years of age in chidren born 1990-4. However, this studyad $n¥307) and limited by
bias related to the selection criteria of atopic famitony and loss to follow up of 50% of
participants who had much shorter duration of breastfeedings(38 weeks) and earlier
solid introduction (19 versus 20 weeks). A further major linaita of this study is that there

was no adjustment for maternal BMI.



Studies that enable evaluation of current guidelines by including a comparator group >

6 months of age

Seven studiggd 23 29. 33,39 4¢ompared outcomes of introduction from 3efsus > 6 months

of age. Five of these reported no significant associatidin atiesity riské!: 23.33.39.49ne of
these, a very large good quality sttflyepored no association based on a six age categories
ranging from < 1 to > 6 months. Another large, robust éfuslyowed no effect of
introduction at 0-3 vs 3-6 vs > 6 months on change in weighidight z-score. Two good
quality studie¥* 2° reported a positive association with later indicators of gbasit. Huh

et al?® examined the impact at 3 years of ageofifl introduction at <4 or >6 months

relative to the reference group of 4-5months in separatigsas of breastfed and formula fed
infants. They reported no association for breastfed infants trehd for increased risk (OR
3.6 95%CI 0.8-16.3, ns) @besity prevalence (> 95th percentile) in formula fed infants with
later solid introduction (> 6 months), although there were only 25 (9%) infants in this
category. They also showed a six-fold increase in obesitalpnee at 3 years associated
with early introduction (< 4 months) in formula fed but not biled infants. The second
study? involved a large representative sample, compared solid intimauat < 4 months, 4-
5 months and > 6 months and reported arelatively minor’ (0.1%) reduction in risk of
overweight (BMI > 85 percentile) at 3-5 years associated with each montly nela
introduction of solid22 Notwithstanding the strengths of this study, it did notistdpr
exclusive breastfeeding and the age of solid introductios asaessed retrospectively when

the chid was 3-5 years old.

Seach et a¥2report a positive association between prevalence of overwaighd years of
age and solid introduction in weeks treated as a continuaiigble. The authors conclude
that the adjusted OR of 0.9 per week translates to a 33% redurctisk of overweight with
delay of introduction from five (median introduction 20 wedks3ix months. There was no
effect of any or duration of exclusive breastfeeding. Thefisgnt limitations of this study,

including no adjustment for maternal BMI have been diszlisshove.

Evidence from randomised controlled trials

A single stud$! has examined the effect of timing of solid introduction on growth > 12
months using a randomised trial design. The prospectivebfrifliehtaetal?! sponsored by
a baby food company found no difference in weight, length or body céiopo@XA) at 12

months of age in 147 infants randomised to receive commerdi/ fbad or parentschoice

9



from either 3-4 or 6 months. Infants were exclusively foamigld from randomisation at 3
months of age. Breastfeeding prior to randomisation was retciusion criteria but

prevalence in the allocated groups was not reported.

Studies that consider the interaction between age of solid introduction and

breastfeeding or formula feeding.

In the small but very detailed DARLING stddy60 infants breastfed to 12 months (< 120
mis formula) were compared to 45 infants fully formula fed frorB months. At 18 months
of age no association was found in either group betweerytiof sold introduction (16-25
weeks vs > 26 weeks) and weight-length z scores or growth velocity. Seaali? and
Haschke et al’ report no evidence of interaction between exclusive tizedsg and the
age of sold introduction. Both studies give very little adeif the interaction analysis, have
small sample sizes and are potentially inadequately powakbdugh Schack-Nelson et

al28is alarger study they simply state that there wastemction but give no details.
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Discussion

None of the 26 studies included in this review explicitly piarspectively) evaluated obesity
risk of the current WHO recommendatién® commence complementary feeding at 6
months or older, whereby the effect of early introductionolidss (prior to 6 months) is
examined independént of exclusive breastfeeding to 6 months. Ten stétliég22 reported a
positive association. Of these only &#°were large good quality studies and both
examined the outcome of early (<4 months) sold introductioeneMf the four good quality
studied? 2°-39.44hat directly evaluated current guidelines provided evielesfcany clinically

relevant protective effect of solid introduction fromd 4ersus > 6 months of age.

