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Does the early introduction of solids promote obesity?

Brian Symon*?, mp, mees, Georgina E Crichton?, php, Beverly Muhlhausler?, php

ABSTRACT Childhood obesity is a major public health challenge across the developed world, and it is vital to understand
the modifiable factors that contribute to it. The influence of early-life nutrition on predisposition to later obesity and
metabolic disease is now well established. Much research has concentrated on the preventative effects of breastfeeding
in relation to childhood obesity risk, but the optimal timing of introducing solid foods has received far less attention.
This remains a much-debated and contentious issue, and differing guidelines from international bodies have caused
confusion among parents. There is no conclusive evidence from current research that introducing solids before six
months of age is associated with an increased risk of obesity in infancy or childhood. Current studies suggest that the
most clearly established risk factor for childhood obesity is maternal body mass index. There is a need for continued

research in this area.
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INTRODUCTION
Childhood obesity is one of the greatest public health issues
globally, with an estimated 42 million children under the age
of five years being overweight."” Approximately one in four
Australian children is overweight or obese.”’ Most of these
children remain overweight or obese into adulthood,”® and are
therefore at increased risk for adverse health consequences, such
as cardiovascular diseases and diabetes mellitus.®

Both animal and human epidemiological and clinical
studies have provided compelling evidence that the nutritional
environment before birth and in early infancy is an important
determinant of metabolic health later in life.>® In particular,
individuals who are exposed to an inappropriately high or
inappropriately low nutrient supply during fetal or early postnatal
life have an increased risk of later obesity and diabetes mellitus as
children and adults.® In this context, there has been considerable
interest in establishing nutritional practices for the early infant
period that can promote optimal metabolic health in later life.

As the timing of introducing solids is arguably one of the
most readily modifiable aspects of infant nutrition, establishing
evidence-based guidelines on the optimal timing of introducing
solids to achieve later metabolic health has the potential to
significantly impact the health of future generations. The World
Health Organization (WHO) currently recommends exclusive
breastfeeding for six months, followed by the gradual introduction
of “nutritionally-adequate and safe complementary foods” in
conjunction with the maintenance of breastfeeding for up to
two years or beyond.” However, the WHO recommendations
have been challenged by more recent studies that suggest that
the optimal timing of introducing solids is likely to be earlier,
at least in relation to the avoidance of allergy. The new data
has led to the introduction of recommendations by a number
of international health agencies that the optimal timing of
introducing solids is between four and six months of age. Indeed,
population-based surveys in the United States, Australia and

Denmark have consistently indicated that the large majority of
parents are introducing solids before six months,®'" with some
Australian data suggesting that up to 93% of infants have been
given solids before six months."

One of the concerns that have been raised in relation to
the early (i.e. before six months) introduction of solids is that
this practice increases the risk of the infant going on to become
overweight or obese in childhood and adult life. This review will
discuss some of the current (published) evidence surrounding the
relationship between the timing of introducing solids and later
obesity risk, and the research gaps that still exist in this area. We
also include a commentary based on the clinical experience
of the lead author, including preliminary data from a survey of
children in whom solids were introduced well before the current
recommended time (many before four months of age).

CURRENT RECOMMENDATIONS

The optimal timing for introducing solid foods to an infant’s diet
remains controversial and a topic of considerable interest among
health professionals, researchers and the community. The WHO
guidelines continue to recommend exclusive breastfeeding for the
first six months of life to “achieve optimal growth, development
and health”.” These guidelines clearly define ‘exclusive’ as
meaning that they are fed no other food or drink. The infant
feeding guidelines released by the National Health and Medical
Research Council of Australia in 2012 recommended that solids
be introduced at “around six months of age”."?

The debate around the optimal time to introduce
complementary foods has centred largely on the impact that
this would have on later allergy risk. It was initially believed
that delaying the introduction of specific food types (e.g. nuts,
egg and wheat) could reduce the risk of allergic disease later
in life." A number of prominent studies have now shown
that delaying the introduction of allergenic foods increases the
incidence of allergies."*'® The Learning Early about Peanut
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Allergy trial conducted in the United Kingdom demonstrated
that early introduction (4-11 months) and sustained intake (until
60 months) of peanut protein significantly decreased the risk of
peanut allergy in children who were medically defined as being
at a high risk of peanut allergy."” Peanut avoidance in infancy
was also associated with a higher frequency of clinical allergy.

