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Abstract

Excess or rapid weight gain during the first 2 years of life is associated with an increased risk of
later childhood and adult overweight and obesity. When compared with breastfed infants, for-
mula fed infants are more likely to experience excess or rapid weight gain, and this increased risk
in formula fed infant populations may be due to a number of different mechanisms. These mech-
anisms include the nutrient composition of the formula and the way formula is prepared and pro-
vided to infants. This systematic literature review examines the association between formula
feeding practice and excess or rapid weight gain. This review explores these different mecha-
nisms and provides practical recommendations for best practice formula feeding to reduce rapid
weight gain. Eighteen studies are included in this review. The findings are complicated by the
challenges in study design and accuracy of measurements. Nevertheless, there are some potential
recommendations for best practice formula feeding that may reduce excess or rapid weight gain,
such as providing formula with lower protein content, not adding cereals into bottles, not putting
a baby to bed with a bottle, and not overfeeding formula. Although further well designed studies

are required before more firm recommendations can be made.
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1 | INTRODUCTION

Rapid or excess weight gain (RWG)! in infancy is associated with higher
risk of being overweight or obese in childhood (Baird et al., 2005;
Koletzko, von Kries, Monasterolo, 2009; Monteiro & Victora, 2005;
Zheng et al., 2017). In a comprehensive systematic review comprising
282 studies examining modifiable risk factors for childhood obesity
(from the antenatal period until 2 years of age), RWG was one of the
more consistent risk factors of overweight or obesity in later childhood
with 45 out of 46 included studies finding a positive association (Woo
Baidal et al., 2016). Another literature review and meta-analysis on
RWG and subsequent obesity, including 17 studies (meta-analysis
based on 14 of the included studies), found that, for those infants

1A widely agreed on definition of rapid weight gain is a change in weight for age
Z score > 0.67 (Goodell et al., 2009; Ong et al., 2000) although studies measure
and define excess and rapid weight gain in infancy in other ways—see Section 2.
For simplicity throughout this paper, the acronym RWG will be used to refer to
all measures of excess or rapid weight gain during the first 2 years of life.

childhood obesity, infant feeding, infant feeding behaviours, infant formula, infant growth,

who experienced RWG, there was a 3.66 times increased odds for over-
weight or obesity in later life (Zheng et al., 2017). The proportion
of infants experiencing rapid weight gain varied from approximately
10-50% across studies included in the review (Zheng et al., 2017).
Infants fed formula, as opposed to infants fed breast milk, are more
likely to experience RWG (Dewey, 1998; Koletzko, von Kries,
Monasterolo, et al., 2009; Mihrshahi, Battistutta, Magarey, & Daniels,
2011).

It has been understood for some time that infants fed formula have
different weight gain patterns to breastfed infants (Dewey, Heinig,
Nommsen, Peerson, & Lonnerdal, 1993; Taitz, 1971; Yang & Huffman,
2013). Heinig, Nommsen, Peerson, Lonnerdal, and Dewey (1993) found
that infants fed formula had higher: energy intake, protein intake, and
weight gain compared with matched breastfed infants. These differ-
ences may be due to physiological and behavioural variances between
breastfeeding and feeding formula from a bottle (Bartok & Ventura,
2009). Such as, the nutrient profile of breast milk and formula milk is
different. And the feeding interaction between the mother and infant
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when feeding from a breast or a bottle is different, where feeding via a

bottle provides the adult with more control over the feeding situation
than the breastfed infant (Bartok & Ventura, 2009).

Many infants are fed with some formula in their first year of life: In
Australia, at least 50% of infants are fed with some formula milk in their
first 6 months, and only 39% are exclusively breastfed to 3 months
(Australian Institute of Health and Welfare, 2011). Similar proportions
are found in the United States where, in 2014 the national rates of
exclusive breastfeeding at 3 months were 40.7% (Centre for Disease
Control and Prevention, 2014). Considering the high prevalence of for-
mula feeding, is it possible to use formula in a way that best mimics
breast milk and breastfeeding (Ryan & Hay, 2016) and prevents RWG?