Overal, the evidence suggests that very early inttatucof solids a4 months is
associated with increased obesity prevalence or risk, faticin infants born in the last
decade and who are formula fed. Onfyestudy? suggests that delaying solids introduction
from 5 to 6 months is associated with a significant reduationsk of overweight at 10 years
of age. However this small study is subject both to smle@nd retention bias and
uncontrolled confounding related to parent weight statugrallvthere is liitle evidence for a
protective effect against adverse weight status outcaseasciated with introducing solids at
4-6 months rather than at 6 months as recommended by the W¥HOvery recent
systematic review® and a more general 2012 reviévof selected studies reached a similar

conclusion.

M ethodological, ethical and practical challenges

This review highlights the heterogeneity and imprecisidmeasurements used. Firstly,
mterpretation and definitions of ‘starting solids’ and ‘breastfeeding’ are highly variable. Age
of solid introduction could be interpreted as the age at whielsgoon and/or solids are first
offered, even if intially rejected, through to the agat #olids are eaten daily and most
studies were not explicit. Compounding these definitiorales is the fact that most studies
assessed the age of introduction retrospectively, ofteradexears later. Only Heideger et.
al?2defined introduction explicitly (as eating daily) and thias assessed at 3-5 years of age.
Although most studies provided some level of adjustment fostigeding, the definitions of
breastfeeding are even more problematic. They inclidevery crude ‘never’ versus ‘ever’

or currently ‘any yes versus no’ or categorical or continuous definitions of duration in weeks

or months. This is further complicated by the potential neetistinguish between
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breastfeeding that is exclusive, fully or partialy suppleteg# with varying intakes of
formula or even solids. Only five studies attempted to adjustxclusive breastfeedify 32
34,37, 38yyt duration was < 4-5 months. Given the inextricable link in the currentiejines
between duration of exclusive breastfeeding and timing of eompitary feeding, this
represents a major limitation of the current evidenoeaddition to definitional problems, the
assessment of the age of any early feeding miestomnaoriths lacks precision. For example
introducing solids at four months could include ages from 16e#ksvand represents a 25%
variation. These issues are compounded by recal bias asdowiith retrospective

assessment of both breastfeeding and sold introduction exposure

The issue of reverse causality is particularly impoAah’Rapid weight gain and size at 6
months are important independent predictors of both future yistsitis and CVD risk
profie.#850 It is entirely plausible that babies that are bigger @vgmore rapidly are
perceived by their mothers to be, or indeed may actualy bedurand demand solids
earlier. Formula fed infants grow more rapidly and are @misee likely to be introduced to
solds earlier by mothers who themselves are likely to beggouress educated and to
smoke’- 47-51Few studies have adequately addressed interactions beheserfactors in
analyses. The study by Huh ek important as it showed a strong association between
weight status at three years with early introduct@rsolids (< 4 months) in infants who were
never breastfed or ceased breastfeeding before four months, ntbeisfp@f the rate of early
(0-4 months) weight gain. The same association was notirsé@n infants who continued
any breastfeeding beyond four months, who as a group had slolyeweight gain. Models
were adjusted for BMI of both parents. Effectively thisdgtaontrolled for the effect of
mothers$ responding to early weight gain by introducing solids eany any interaction

between cessation of breastfeeding and early sold introductio

A further limitation of the evidence base is the starmf good quality prospective studies
that examine important behavioural outcomes of not justirtiteg but also the process of
complementary feeding such as texture tolerance, developmhdotd preferences and
dietary variety. For example there is growing interesthanprocess of baby-led weaning that
promotes introduction of complementary feeding at six monthalldwing the infant to self-
feed family foods rather than being spoon-fed purees. Although lyyotighly variable in
implementation, baby-led weaning is postulated to enhanciefdhé capacity to self-

regulate intake and acceptance of a wider variety ofstasig textures. However, there are
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very few studies that have examined outcomes such af agéd introduction, duration of
breastfeeding, weight status, dietary variety and nutaticadequac$? Increasingly,

evidence points to the influence of the early feedingr@amvient on the development of
eating behaviours and dietary intake patterns that ékerarly chidhood and beyond and
are potentially associated with obesity fi8k>4Studies that examine the associations of the
‘what and how’ in addition to the ‘when’ of complementary feeding with outcomes that

extend beyond weight status to include those relevant tadonghealthy eating patterns and

chronic disease risk are needed.