Other infant feeding guidelines from international
organisations in the United States and Europe differ from those
of the WHO, recommending the introduction of solid foods from
the age of four to six months."®'” For instance, the European
Society for Paediatric Gastroenterology, Hepatology and
Nutrition (ESPGHAN) Committee on Nutrition recommends that
“complementary feeding (i.e. solid foods and liquids other than
breast milk or infant formula and follow-on formula) should not
be introduced before 17 weeks and not later than 26 weeks”."Y
Recommendations from the Australasian Society of Clinical
Immunology and Allergy and ESPGHAN state that there is no
convincing scientific evidence to support previous advice to avoid
or delay the introduction of potentially allergenic foods, such as
eggs, peanuts and fish, to prevent allergies."®?® The American
Academy of Pediatrics recommends no introduction of foods other
than breast milk or formula before four months of age, and no
introduction of sweetened beverages before six months of age.?'??
We were unable to find evidence in the published literature of
the risks involved if solids are introduced before four months,
although this practice is commonly discouraged.

EARLY INTRODUCTION OF SOLIDS AND
OBESITY RISK: CURRENT EVIDENCE

One argument raised by health professionals is that earlier
introduction of solids (i.e. before six months) is associated with
an increased risk of the child becoming overweight or obese.
This argument is based on a number of epidemiological studies,
which suggest that infants who are started on solids before
the recommended six months have a higher risk of obesity
compared to those who commence solids at or after six months
of age.?*2% However, these results are far from universal, with
other studies finding no association between the timing of
introducing solids and measures of overweight or obesity later
in childhood.?”=" These studies (Table I) represent a small part
of this literature.

Three more comprehensive reviews that examined the
timing of the introduction of solids and obesity risk were recently
conducted.®*** Moorcroft et al,*¥ who included 24 studies and
data from over 34,000 infants/children, concluded that there
was no clear association between the age of introduction of
solids and obesity. The other two reviews also concluded that
there is no clear evidence showing an association between
the introduction of complementary feeding between four and
six months of age and childhood obesity, although they noted
that introducing solids prior to four months may result in an
increased risk of children becoming overweight.¢**¥ However,
this conclusion in the latter two reviews was based on a very
small number of studies. There are a number of factors that
may contribute to the disparate findings. These include the lack
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of control for potentially important confounders, small sample
sizes resulting in a lack of power, and reliance on retrospective
recall for outcome measures, which affects internal validity.
Potentially important confounders are not always identified and
included in analyses, including method of milk feeding, child’s
birth weight, sociodemographic factors and important maternal
factors such as body mass index (BMI), as well as which foods
were introduced (and at what volumes). Also, overweight and
obese women are less likely to initiate breastfeeding and, if
initiated, will breastfeed for shorter durations than normal-weight
women.®>3% Many studies on infant and child weight have failed
to control for maternal BMI in studies that examine the duration
of breastfeeding®=% or timing of introducing solids.?>2% Thus,
there is currently a lack of robust evidence that the introduction
of solids before six months of age increases an individual’s
subsequent risk of overweight or obesity.

CLINICAL PERSPECTIVE: SOLIDS

BEFORE FOUR MONTHS OF AGE

The lead author of this article encourages the introduction of
solid foods into the infant diet (in conjunction with continued
breastfeeding, where possible) well before the recommended
six months of age, usually by 10-12 weeks. This practice is
part of an integrated care plan that has been demonstrated, in a
randomised controlled trial, to improve sleep duration in infants
and breastfeeding duration in mothers.“? Despite these positive
outcomes, however, there is reluctance on the part of other health
professionals to adopt the practice of introducing solids ahead of
current recommendations. While the reason for this is unclear,
it appears to centre largely on the perceived negative effects
on infant health, in particular the risk of early excess nutrition
promoting fat deposition and increasing later obesity risk. While
this is a legitimate concern in the context of the current obesity
epidemic, as outlined above, there is currently limited evidence
that this concern is warranted.

In order to investigate this further, we undertook a review of
a group of 61 children who had attended the principal author’s
clinic between 2002 and 2008, and who had commenced solids
before four months of age, to examine any association between
the timing of solids being introduced and BMI in childhood. We
focused specifically on infants with a body weight greater than
the 90th percentile at the time of their final clinic appointment
(at approximately three months of age), determined using the
infant growth charts provided by the United States Centers
for Disease Control and Prevention.“V If excess infant weight
gain is associated with heightened risk of obesity later in life,
this group of infants may be expected to represent those at the
greatest risk of obesity in childhood. The study was approved
by the Human Research Ethics Committee of the University of
Adelaide, Australia.