Identifying how formula feeding practices (which include the type
and preparation, the amount provided and consumed, and the way in
which formula is provided) relates to RWG is important to inform pub-
lic health and obesity prevention strategies. It is also important to
improve the information and advice provided to parents who are feed-
ing with formula to reduce the potential for RWG. This systematic
review identifies and assesses the supporting evidence for a range of
formula feeding practices associated with RWG in infancy. It explores
the different mechanisms and provides practical recommendations on
the basis of the current evidence for best practice formula feeding to
prevent RWG.

2 | METHODS

The Preferred Reporting Items for Systematic Reviews and Meta-
Analyses guidelines (PRISMA) (Moher, Liberati, Tetzlaff, & Altman,
2009) and guidance for systematic reviews in epidemiology (Denison
et al., 2013) informed the methods. The study selection criteria for
inclusion were based on three biologically plausible mechanisms by
which breastfeeding may be protective and formula feeding may
contribute to RWG. That is, epidemiological and experimental research
suggests that the (a) composition of the milk (nutrient profile), (b) the
mode of feeding (e.g., using a bottle, size of teat), and/or (c) the parent
feeding practices may be important mechanisms. These three path-
ways help conceptualise how formula may be provided in ways which
may closely imitate breast milk and breastfeeding (Ryan & Hay, 2016).
These pathways do not work in isolation: They have overlapping
effects. Nor are they simply unidirectional, for example, an infant's
weight or weight gain may impact parents' feeding practices (Li, Fein,
& Grummer-Strawn, 2008).

2.1 | Inclusion/exclusion criteria

Studies were selected for inclusion if they (a) addressed one of the
pathways outlined above, (b) included a sample (or a portion of the
sample) of infants who were fed with formula milk in their first year
since birth, and (c) included RWG in the first two years as an outcome.
Nutrient profile variables included studies where the composition of
formula milks was differentiated. Mode of delivery variables included
studies where the type of bottle or teat was investigated. Parent feed-
ing practice variables included studies where the parent's preparation

or provision of formula was measured.
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Key messages

e Preventing early RWG in formula fed infants may reduce

their risk of later overweight and obesity.

e Thereis some evidence to suggest that there are formula
feeding practices, such as adding cereals in bottle,
putting an infant to bed with bottle, overfeeding
formula, and compositions, such as higher protein that
contribute to RWG.

e Parents and health professionals should be provided
with accurate evidence of these associations so they

can implement best practice formula feeding.

e Much of the current evidence relies on theoretical links
and further research is required to provide a solid

evidence base.

“Excess” or “rapid” weight gain is defined and measured a number
of different ways in the literature. A widely agreed upon definition of
RWG is a change in weight for age z-score > 0.67 (Goodell, Wakefield,
& Ferris, 2009; Ong, Ahmed, Dunger, Emmett, & Preece, 2000). How-
ever, some studies measure and define “excess” or “rapid” weight gain
in other ways—for example, specific percentile cut offs are used to
define excess weight, for example, body mass index (BMI) above the
85th percentile defined as overweight (Gubbels, Thijs, Stafleu, Buuren,
& Kremers, 2011). Studies were included regardless of the measure or
definition used. Studies of infants or parents afflicted by conditions

that may impact on infant feeding or growth were excluded.

2.2 | Search strategy

Searches were conducted in five electronic databases (Medline,
PsycINFO, CINAHL, MIDIRS, and Scopus) followed by a snowball
search strategy through citation searching, hand-searching, and visual
scanning of reference lists of sentinel papers and relevant systematic
reviews. For database searches, keywords were used in conjunction
with subject heading in CINAHL and PsycINFO and MeSH terms in
Medline (full search terms are available in the Supporting Information).
Limits were set to English language, human subjects, and those pub-
lished from 1990. The primary search was conducted between August
and November 2016 and repeated in July 2017 that revealed no fur-
ther studies for inclusion.

2.3 | Study selection

All papers were imported into an Endnote database and duplicates
removed. One researcher (JA) screened titles and abstracts using a
screening checklist (see Supporting Information). Any uncertainties
were discussed with a second researcher (EDW). After the initial
screen, full text of the included articles were retrieved and analysed

according to the eligibility criteria (see Supporting Information).
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2.4 | Data extraction and narrative synthesis

One researcher (JA) extracted data from the included studies using a
data extraction checklist which included study description, participant
characteristics, exposure definition and measure, outcome definition
and measure, statistical data and results, was derived with guidance
from Denison et al. (2013). This formed a structured table of the
included studies organised according to the three pathways of interest,
established a priori. Studies within each pathway were then
summarised in groups reporting on the same exposure (e.g., the parent
feeding practice of feeding on demand or schedule). The characteris-
tics, study designs and findings within each group were described,

compared, and synthesised.

