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1 | INTRODUCTION
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Abstract

Early intervention is critical for addressing the challenge of childhood obesity. Yet
many preventive interventions do not target infants most at risk of future over-
weight or obesity. This systematic review examines interventions delivered before
2 years that aim to ameliorate excess weight gain among infants at high risk of
overweight or obesity, due to sociodemographic characteristics, parental weight or
health status, infant feeding or health behaviours. We searched six databases for
interventions: (a) delivered before age two, (b) specifically aimed at infants at high
risk of childhood obesity and (c) that reported outcomes by weight status beyond
28 days. The search identified over 27,000 titles, and 49 papers from 38 studies
met inclusion criteria: 10 antenatal interventions, 16 postnatal and 12 conducted
both before and after birth. Nearly all targeted infant and/or maternal nutrition.
Studies varied widely in design, obesity risk factors, outcomes and quality. Overall,
nine interventions of varying quality reported some evidence of significantly
improved child weight trajectory, although effects tended to diminish over time.
Interventions that improved weight outcomes tended to engage parents for a lon-
ger period, and most offered health professional input and support. Two studies of

limited quality reported significantly worse weight outcomes in the intervention
group.
KEYWORDS

childhood obesity, infant feeding, infant growth, maternal nutrition, physical activity,
systematic review

risk of obesity in adolescence and adulthood (Herman et al., 2009),
and multiple comorbidities (Guh et al., 2009).

Childhood obesity is a persistent global health issue. The World
Health Organisation (WHO) estimates that in 2018, 40 million chil-
dren under age five experienced overweight or obesity (World Health
Organization, 2020). The consequences of childhood obesity are vital,
both for the health and wellbeing of individuals and for national health

systems. Childhood overweight and obesity are associated with higher

Overweight and obesity in childhood and beyond are associated
with several early life factors such as maternal and infant characteris-
tics, sociodemographic attributes (Dubois & Girard, 2006; Lamb
et al., 2010), and some cultural factors including preferences for larger
infants (Cartagena et al., 2015; Hill et al., 2012; Kuswara et al., 2016;
Rehayem et al., 2020; Wandel et al., 2016). Childhood overweight and
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obesity are associated with poor early nutrition, including limited or
no breastfeeding, and early introduction of complementary foods
(Appleton, Russell, et al., 2018; Mihrshahi & Baur, 2018; Monasta
et al., 2010; Woo Baidal et al., 2016). Excess weight gain may also
relate to limited physical activity (Mihrshahi & Baur, 2018),
birthweight, unsettled infant sleep patterns (Taylor et al., 2011, 2018)
and parenting behaviour, including pressure to eat or use of food as
reward (Russell et al., 2016). Another risk factor is rapid weight gain
(RWG), defined as an increase in weight-for-age z-score of >0.67 stan-
dard deviations, that is, the crossing of two or more weight percentile
lines, between birth and 2 years (Goodell et al., 2009). The antenatal
period is critical, given evidence on how prenatal exposures influence
the weight trajectories of infants and children. Longitudinal studies
have identified greater risks of overweight among children of parents
with overweight and obesity; those exposed to diabetes in utero
(Catalano & Shankar, 2017; Gademan et al., 2014; Isganaitis
et al., 2017; Lamb et al., 2010; Liao et al., 2019; Weng et al., 2012;
Woo Baidal et al.,, 2016; Yu et al., 2013); or those born via elective
caesarean section (Cai et al., 2018; Liao et al., 2019).

Given the early genesis of many risk factors, intervention is
essential before dietary and activity behaviours become habitual.
Interventions for school-aged children miss the opportunity to change
behaviour early, as increasing numbers start school with existing over-
weight or obesity (Mihrshahi & Baur, 2018). Pregnancy and infancy
present ideal opportunities for action; parents often seek health
advice during this period of rapid change and may be willing to adopt
healthier behaviours to protect infants against later obesity (Birch &
Ventura, 2009).

To address this challenge, health practitioners and researchers
have developed and evaluated initiatives targeting the rich opportu-
nity offered during the 1,000 days from conception to age two
(Blake-Lamb et al., 2016; Reilly et al., 2017; Woo Baidal et al., 2016).
These approaches aim to support parents to adopt healthy eating and
increase physical activity prior to birth or in early in infancy (Blake-
Lamb et al., 2016; Campbell & Hesketh, 2007; Hennessy et al., 2019;
Hesketh & Campbell, 2010; Laws et al., 2014; Matvienko-Sikar
et al., 2018; Redsell, Edmonds, et al., 2016). Many interventions take a
population-wide approach to preventing excess weight gain, targeting
all pregnant women or all infants during infancy (Blake-Lamb
et al., 2016; Ciampa et al., 2010; Hennessy et al., 2019; Hesketh &
Campbell, 2010; Matvienko-Sikar et al., 2018; Rotevatn et al., 2019).
Despite widespread evidence about potential risk factors, early inter-
ventions that focus specifically on infants who already have an
increased risk of obesity are less common than universal programmes.
A focus on interventions targeting children at higher risk could yield
valuable insights for obesity prevention internationally and help target
scarce health resources.