The very small number of randomised trials and purpose-ddsignospective studies point
to the ethical dilemmas and practical design issues atsbeidh answering the research
questions addressed by this review. It is difficult to prospdgtievaluate guidelines via an
RCT design as this requires a comparator group that does ngoly omith the guidelines.
Even if ethical approval to randomise infants already inteduto formula (and thus not
exclusively breastfed) to introduction of solids at 4 versuolths was achieved, the
heterogeneity of mothers and infants and the complexaatitee and bidirectional nature of
the infant feeding dynamic would present design, sampeasid analytical challenges. In
addttion, there are pragmatic issues related to mothers mj ychidren as participants.
Mothers juggle increasingly complex family and work commitsein the context of
variable maternity leave and chid care arrangementissigpports. Acceptable consent and
retention rates, selection bias towards better educatedpadimipants and complete data
colection are major chalengé3.The large, intense, long term studies required to provide
guality evidence to guide infant feeding recommendationsepresnsiderable ethical,

feasibility and funding challenges.

Conclusion

The evidence regarding the association of early soliddittion with later obesity risk is
effectively limited to cohort studies with extensive moeklogical limitations. A key issue is
that very few studies effectively consider the intboaic between exclusive breastfeeding and
age of sold introduction. The majority of studies showed sodetion and these include the
only RCT and five large quality studies with robust catariadjustment. There is some
evidence from two large good quality studies for increaseditpbisk associated with very
early introduction (< 4 months). A third good qualty study cosf this association in

formula fed but not breastfed infants. None of the four goodyquiiidies that directly
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evaluated current guidelines provide evidence of angallii relevant protective effect of
delaying solid introduction from 440 > 6 months of age. Overall the introduction of solids
prior to 4 months may result in increased risk of chidhood gbbsit there is little evidence
of adverse weight status outcomes associated with intraglusnlids at 4-6 rather than at 6

months.

The age of introduction of solids is an area of interest cantroversy, at least in part due to
the interaction with exclusive breastfeeding recommémagatand the large and persistent
gap between policy and practice. The poltical, policy and peaetnphasis on exclusive
breastfeeding has selectively narrowed the infant feedisgarch agenda. There is no doubt
that in developed countries breastfeeding intiation andicluraeed improving, but this
should not be at the expense of research and promotion afcsatigf timing and process of
complementary feeding. Furthermore, albeit perhaps unmtexily, the wording of the
current WHO guidelines (at 6 months [180 days] of ®gencourages age- rather than cue-
related introduction of solids. As with other chid developmeiestones, there is individual
physiological and developmental variability that influences the ‘right’ time to commence
complementary feeding for an individual infant. Itis lkehat mothers would value and
beneft from evidence-based information around recognisingingerpreting signs of
developmental readiness for complementary feeding. Therdeiaraneed for more and
better evidence to inform guidelines on the when, whathandof complementary feeding.
However, rigid interpretation of current guidelines andcpsli contributes to the significant

ethical, methodological and feasibility challenges associatidbuilding this evidence base.
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Table 1 Summary of studies published after 1990 examining association betweemagelwction to solid foods and obesity risk bey ond 12 months of age