25 |

The Mixed Methods Appraisal Tool (MMAT)—Version 2011 (Pluye
et al., 2011) was used to assess study quality. This tool assesses a

Quality assessment

range of study designs including randomised, nonrandomised, and
descriptive quantitative studies. Two researchers (JA and EDW) inde-
pendently assessed each of the included studies, and any discrepancies

in the scores were discussed and consensus drawn.

3 | RESULTS

Overall, 3,881 papers were retrieved, and one additional paper was
found via snowball searching. Title and abstract screening excluded
3,796 papers, leaving 86 papers. Full text review of these 86 papers
excluded a further 68 papers, leaving 18 for inclusion in the review
(Figure 1).

3.1 | Study characteristics

Eight? papers addressed nutrient profile, two addressed mode of deliv-
ery and nine? addressed parent feeding practices (Tables 1-3). The
study designs included randomised controlled trials (RCT—six studies),
nonrandomised trials (one study), longitudinal cohort studies (eight
studies), and cross section studies (three studies). The RCTs varied in
size, from very large multi-national studies (Koletzko, von Kries, Closa,
2009), to small single site studies (Mennella, Ventura, & Beauchamp,
2011). The longitudinal studies varied in length of follow up period
and size, with five having greater than 1,000 participants. For most
studies, the samples were taken from general populations defined
within a geographical area, or some were sampled nationwide. A small
number of studies included specific populations such as overweight
mothers only (Inostroza et al., 2014), those with a family history of
atopic disease (Roche, Guo, Siervogel, Khamis, & Chandra, 1993;
Rzehak et al., 2009), and a Women, Infant, and Children (WIC) popula-
tion in the United States (Cartagena, McGrath, & Masho, 2016;
Worobey, Lopez, & Hoffman, 2009).

20One paper involves exposure variables in both the nutrient profile and parent
feeding practices section and is included in the parent feeding practice table
(Table 3).
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3.2 |

The MMAT scores ranged from 25% (*) to 100% (****; Table 1-3). The

strongest evidence was found in the nutrient profile pathway, which

Quality assessment

comprised five RCTs which may suggest a directional association,
one nonrandomised trial, and one longitudinal study. Although this
section included five RCTs, their MMAT scores varied: In three of
the studies, lower scores were a result of participant attrition
(Inostroza et al., 2014; Koletzko, von Kries, Closa, et al., 2009; Rzehak
et al., 2009). The mode of delivery pathway included only two studies:
one RCT and one longitudinal study. A longitudinal design may provide
evidence of directional association, however, further validation of this
association is required. The parent feeding practice pathway included
nine studies of either cross sectional or longitudinal study design.
The cross sectional studies provide the most limited evidence as direc-
tional association cannot be assumed. Many of the studies also relied
on parent reported data that can be limited due to social desirability
bias and incorrect measurement or reporting (e.g., of infants' weight
or height). However, many studies included used a sampling technique
that minimised bias, controlled for differences between groups, and
controlled for known factors associated with RWG in infancy (e.g.,

infant birth weight and maternal BMI).

3.3 |
3.3.1 |

Synthesis of study results
Nutrient profile

The amount of protein

Two studies address the amount of protein. The first showed that the
amount of protein is linked with weight outcomes in a large European
multicentre randomised control trial including 1,090 formula fed
infants (540 randomised to the low protein formula group, 550 to
the high protein group, and a breastfed comparison group; Koletzko,
von Kries, Closa, et al., 2009). This trial found that formula with a
higher protein content (2.05 g/100 ml—standard then 3.2 g/100 ml—
follow on) lead to more RWG, compared with both a formula with
lower protein content (1.25 g/100 ml—standard then 1.6 g/100 ml—
follow on) and breastfed infants (Koletzko, von Kries, Closa, et al.,
2009). Likewise, the second study suggested that low protein content
formula may attenuate some of the risk for RWG (Inostroza et al.,
2014). This study was conducted in Chile with 172 infants with
mothers who were overweight or obese (86 to an experimental low
protein formula with probiotics and 86 to a control standard formula
and a breastfed comparison group). However, the study design of
including a specific population and the inclusion of probiotics in the
experimental formula limits our capacity to directly attribute this dif-
ference to protein (Inostroza et al., 2014).