Our preliminary findings suggest that the age of introduction
of solids (age range 4-28 weeks) was unrelated to the child’s BMI
percentile or BMI z-score at follow-up (age range 3-11 years).
The only factors that emerged as significant predictors of BMI
percentile at follow-up were parental anthropometrics, with



IReview Article

(~p3u09)

UK g @8e e (1y G°0T >)
uoljelnp daa|s 310ys ‘ysiom
yig A 3sa1y Ul ures 1ysiom
94K ¢ 88e 1e SUIMBIA AL M
/1y 8 < ‘A1Isaqo |ejuaied
Suipn|oul Ysi A31S8g0 ym
Po1eID0SSE SI0J0R) YSII @ o
95900 alom
sjuated yjoq uasym Jaysiy
SeM YSlI pue pasea.dul
1A ) 93e je A11S9q0 JO YSli

suJenred Aselsip ‘yiw Og
a8e 1e awi} SuIMaIA AL pue
des|s Jo sunoy ‘A}saqo
|ejuaded ‘ujows |eulayew
‘yS1em yiaiq ‘exeiul ASusus

AjIseqo pue
(sjuswaudul yaw-g ul) Suipas)
Arejuswa|dwod Jo uol3onpoljul

Apms

‘Juaied 9S8O BUO Y}IM o ‘uoljeadnpa |euJdajew ‘Uspusy) papinoid JoN J0 93e usamiaq diysuolje|al oN veC‘8 Ky |eulpniSuo] UoAY MN ‘S00T 6o)IB 3@ Aj|19Y
(Im 0t <)
49 Jo suoljeinp J4a3uoj e uied
|INg Aoueu8aud 1y81em 8sealdul J0U pIp SPI|0S
-a4d |eusarew ‘ysiem yiiiq JO uolonpoJlul Jo Sulwl] .
uies ySiem juejul pasealdul ‘Jopuag ‘Supjows [eutayew ure8 jy8iem juejul Jayeald
UM pajeloosse sem |Ag ‘uoljeysasd Jo uonelnp ‘ured YlIM PajeIdoSSe SBM YM 9T 140yoQ yuig ylewuaq
Aoueu8aud-aid |eusarew JaysiH  ySiem |euolelsas ‘Aysediwiid NMGTFLIT > JB SPI|OS JO UOIIdNPOoJIU| 89/°‘c yjw gT |euolleN ysiueqg ‘700¢C (co)|B 19 Joxyeg
yiw 9
a8e Aue 1e dnoug Je 89S0y} pue Yyiw H—¢ 1e spljos
a1e| yum pasedwod dnoug Ajies po1Je}s oym asoyl usamiaq yiw ¢t (1oY)
ul sjuejul SUOWE JUBIBHIP JA T @8e 1e uonsodwod Apoq Yiw 9 |e1l} pa||0J3uod
JoU sem axelul A3isus [ej0L 104 VN 104 VN Ul 9dusliajjlp ou pamoys vxd SoT Yuwe pasiwopuey SN ‘866T (‘I8 32 BIYSIN
[INg Ul 8dUBIalJIp OU HM GT 2
1e palIe}s Oym asoyl ueyl
ssau||l Aiojedidsal ul uolonpal (3ey Apoq a3ejusosad 1y81em pue ey Apoq a8ejusdiad
1UedJIUSIS YlIM pajeldosse 10J) pea} pI|os 1sd1) 1e 1y3iom SjuejUl JO %t/ 19y31y pey ym GT > je Apn1s Suipesy
SEM XM GT 104 49 SAISN|OX] ‘WYS19M y1ig Japusn 104 M GT > SP1|Os palJiels oym sjueju| 1741 Kz, jueju| @9puUNd MM ‘866T (sr)‘I® 39 UOS|IM
o98e Jo JA g 1o
Siljew.ap ‘9zeaym JA T 3e J0U InQ ‘e8e Jo Yjw 9 Je
‘ssau||l |eulsajulollses 1ySiem yuiq ‘ysiey jeusarew NM ZT < e SpIjos 0} padnpoUiul
0} pajelal J0U SBM SPI|OS  ‘SSB|D |B120S S Jayle) ‘Sunjows SJuBJUI JO %GBl  ©SOU] UBY] JSIABSY SIOM )M CT 5 Apnis Suipas4 N
40 uoljonpoujul Ajueg |ejuaued ‘Ayjued s dsyloN I0J )M CT 5 Je SpI|0S PalIe}s Oym sjueju| T29 kg 1uejU| @9pUNQ ‘C66T (on)‘[€ 10 YlAsio4
sainseaw sjuejul
Kj1sodipe pooyp|iyd ul 9dueLIeA so|qelteA Sulpea)  uedlIBWY-0|Suy (ssauyo1y3 p|ojuIys jo
Jo uonpiodoud 3s88ue| sy} -juejul ‘sainsesw [ealsAyd 104 (shoq) wns ‘|Ng) sednseaw Ajsodipe uollnu pue
paule|dxa SSauxdIyl p|ojuIys |euJdalew ‘solisiialoeleyd yiw Q°G pue pue spl|os JO uol3onpoJlul KA s, uaip|iyd
JO wins pue |Ng [eusalen PI1y2 pue d1ydessowaq (SM18) yyw 2 U99M33( UOIJeIo0SSE ON T€€ IRy Jo Apms SN ‘T66T e[ 18 8AIZ
spijos Sunueys uaJpjiyo dn-mojjo}
s3uipuly Aiepuodas siapunojuo)d je aSe ues|\ sSuipui4 Jo "ON je asy uSisep Apmis A1yunod ‘A “oyiny