Study N Born | Age M easurement of Categorical Adjusted BF - Adjusted Assessment age | Adjustment 1 Interaction | Significant finding
after | followup [exposure: Age solids definition Measurement Exclusive BF solids, BF maternal BF and age| (based on adjusted
1990 < 4 months(mths) overweight/ education,BMI, |solids analyses)
obesity risk smoking, SES
Mehta 147 |V 12 mths [V x weight g, NA Exclusively Concurrent- 3- v’ maternal x No
1998 3-4 vs 6 mths length cms, % | RCT design formula fed from| monthly contact | education, BM}+
fat mass randomisation at no group
3 mths difference
SES, smoking ng
considered
Sloan 2008 [210 [v 14 mths [V x(z scores) Continuous -weekq x Retrospective v x Yes
<4 vs> 4 mths 10-18 mths x BMI Solids <4 vs > 4 mths
14 mth wt z score 0.4 vs -
0.1
Wt gain z score 2-14 mthg
0.2vs 0.3
Heinig 1993° [ 105 |[x 18 mths |x x(z scores) NA x Concurrent- NA BF FF No
BF infants - Either BF (no monthly contact | FF matched to |analysed
16-25w vs >26wks formula) or FF BF for separately
FF infants- wks (from 3 mths) to> demographics
12 mths x BMI
Morgan 680 [V 18 mths [V x Predominantly BF | “predominantly | Concurrent - 6,14 v/ x No
2004° < 12 wks vs > 12 wks Weight kg, vs formula in is 6 | BF for at least 26 wks xBMI Considered size at 12 wkg
length cm weeks 6wks”
Forsyth 1993’ 392 [« 24 mths [v x (z scores) | Categorical x Concurrent- v x No
<8vs8-12 vs > 12 wks EBF or full or monthly contact | xBMI but
mixed >13 wks maternal height
Grote 687 |V 24 mths [V x(zscores) |NA NA Concurrent v NA No
20112 4 categories: <13wks; All fully formula- Monthly 3d
14-17wks;18-21wks; fed from 8 weeks records
>22wks
Durmus 584 |V 2yrs v x Categorical x Retrospective- | v x No
2012 3 categories:<4mths; 4-| X skin fold BF: never; <4mths Questionnaire at | Comprehensive
5mths; >5mths thicknesses 2-4 > 4mths 6mths adjustment
Introduction fruit, sites
vegetables only
Haschke 319/ (v 2and 3 v x (z-scores) [ Continuous - EBF to4-5 Concurrent- Education only |v No
20007 185 yrs < 4 vs > 4-5 mths months months monthly contact | mid parental Not
BF infants only comparator grou height significant
1-24 or 1-
36 months
Hawkins 13,18[v 3yrs v v Categorical never | % Retrospective 9 [V x Yes
2009° 8 <174 vs>17.4 wks IOTF vs <17.4 vs > 17.4 mths age Comprehensive OR 1.12
overweight wks adjustment
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Study N Born | Age M easurement of Categorical Adjusted BF - Adjusted Assessment age | Adjustment 1 Interaction | Significant finding
after | followup [exposure: Age solids definition Measurement Exclusive BF solids, BF maternal BF and age| (based on adjusted
1990 < 4 months(mths) overwei ght/ education,BMI, | solids analyses)
obesity risk smoking, SES
Griffiths 10,53|v 3yrs v x Categorical Ever | x Retrospective 9 | v x No
2009 3 <17.4 vs>17.4 wks conditional wt [ BF—Y/N mths age
gain zscore |<4vs>4mths
Hedigef 2865 |1988-| 3-5yrs <4, 4-6, >6 mths v Categories x Retrospective 3-5| v/ x Yes
94 (first fed solids daily) | Percentile 88- | never yrs age Adj OR 0.9994 each month
94" >95th full BF <2, 3-5, 6- delayed- clinically ns
8, >9 mths
Huh 201%%° 847 [v 3yrs 4 4 NA x Concurrent 6 4 BF FF No BF infants
< 4 vs 45 vs >6mths > 95" oile BF any > 4mths mths age No smoking analysed |Yes FFinfants
(obesity) FF never/stopped Change inwvt-age| separately | <4 mths OR 6.3; >6 mths OR 3.6
BF <4mths z score 0-4 mths relative to 4-5mths
Wt —age z score 9% (n=25) FF infants solids >6
0-4 mths mths
Van Rossem | 3184 |v 45mths v x Yes/No at 2mths | Retrospective 12 | v/ x No
2012+ 0-3mths; 3-6mths; AWFH z- score months,
>6mths categorical
response options
Kuperberg 71 v 4yrs v v EBF > 3mths v Concurrent home| Unclear x No
2006% <4 vs>4 mths BMI>85" Partial < 3mths visits 3and 48 | vBMI