Protein-hydrolysed formula

Three studies considered the effects of protein-hydrolysed formula
(Mennella et al., 2011; Roche et al., 1993; Rzehak et al., 2009), in which
the protein has been either partially or extensively broken down into
smaller peptides (Vandenplas et al., 2016) on weight gain. An RCT
found infants (n = 250) fed extensively hydrolysed casein formula had
a lower BMI (WHO Multicentre Growth Reference population [2006]
charts) growth to 11 months than those fed partially hydrolysed whey
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Database searches:

human, English language

MEDLINE (n= 2667), MIDIRS (n = 682), CINHAL
(n= 696), Scopus (n=2088), Psycinfo (n=343)

Search results combined (n= 6,476)

Y

Articles screened on basis of title and
abstract (n= 3,881)

) 4

Duplicates removed (n=
2,595)

A 4

Additional articles
identified through
snowballing (n=1)

Y

Full articles assessed for eligibility (n=
86)

Excluded, did not meet
selection criteria (n=
3,796)

A 4

Papers included in the review (n= 18)

Excluded, (n= 68):

Reasons: book section (n=1);
conference proceedings (n=4);
dependent variable was not rapid or
excess weight gain or BMI (n=10);
dependent variable was not rapid or
excess weight gain or BMI during the
infants first 2 years of life (n=4); did
not report variance in formula
feeding associated with excess or
RWG in the first 2 year (n=6);
independent variable did not
measure variance in formula feeding
(n=23); independent variable did not
identify specific measure of variance in
formula feeding (n=4); Infant sample
has disease which may affect milk
feeding (n=2); Not in the top 49
countries with "very high human
development index’ (n=6); opinion
piece (n=1); editorial article (n=1);
reporting on same sample included in
another paper included study with
same results plus additional clinical
findings not relevant to current
review (n=3); review article (n=3)

(PHF-W; n = 253), extensively hydrolysed whey (eHF-W; n = 265) and
cow's milk formula (n = 276; Rzehak et al., 2009). Although, there was
no difference in BMI at follow up (measured up to 6 years; Rzehak et al.,
2009). In another small RCT (n = 64), infants fed cow's milk formula had
statistically significant higher weight for age and length z-scores com-
pared with those fed extensively hydrolysed formula between 3.5 and
7.5 months (Mennella et al., 2011). Another nonrandomised study com-
paring cow's milk formula to soy formula, a hydrolysed formula, and
breastfeeding found that infant boys fed with a cow's milk formula
were more likely to have weights above the 95th percentile between
birth and 6 months (Roche et al., 1993). The generalisability of this
study is limited given that the growth reference comparison group
was a local national study (from Canada), and the sample was of infants

with a family history of atopic disease (Roche et al., 1993).

FIGURE 1 PRISMA flow diagram

Energy density

Three studies considered how the energy density of formulas (one is
included in the parent feeding practice table) related to weight gain.
A small RCT (n = 42) compared powdered and ready to feed formula.
The study hypothesised that powdered formula may be incorrectly
made up and, thus, provide a more energy dense feed than the ready
to feed formulas (Lucas, Lockton, & Davies, 1992). They found in the
powdered feeding group that bottles that were reconstituted to a
higher energy concentration (i.e., more concentrated) were associated
with higher weight at 6 months. They also found a significantly higher
body weight change in powdered formula group between 1 and
6 weeks (p = .003) and 1-12 weeks (p = .03); but not at 1-26 weeks
(p = .06). Another paper reported on a large (n = 2666) prospective lon-
gitudinal cohort study which considered the use of a milk cereal drink
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(“gruel”) at 6 months in relation to BMI at 12 and 18 months (Almquist-

Tangen, Dahlgren, Roswall, Bergman, & Alm, 2013). This study found a
positive association between use of milk cereal drink at 6 months and
higher BMI at 12 and 18 months after controlling for parental obesity
and education, maternal smoking, gestational age, birth weight, gender,
and BMI at 1, 4, and 6 months but not other dietary intake. This study
did not use a growth reference group to standardise their sample
weights and used a unique definition of “high BMI” as one standard
deviation above their study population mean (Almquist-Tangen et al.,
2013). Another small (n = 62) cross sectional study (included in the par-
ent feeding practice table) reported no statistically significant relation-
ships between putting rice cereal in the bottle of four to 12-month
olds and higher weight for length in a WIC immigrant Latina population
(Cartagena et al., 2016).