*SaW093IN0 A}IS3aO P|IYd J0 JuejUl PUE SPI|OS JO UOIIDNPO.IUL Y} Paulwexa Jey) salpnis Jo Alewwns °| ajqeL

628



IReview Article

S9]11S PajiuN SN ‘WopSuly pajiun YN fUoISIAG|} iAL B|gedljdde jou :yN ‘A1jewolidiosqe Ael-x ABiaus-lenp yXQ xapul ssew Apoq :||Ng ‘Bulpasjisealq 49

fsaqo pooyp|iyd
pue 49 jJo uoieinp

(Yrw93)

ale| pue (Yiw 7 >) AjlJes spljos 01

pa2NpPoJIUl BI9M OYM UBIP|IYD

U99M1aQ UOIJBID0SSe ON » yiw 9 40 sdnou8 ay3 usamiaq Ayisaqo
[ING |euJSIBW SBM P[IYD JO 10} 49 9AISN[OXd pue 1ySiemuiano Jo aousjenaid Apnis Koxan)
|ING jo Jojoipaud 3se8uoils . paisl| 10N peyYy %T 61 Ul seoualayip Juedlyiusis oN 066 K yT-C |BUOI}D8S-SSOID)  “‘UTOT (0e)'|E 3@ N|Sodeysp
K11s8q0 JO Sppo
Ul 8SB8IdUl P[OJ-XIS B YIM
pa}elo0sse sem YW {7 81o4aq
Sjuejul SPI|OS :SJUBJUI PJ-B|NWIOH
1A ¢ 93e je sjuejul pay ymou3 pJiyo Apes ‘Ay1o1uyie paj-e|nw.oy jo Aysaqo
-e|nw.oy 4o 4g Suowe A}1seqo ‘Jopuag ‘@8e p|Iyd ‘|INg %EE 10} pue JO SPPO Y}Im pajeloosse jou
Y3IM pajeId0OSSEe J0U Sem Yiw 9 Jeusayed ‘|Ng Aoueu8aid-aid sjuejul 49 jo SeM SpPI|OS JO UOoI3doNPoIIUl
J8}je spljos JO uolldonpoiul ‘awodul ‘uoijeanps |eutsle|y %8 404 YW 7 > Jo Sulwn tsyuejul 49 . L8 ke BAIA 303[01d SN ‘TTOT @en'[® 38 UnH
959q0/1y31amiano
%6T M ¢ < SPI|OS pajiels -
K11s8g0/1y81omiano 9590/0/1y319M I8N0
YHM pajeloosse sem %GE M OC > SP!|Os pajiels -
Supjows |ejualed |ejeusiuy . 95970
snjels 3ysiom 49 ‘1y81em yidiq ‘@duepusiie /3y81amuano 8ulaq Jo sppo
YlIM PaJeId0SSE JoU Sem 4g 21e2p|1yd ‘Bupjows |ejuaied paonpaJ Yjim paje|oosse sem Apnis 110yo9 eljeJisny
Aue/anisnjoxs jo uonedng - ‘SNJe}S JlWOoU0I90100S MM €% F0°0C SPIIOS JO UOIlONPOIIUl pakelag 10€ K0T Adojy suinoqa|y ‘0T0T (s0)‘[® 3@ Yyoeas
ySiem
y1diq A&ylanjewsud ‘sniels sjuejUl
pooyjnpe Jayjow-a|3uis ‘uoieanpa JO %9t 10} Yaw
10 POOYP|IY2 J483e| Ul PaAISSqo ‘sse[o |e1o0s ‘Sunjows 7  ‘sjuejul Jo
SeM 108}48 ou Inq ‘UA T o8e ‘ure jySiem |euolreises  9%/T J0j Ylw € > pooyi|npe ul 3yS1omIano Jo
1€ ||Ng JoMO| YIIM pajeloosse ‘|IINg Aoueu8aid-aid ‘yraiq  {(8uipasj-uoods) )SIJ pue [Ng pasealoul yiw 9-g 140YyoD [ejeuliad ylewusq ‘0T0T
Sem 4g jo uoljeanp Ja8uo e a8e [eulajew ‘Uopusyn) JIWGTF8E wioJ} SPI|OS JO UOI3dNPOJIU| SOE‘T Kz uaeyuado) (vo)‘ B 3@ UBS|SIN-YoBYDS
a1ed
PI1Y2 jo uoljeldiul jo ase ‘|Ng Apms
8J1| Jo Jeah 3suly Sunnp uied ‘sniels |ejlew ‘quswAhojdwe uied ysiem jeuipny8uo]
1yS1om aiow YIm pajeloosse ‘uollednpa |euJalew ‘|ans| 10J 10108} ¥SLl e sem (YlW {7 >) pooyp|iyo Ajre3
2JaM S1030B) 8JeD PIIYD  Apienod ‘Ajoluyie epussd ‘e8y papinoid JoN SpI|OS jo uol3onpo.iul Ajie3 0ST‘8 yiw 6 ‘[euol3098s-sso1) SN ‘800T en'le 32 Wi
Sjuejul JO IKg
ssew A3121Uy3e ‘solydes8owapoldos %8 10J YW 9 < a8e je Aj1sodipe yiim pajeloosse
18} U}IM Pajeloosse Jou Sem ‘A31s2q0 |euJareWw ‘QySiom fSjuejUl JO J0U SEM (YW {7 J814e 10 a104aq Apnis 310402 sn
49 Aue/anisnjoxs jo uonedng  Yidiq Uspual ‘ssew Apoq ues]  9%0G 40} YW {7 < paonpoJiul) Sp1jos pamoys yxd e€Te Ik g aA130adsold ‘9002 (o)'|e 32 91189pIng
spijos Suijiels uaipjiys dn-mojjo}
sSuipuyy A1epuodas slapunojuo) je aSe ueap\ sSuipui4 Jo "oN je 98y usSisap Apnis Aa3unod A “aoyiny