Several recent systematic reviews have focused on obesity pre-
vention interventions for infants under 2 vyears (Blake-Lamb
et al., 2016; Ciampa et al., 2010; Matvienko-Sikar et al., 2018; Redsell,
Edmonds, et al., 2016; Rotevatn et al., 2019). Two more specifically
considered young children from disadvantaged backgrounds (Laws
et al,, 2014; Russell et al., 2016), but not other risk factors. A recent
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Key messages

e Early intervention is critical to addressing unhealthy
weight gain during infancy, to avoid obesity and related
comorbidities in childhood, adolescence and adulthood.

e Although many nutrition interventions are aimed at gen-
eral populations of infants, fewer are targeted specifically
to infants with identified risks of overweight and obesity
related to socio-demographic factors, feeding behaviour
or parents' weight status.

e Studies of targeted interventions vary widely in design,
duration, target population and quality.

e Successful interventions involved early childhood health
professionals and recruited participants early, in order to
support infants' health and well-being.

e There is scope for high-quality research investigating lon-
ger term effects of targeted interventions delivered in
infancy and prior to birth.

narrative review of systematic reviews on infant feeding interventions
for children aged 0-2 years focused on general interventions aimed at
preventing overweight and obesity (Koplin et al., 2019). Similarly, sys-
tematic reviews of antenatal interventions typically focus on general
populations (Blake-Lamb et al., 2016; Redsell, Edmonds, et al., 2016),
although they may include individual studies involving women with
risk factors such as high body mass index (BMI) or gestational diabe-
tes. Many reviews of interventions for overweight and obesity during
pregnancy report only maternal or neonatal outcomes such as
birthweight or complications (Dodd et al., 2010; Flannery et al., 2019).
Currently, we are not aware of reviews focussed exclusively on
infants at increased risk of overweight or obesity that report out-
comes beyond the neonatal period.

This systematic review therefore aims to explore interventions up
to 2 years of age intended to prevent excess weight gain in infants
specifically identified as having increased risk of developing over-
weight or obesity. It identifies interventions delivered during the post-
natal period (0-2 years) and during pregnancy for parents whose
characteristics increase their children's risk of excess weight gain, and
it examines outcomes reported as infant or child weight status beyond
1 month of age.

2 | METHODS
2.1 | Research questions

This systematic review addresses the following questions:

1. What health, behavioural or demographic factors (including base-

line sociodemographic characteristics) do researchers use to
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predict infants at increased risk of overweight or obesity, for

example, income or maternal education?

2. What are the elements of interventions aiming to prevent excess
weight gain in infants at increased risk?

3. What interventions (or specific elements of interventions) are
effective in reducing the risk of obesity among these young
children?

The reviews followed the Preferred Reporting Items for
Systematic reviews and Meta-Analyses (PRISMA) guidelines for
systematic reviews (Moher et al., 2009). The review protocol was
registered with Prospero (https://www.crd.york.ac.uk/prospero/),
number CRD100138.

2.2 | Inclusion criteria

221 | Study design

The review included original experimental and quasi-experimental
studies, including pre-test/post-test design, regardless of underlying
theoretical base. We excluded systematic reviews from the results
but assessed all studies included in these systematic reviews for
eligibility.

2.2.2 | Participants

The review focused on two interrelated groups:

1. Healthy infants aged 0-2 years at increased risk of overweight and
obesity. Regardless of the evidence regarding risk factors, we
included studies where the authors stated specifically that they
targeted characteristics potentially associated with childhood obe-
sity, including low maternal education, specific ethnic backgrounds
(e.g., Latin or native American families), low family income
[e.g., families eligible for Special Supplemental Nutrition Program
for Women's, Infants, and Children (WIC)], high birthweight,
prenatal exposure to tobacco, formula feeding, early weaning,
short sleep duration and RWG before age two (Appleton, Laws,
et al., 2018; Collings et al., 2017; Pearce et al., 2013; Taveras
et al., 2010; Van Den Berg et al., 2013; Weng et al., 2012; Woo
Baidal et al., 2016; Wright et al., 2016; Zheng et al., 2018).

2. Parents with one or more characteristics linked to increased risk
of childhood overweight and obesity, including high pre-

pregnancy BMI, previous infants born large-for-gestational-age,

excess gestational weight gain and/or with gestational or type

1 diabetes, and elective caesarean section (Cai et al, 2018;

Monasta et al., 2010; Olson et al., 2009; Pei et al., 2013; Weng

et al, 2012; Woo Baidal et al., 2016; Yu et al., 2013; Zhu

et al., 2016). We also considered environmental and behavioural
factors (e.g., parental smoking or intention to formula feed)

(Liao et al., 2019).

~WI ]_Eyjﬂ

2.2.3 | Interventions

The review focused on interventions aimed at preventing and
managing excessive weight gain among infants identified with
specific risk factors. Interventions were commenced prior to the age
of 2 vyears, including pregnancy. Although formula feeding is a
well-established obesity risk factor, we excluded studies that
compared different compositions of infant formula, for example,
levels of protein, given considerable literature on this topic
(Escribano et al., 2012; Gruszfeld et al., 2016; Koletzko et al., 2009),
including reviews (Patro-Golab, Zalewski, Kolodziej, et al., 2016;
Patro-Golab, Zalewski, Kouwenhoven, et al., 2016).