332 |

The type of bottle used to feed formula was considered in only two

Mode of delivery

studies. A small (n = 63) RCT compared two bottles, one with, a “par-
tial antivacuum” design and another with a “full antivacuum” design
(Fewtrell, Kennedy, Nicholl, Khakoo, & Lucas, 2012). The hypothesis
was that a partial antivacuum design would require more effort to
extract the milk from the bottle which would lead to lower milk intake
and hence lower weight gain (Fewtrell et al., 2012). However, this
study found no statistically significant difference in consumption or
weight gain between the two groups (Fewtrell et al., 2012). Another
longitudinal study (n = 386) compared the size of the bottle used to
feed formula (Wood et al., 2016). This study recorded the size
(volume) of bottles used by participants who were fully formula feed-
ing their infants at 2 months. After adjusting for a number of
confounders (such as child's gender, age, family ethnicity, education,
household income, and household size), infants fed with a ‘large’-
6 0z (~177 ml) bottle had more weight gain between 2 and 6 months
compared with infants fed with a smaller bottle (< 6 oz or ~177 ml;
Wood et al., 2016).

333 |

Nine papers were included in this section, measuring various aspects of

Parent feeding practices

parents' feeding practices including feeding on demand or schedule,
taking a bottle to bed, the amount of formula provided and whether
an infant was encouraged to empty the bottle.

Feeding on demand or schedule

Three studies (two cross sectional and one longitudinal) measured
feeding on demand or on schedule, with differing results. One small
(n = 48) cross sectional study found no weight difference at 6 months
between groups who were fed on demand versus on a schedule
(Saxon, Gollapalli, Mitchell, & Stanko, 2002). Another large prospective
longitudinal cohort study (n = 2,834), which controlled for pertinent
confounders (such as child gender, birth weight, maternal age,
prepregnancy BMI, and smoking in pregnancy) also found no differ-
ence between their schedule or demand groups in terms of weight gain
from birth to 12 months (Gubbels et al., 2011). Another cross sectional
study (n = 612), which also controlled for pertinent confounders (such

as mother's age, smoking in pregnancy, BMI, and education, infant

APPLETON ET AL.

birth weight and gender) found feeding to schedule was positively
associated with RWG between birth and 4-7 months (Mihrshahi et al.,
2011). These studies measured demand or schedule feeding at differ-
ent time periods, with different tools, used a different reference popu-
lation to standardise their sample growth and used different definitions
of RWG.

Bottle to bed

Three studies measured whether parents put their infants to bed with
a bottle of formula. All papers measured this practice at various time
points in the first year and as a dichotomous variable (i.e., they did
not consider frequency of this practice). Two found no association
between putting an infant to bed with a bottle and greater weight
(Cartagena et al., 2016; Gaffney, Kitsantas, & Cheema, 2012). The
other study did find a positive association between putting an infant
to bed with a bottle, measured at 9 months via an interview survey,
and “early obesity” (weight for age > 98th percentile) at 24 months
(Gibbs & Forste, 2014).