629



IReview Article

significant positive relationships between both maternal BMI
(r = 0.34; p = 0.009) and paternal BMI (r = 0.44; p < 0.001).
These predictors remained highly significant in the multivariate
model (statistically adjusted for gender, age, birth weight,
maternal education, parental smoking and breastfeeding
duration; p < 0.0001 for both maternal and paternal BMI).

TYPES OF SOLIDS INTRODUCED AS

FIRST FOODS

The content of early solids undoubtedly varies in people from
different countries, cultures and socioeconomic status. For
example, the first foods given in the United States and Australia
are usually infant cereal, and pureed fruit and vegetables. The
Chinese prefer to give gruel boiled with pork bones, and in
Singapore, many parents give rice gruel with powdered anchovy.
Unfortunately, very few of the reviewed studies specifically
measured or described the type of solid foods that were given as
first foods. The exception to this was a study by Schack-Nielsen
et al,*¥ who reported the risk of overweight at age 42 years
according to the age of introduction of spoon-feeding (infant
cereal), vegetables, egg, meat and firm food (considered to be
soaked bread and biscuits). Other studies stated the types of foods
that were considered as ‘complementary or solid foods’ but did
not relate these foods directly to the outcome measure.?74243
While examining the type of foods first introduced, as well as
their relative energy values, was not an aim of this review, it
must certainly be acknowledged as a relevant factor that is of
importance for future research.

CONCLUSION

The interplay between rate of growth, feeding methods, parental
weight status and socioeconomics in determining an individual’s
risk of becoming overweight or obese is undoubtedly complex.
However, there is currently no robust evidence that introducing
solids before six months of age has any appreciable impact on
the risk of overweight and obesity in childhood. Research now
indicates that the early introduction of solids should be promoted
for health reasons and not simply to ‘feed a hungry baby’. The
most compelling evidence for this would appear to be related
to allergy prevention. As the prevalence of early introduction of
solids is likely to increase as awareness of the allergen protection
that it provides grows, it is important to better understand whether
there are any potential negative long-term consequences to such
a practice.

This review highlights the limited data currently available in
this area, and the need for well-designed randomised controlled
trials to establish the effects of early introduction of solids on child
and adult health, and in particular, metabolic health and future
allergy risk. In addition, as noted by recent reviews in the field, ¥
there is a need to consider the quality and quantity of foods that
are introduced. Clinical studies that prospectively follow up with
individuals through infancy and childhood are needed to more
fully evaluate the effects of early introduction of solid foods on
weight gain and other health outcomes later in life.
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