%ile EBF mths age
Excl FF 0-3 mths
Zive 1997% [331 |[«x 4yrs Continuous mths x Continuous mths | x Retrospective4 [v x No
¥ skin fold yrs age
thicknesses 2
sites
Robinson 569 |v 4yrs v x 6 categories any B Concurrent- 6 No SES x No
2009° 4 categories Fat, lean mass| 0, <1, 1-3, 4-6, 7- and 12 mths age
Up to 3,4,5, >5 mths (kg) 11,>12 mths
Burdette 313 |V 5yrs v v 4 different v Retrospective3 | v x No
2006 Solids<4 and sweetened BMI> 85" approaches to EBF to 4mths yrs age
beverages < 6 months v| %ile categorisation-
other Fat, lean mass| never/ever;
(kg); % fat duration, mix BF
and solids
Griffiths 11,65|v 5yrs v x Categorical x Retrospective 9 | v x No
2010° 3 <17.4 vs>17.4 wks Conditional wt [ < 17.4 vs> 17.4 mths age
gain wks
Brophy 2008°| 13,74V 5yrs v v Not included x Retrospective 9 [V x Yes
5 <3 vs>3mths IOTF mths age Adj OR 1.2 (1.02-1.5)
obesity
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Study N Born | Age M easurement of Categorical Adjusted BF - Adjusted Assessment age | Adjustment 1 Interaction | Significant finding
after | followup [exposure: Age solids definition Measurement Exclusive BF solids, BF maternal BF and age| (based on adjusted
1990 < 4 months(mths) overwei ght/ education,BMI, | solids analyses)
obesity risk smoking, SES
Zhou 162 |V 3-6 yrs <4 vs 4-6 mths v No-p>0.1 x Retrospective 3-6| No x Yes <4mths OR 10.1(2.4-33)
201P% >6 vs 4-6 mths IOTF univariate analysis yrs, verified BW No >6 mths OR 3.9(0.6-26)
(case control) obesity health record p=0.29
Reilly 2005° |7758 |v 7yrs v vBMI> 95" | Never, EBF vs x? Concurrent- 6 No BMI x No
6 categories <1, 1-2, 2- | %ile stopped or non- mths rapid early
3,3-4, 4-6, > 6mths EBF at 2 months growth, wt z
score 8, 18 mths
wt gain 0-12
mths
Wilson 1998° [ 412 |x 7yrs v x EBF > 15wks, v Concurrent- xeducationor | x Yes
<15vs>15 wks % fat partial BF before monthly contact | BMI <15 vs>15 wks
Continuous 15 wks; Maternal ht Wt z score
formula only— Wt first solid 0.02 vs-0.09
yes/no feed % Fat
18.5 % vs 16.5%
No effect BMI
Gungor, 2018[102 [v 6-8yrs x continuous vBMI> 85" [Duration any mths| x Retrospective x x No
81 months Yile BF with no formula review records Children with rapid early weight
> 6 mths well baby visits gain who werenot ow at 6-8
1,2,4,6,9 mths years of age had later solid
introduction
Seach 20157307 [v 10yrs x continuous wks v IOTF Duration EBF and | v/ Concurrent, v xBMI, v Yes
overweight any BF wks monthly phone | BW, child care |ns OR 0.9(0.85-0.96)/week
calls
Garden 2017 | 616 |V 11.5y v BMI Duration x Concurrent v x No
Yes/no at 3 months trajectories O- [ Any - 0-3; >3-<6; Interviews at 3, 6 | Parent BM| at
< 3 mthsvs >3 mths 11.5yrs >6 mths mths age 8 years
Schack- 1546 | x 42yrs % continuous mths BMI>25; > Duration any mths| % Retrospective v v Yes ‘firm food” but not ‘spoon
Neilson Introduction - spoon 30kg/nt 12 mths ns feeding’ at 42 yrs;neither at 13
2010 feeding; firm food Self-reported previous ages OR 0.92
height and
weight

Adapted in part from Moorcroft 2018not included in Moorcroft 2010; N number participantdle% percentile; IOTF International Obesity Task Force st @ef); NA
not applicable given design or analytical approasmat significant; adjOR adjusted odds ratios; yrs yemitss months, wks weeks
L well established maternal determinants of both brezditfg and age solid introductidn®, variables were evaluated for inclusion in modelsniy not have been

included; BMI- could be self report, pre pregnancy; SES - Socioeconstaius may include income or other relevant measugesocial class; Smoking may refer to
smoking during pregnancy and/or smoking near child ¢uerent smoker) and/or number of people smoking in holgehincluded as RCT
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