Volume of formula

Two studies considered the volume of formula infants consumed by
measuring the number of feeds per day or the amount consumed over
a day. Both found weak positive associations between the amount of
formula consumed and weight gain. One small (n = 96) longitudinal
study based in a WIC population found a higher number of feeds per
day, measured at 6 months, was associated with greater absolute
weight gain between 6 and 12 months (Worobey et al., 2009). How-
ever, this study only considered weight change over time—They did
not standardise infants' weight to length, nor compare their sample
to a reference population or control for other foods consumed. The
other larger (n = 1,112) longitudinal study measured the amount of for-
mula consumed at 8 months, dichotomising into low (<600 ml formula/
day) or high (>600 ml formula/day; Hopkins, Steer, Northstone, &
Emmett, 2015). Relative to a breastfeeding comparator group both for-
mula intake groups and gained more weight when measured to
18 months although actual differences were small (the low formula
group were 0.27, and the high formula group was 0.41, standard devi-
ations heavier [Hopkins et al., 2015] than the breastfed group). On the
other hand, there were a similar proportion of children experiencing
RWG in the formula milk high group (30.7%) and formula milk low
group (29%) with a low proportion in the breastfed group (19.7%;
Hopkins et al., 2015).

Bottle emptying

One study considered the frequency of an infant finishing a bottle of
milk related to weight gain. In a longitudinal postal survey
(n = 1,896), this study asked about the frequency at which an infant
finished all the milk in their bottle (infant initiated bottle emptying)
and the frequency at which the carer encouraged the infant to finish
all the milk (mother initiated bottle emptying; Li et al., 2008). They
found that infants who frequently “infant initiated” emptied their
bottle were more likely to have excess weight gain, which was defined
as a standardised weight for age score of more than one standard devi-
ation above the mean using CDC charts (Li et al., 2008). This study also

found that infants of mothers who frequently encouraged their baby
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to finish the milk in their bottle (“mother initiated” bottle emptying)
were less likely to have excess weight gain than those who rarely did
(Li et al., 2008).

4 | DISCUSSION

This review aimed to examine the evidence on associations between
formula feeding practices and RWG with a view to providing practical
recommendations to parents and health professionals on formula feed-
ing to promote healthy weight gain. Overall, limited evidence identified
which, if any, formula feeding practices are likely to be associated with
RWG in infancy. All three of the explored pathways relied heavily on
theoretical links and require further research to provide a solid
evidence base.

The nutrient profile pathway provided strong but limited evidence.
This review found it is plausible that a lower protein content formula
(e.g., 1.25 g/100 ml for formula from birth; Koletzko, von Kries, Closa,
et al., 2009) can reduce the likelihood of an infant experiencing RWG.
By comparison, the average amount of protein found in breast milk is
lower at 1.03 g/100 ml (although this varies), and the range of
protein currently available in infant formula (e.g., on the Australian
market 1.3-1.9 g/100 ml) and “follow on” formula to use from
6 months (e.g., on the Australian market 1.3-2.5 g/100 ml; Blair,
Frazer, & Gaskin, 2014). Advising that “follow on” formula is not
required may be an appropriate intervention to reduce protein intake
(Redsell et al., 2016).

However, caution should be observed as the current review
included only two RCTs. Although two recent systematic reviews of
RCTs that focused specifically on protein content of infant formula
and general infant growth found while there is some evidence to sup-
port lower protein content, further research is necessary, including
long term research of not only weight outcomes but also
neurodevelopment outcomes (Abrams, Hawthorne, & Pammi, 2015;
Patro-Gotab et al., 2016). Further limitations in applying this to the
“real world” are the diversity of the composition of formula available:
Both studies only considered cow's milk formula although other for-
mulas based on different sources of protein are available (e.g., goats
milk or soy plant).

Three studies in this review provided some evidence that hydro-
lysed infant formula may have a positive effect on reducing RWG in for-
mula fed infants. The potential mechanism is that hydrolysed protein
may promote greater satiation than intact protein (Ventura,
Beauchamp, & Mennella, 2012). Further larger studies with samples
from the general population (two studies included populations of family
history of atopic disease) are required, however, before any firm conclu-
sions can be drawn. Further research is also required to understand the
short and long term effects of hydrolysed infant formulas (Vandenplas
et al., 2016) which are typically used for infants with a family atopic
history or gastrointestinal complaints (Vandenplas et al., 2016).