224 | Comparison

Intervention studies were included if they utilised a control or
comparison group receiving ‘usual care’, or a different intervention, or
compared results with outcomes prior to programme implementation.

225 | Outcomes

The review selected studies reporting at least one quantitative
weight outcome based on measures used in routine clinical care of
infants (weight and length). Outcomes were reported as specified in
the studies and included mean weight, proportions with overweight
or obesity (defined by study authors), BMI, weight-for-length,
weight-for-age and/or associated z-scores. We excluded anthropo-
metric outcomes that require specialised equipment or training to
measure.

22.6 | Setting

The review included research from any country, conducted in clinical
and home-based settings, but not schools, pre-schools or childcare
centres. Centre- and community-based interventions tend to be

universal and not targeted to individual risk factors.

227 | Exclusion criteria

We excluded studies not published in peer-reviewed English-language
journals or prior to 2008, the cut-off date for a comprehensive review
of obesity prevention interventions for children aged 0-5 years old
(Hesketh & Campbell, 2010). We also excluded studies reporting:
non-primary research; instrument development; non-human subjects;
the causes, prevalence or effects of obesity; intervention cost-
effectiveness; attitudes or knowledge of health professionals or
parents; infant formula composition; weight gain in infants whose
growth is compromised by illness, prematurity or undernutrition;

centre-based interventions; or universal interventions not targeted to
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TABLE 1 Search strategy
Population Obesity-related Intervention-related
terms terms terms
Infan* Rapid weight gain Weight control
Baby Excess weight gain Weight management
P(a)ediatric Obes* Obesity treatment
Toddler Overweight Obesity control
Under two BMI Obesity management
(years)
Body mass index Intervention
Weight for length Dietary behavio(u)r
Rapid growth Dietary control
Body weight Nutrition intake
Adipos*
MeSH terms? MeSH terms MeSH terms
Infant Body mass index Diet, reducing

Pediatric obesity
Body weight changes

Infant nutrition
disorders

®Medical subject headings.

a defined risk factor. We also excluded observational studies of

cohorts that did not receive an intervention or those that did not

report a quantifiable weight outcome.

228 |

Information sources

Obesity management

Weight reduction
programs

Nutrition therapy

During June-July 2018, we searched six databases: Cumulative Index
of Nursing and Allied Health Literature (CINAHL), EBM Reviews
Complete, Embase, Joanna Briggs Institute EBP, Medline and
ProQuest Nursing and Allied Health. We updated the database
search in June 2020. Further, we hand-searched reference lists and
forward citations of selected articles using Scopus for further

relevant studies.

23 | Search
After a preliminary search to identify potential search terms, we used
the terms in Table 1, combining all terms within each column with OR,

then combining the three columns with AND.

24 | Study selection
The output from the database searches was transferred to Covidence
for screening and to eliminate duplicates (https://www.covidence.

org). One reviewer (CR) then removed titles clearly outside the scope

ROSSITER ET AL.

of the review (pre-2008, animal studies and studies of older children/
adolescents). Two reviewers (CR and HC) then independently
screened the titles and abstracts of articles to assess relevance to the
review questions. They then independently examined full text articles
to confirm eligibility for the review. Disagreements about whether to
include articles were resolved by the senior researcher (EDW). The
search and review process is summarised in a PRISMA chart (Moher
et al., 2009).

2.5 | Data extraction

One author extracted data on study characteristics (Table 2) including
participant characteristics and risk factors, research design, outcomes
and key findings relevant to the review questions, summarised to
show differences between intervention and control cohorts, using
measures and levels of statistical significance as reported by authors.
This table summarises results that are often complex and multiface-
ted, especially in studies using stratified samples or multiple weight
outcome measures. Another table presents further detail of interven-
tions (theoretical framework, content, setting, provider, frequency and
duration) (Table 3). Data extraction was cross-checked by another

author.

2.6 | Quality assessment

Two researchers (CR and HC) independently assessed individual stud-
ies for research quality using the Mixed Methods Assessment Tool
(MMAT) (Pluye et al., 2011), taking account of different study designs.
Conflicts were resolved by the senior researcher (EDW). Ratings on
relevant criteria are in Table S1. For MMAT items on completeness of
outcome data, we adopted an acceptable drop-out rate of 20% for

studies up to 12 months after intervention and 30% for longer follow-

up.

2.7 | Synthesis of results

Given the heterogeneity of the interventions, outcome measures and
the age at which children were assessed in identified studies, meta-
analysis of the findings was inappropriate. Results are synthesised

narratively.

3 | RESULTS

3.1 | Identification of studies

The database searches yielded 27,363 citations; subsequent hand-
searching identified another 196 potential titles. After screening titles
and abstracts, we reviewed 665 full-text articles and excluded

616 (Figure 1). The most common reason for excluding studies was
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