In the first weeks after birth, formula fed infants generally have
higher energy intakes than their breastfed peers (Hester, Hustead,
Mackey, Singhal, & Marriage, 2012). The energy density of formula is
a theoretically interesting point because parents may make up the for-

mula at a higher density than the manufacturer's recommendations or
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add cereal (in the belief it may enhance sleep or satiety; Baughcum,
Burklow, Deeks, Powers, & Whitaker, 1998; Lucas et al., 2017).
Interestingly, recent research in Australia has found around 20% of
infant bottles have inaccurate measurements, which could lead to over
or under concentrated formula (Gribble, Berry, Kerac, & Challinor,
2016). The present review found the consumption of milk with cereals
may have positive association with excess weight gain (Almquist-
Tangen et al., 2013) but further evidence is required, as not all studies
found a positive association (Cartagena et al., 2016). Nevertheless,
feeding recommendations generally do not support providing milk with
cereal added in the bottle due to other risks such as choking.

The bottle alone (irrespective of the milk inside the bottle, i.e., for-
mula or expressed breast milk) may be an important factor in RWG: In
a large longitudinal survey, infants fed by bottle (compared with those
fed at the breast) gained more weight per month regardless if the milk
was formula or expressed breast milk (Li, Magadia, Fein, & Grummer-
Strawn, 2012). A similar more recent analysis of this same large longi-
tudinal survey also showed a higher frequency of feeds provided by a
bottle (irrespective of the milk inside the bottle) in the first 3 months
was associated with higher weight gain in the first year (Ventura,
2017). In the current review, the type of bottle was investigated in only
two studies, with only one finding a positive association. Although
replication is required, this study provided an interesting and poten-
tially useful intervention—that of using smaller bottles (less than 6 oz,
~177 ml; Wood et al., 2016). It may be that the size of the bottle
reduced the chance of overfeeding (Wood et al., 2016). Overfeeding
may not only lead to more RWG but may also impact the development
of an infant's satiety responsiveness and self-regulation (DiSantis,
Hodges, Johnson, & Fisher, 2011). Generally, it is theorised that over-
feeding may occur when a caregiver is less responsive to an infant's
signals (cues) of satiety (DiSantis et al., 2011). There is strong evidence
that infants are generally consistent in sending signals of satiety
(Bartok & Ventura, 2009; DiSantis et al., 2011; Ventura, Inamdar, &
Mennella, 2015; Ventura & Mennella, 2017). However, a range of
factors including infant temperament and the external environment
may influence the communication of the cues and caregiver interpreta-
tion and response to these cues (McNally et al., 2015). A smaller sized
bottle may indeed adjust a part of the external environment to have a
positive effect in this regard.

Another facet to the relationship between the bottle, the amount
of formula consumed and potential overfeeding was the parent
feeding practices, and if a parent encouraged or pressured an infant
to finish all the milk in the bottle. This review found one study that
conceptualised two types of bottle emptying scenarios: infant led
and mother led (Li et al., 2008). Surprisingly, the relationship with
RWG gain was only found in the infant led scenario, which may be
an indicator of bottle fed infants' diminished response to internal cues
of satiety (Li et al., 2008). The mother led scenario was not associated
with RWG (Li et al., 2008). The authors suggest it may be that parents
feed in response to infant size or feeding behaviour; for example, a
small infant is encouraged to finish the bottle (Li et al, 2008).
Conversely, it may be that the self-reported questionnaire did not
accurately reflect what was happening in practice.

Considering the potential impact of overfeeding on both RWG and

also an infant's satiety responsiveness and self-regulation (DiSantis
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et al., 2011), there was surprisingly little research considering formula

intake and RWG. This review found two studies showing a positive
association between amount of formula consumed and RWG. How-
ever, the measures of “amount of formula” consumed in both these
studies had questionable validity and reliability with one counting only
the number of feeds per day and the other an average amount of for-
mula consumed over a 3-day period, and both relying on parent
reported data (Hopkins et al., 2015; Worobey et al., 2009). Further
studies with validated measures are necessary.

Two other parent feeding practices considered were feeding to
schedule or demand and putting an infant to bed with a bottle. Three
studies investigated the associations between RWG and demand
versus scheduled type feeding, with only one finding a positive associ-
ation. It is unclear if either method (demand or schedule) is associated
with RWG. It may be that other factors, such as those noted above,
including an infant's temperament/appetitive traits and other external
environment influences (McNally et al, 2015), and the parent's
response to infant cues that are more influential than this one particu-
lar practice. Although it is argued that feeding on demand theoretically
should foster a style of feeding more responsive to infant cues
(DiSantis et al., 2011; Saxon et al., 2002) but this is contingent on
the infant and parent communicating effectively via feeding cues and
response.

The practice of putting a baby to sleep with a bottle was associ-
ated with RWG in one of three included studies. Two studies consid-
ered bottle to bed practice during the second 6 months of infancy,
one with more directly measured data (at infant age of 9 months)
found an association (Gibbs & Forste, 2014) whereas the other, with
self-reported data (at infant age 6-12 months) did not (Gaffney et al.,
2012). This difference may be due to variation in data collection tools
and timing. Previous studies have found an association between bottle
to bed use during the toddler years and increased risk of overweight
and obesity (Bonuck, Huang, & Fletcher, 2010; Kimbro, Brooks-Gunn,
& MclLanahan, 2007). However, regardless of age, it is a practice that
is considered inadvisable as it is a choking hazard (NHMRC, 2013)
and is also one of the risk factors for dental carries (Harris, Nicoll,
Adair, & Pine, 2004).

This review examined formula feeding practices that may
increase the risk of formula fed infants experiencing RWG based on
the three pathways of nutrient profile, mode of delivery, and parents'
feeding practices. Overall, there is some limited evidence to support
the nutrient profile of formula (specifically lower protein) and certain
parent feeding practices (not adding cereals in bottle, not putting a
baby to bed with bottle, and not overfeeding) are important to reduce
RWG. However, this evidence is very limited in scope and quality, and
further studies are required before firm recommendations can be
made.

Many of the included studies were based on self-reported data of
unknown validity that may not be accurately measuring formula
feeding practices or infant weights due to social desirability bias and
incorrect reporting (e.g., of infants' weight or height). There is a need
for improved measures of parental milk feeding practices and parent
intentions and beliefs during this period as predictors of these to accu-
rately assess which practices contribute to RWG. In addition, not all

studies controlled for important confounders such as when the infant
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commenced solid foods. Further research providing evidence from
which health professionals may advise parents on how best to use
formula is needed.

Further research is required to provide evidence for best practice
formula feeding, yet there are prominent ethical considerations for
studies in the area. First, studies should ensure that breastfeeding is
promoted and continues to be the first option for infant feeding (Binns,
Lee, & Kagawa, 2017). Second, as it is now clear that RWG has lifelong
implications for the risk of later overweight and obesity (Woo Baidal
et al., 2016; Zheng et al., 2017), studies of infant feeding should mon-
itor for these early signs of overweight and obesity (Binns et al., 2017).
This has implications for future prospective studies that hypothesise
that certain formula feeding practices will contribute to RWG.

This review is limited by a focus only on studies that specifically
considered RWG in the first 2 years, leading to exclusion of papers that
looked at weight gain or growth more generally or those looking at
infants at ages beyond 2 years. In addition, this review examined three
theoretical differences between breastfeeding and formula feeding
(nutrient profile, the mode of feeding, and the parent feeding
practices). Forthcoming research has conceptualised additional mecha-
nisms by which formula feeding may contribute to weight gain such as
the development of the microbiome (Binns et al., 2017; Mischke &
Pl6sch, 2013) and taste preferences (Trabulsi & Mennella, 2012). How-
ever, presently, these aspects are infrequently measured so were not
included in the review. This review did not include studies of parent
feeding style as the aim was to identify specific formula feeding prac-
tices rather than theoretical feeding styles—which may be important
for weight gain but are important across all modes of feeding, that is,
breastfeeding, formula feeding, and introducing solids foods. Studies
of feeding style are important considerations for infant feeding no
matter which type of milk or food, and merit their own review, of
which one was recently published related to the theory of responsive
feeding (DiSantis et al., 2011).

5 | CONCLUSION

Although it is imperative that breastfeeding is promoted, many parents
use infant formula. Health professionals and parents need high quality
evidence to inform their infant feeding practice. Available evidence
indicates that some formula feeding practices (such as adding cereals
in bottle, putting a baby to bed with bottle, and overfeeding formula)
and compositions (higher protein) that may contribute to RWG. This
review contributes to the discourse in this area by highlighting both
the evidence and the gaps in our understanding of how formula feed-
ing may contribute to RWG and the opportunities for promoting those
practices that promote healthy weight gain.
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