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ABSTRACT

Infants born preterm (<37 weeks of gestation) often experience feeding problems during hospitalization. Whether difficulties persist or have long-
term sequelae on childhood eating is unclear. We aimed to describe the oromotor eating skills (e.g., chewing/swallowing), eating behaviors (e.g.,
food neophobia), food parenting practices (e.g., pressure to eat), and dietary patterns of preterm children during late infancy (6–12 mo) and early
childhood (>12 mo–7 y) and to determine whether these differed from those of term-born peers. We identified 67 articles (57 unique studies) for
inclusion. We used random-effects meta-analysis of proportions to examine the prevalence of oromotor eating skill and eating behavior challenges
among preterm children, standard meta-analysis for comparisons with term-born peers, and the Grading of Recommendations, Assessment,
Development and Evaluation approach to assess the certainty of evidence. Forty-three percent (95% CI: 24%, 62%) of infants and 25% (95% CI:
17%, 33%) of children born preterm experienced oromotor eating difficulties and 16% (95% CI: 4%, 27%) and 20% (95% CI: 11%, 28%), respectively,
exhibited challenging eating behaviors. During late infancy and early childhood, oromotor eating difficulties (OR: 2.86; 95% CI: 1.71, 4.77; I2 = 67.8%)
and challenging eating behaviors (OR: 1.52; 95% CI: 1.11, 2.10; I2 = 0.0%) were more common in those born preterm than in those born term:
however, the certainty of evidence was very low. Owing to the low number and heterogeneity of studies, we narratively reviewed literature on
food parenting and dietary patterns. Mothers of preterm infants appeared to have heightened anxiety while feeding and utilized coercive food
parenting practices; their infants reportedly received less human milk, started solid foods earlier, and had poorer diet quality than term-born
peers. In conclusion, meta-analyses show preterm children experience frequent oromotor eating difficulties and challenging eating behaviors
throughout the early years. Given preterm birth increases risk of later obesity and diet-related chronic disease, research examining the effects of
caregiver–child interactions on subsequent diet is warranted.This review was registered at www.crd.york.ac.uk/prospero/ as CRD42020176063. Adv
Nutr 2022;13:875–912.

Statement of Significance: Preterm children continue to experience frequent oromotor eating difficulties and challenging eating behaviors
throughout the early years, more commonly than term-born peers.

Keywords: preterm birth, feeding and eating disorders of childhood, picky eating, feeding skills, oromotor skills, eating behaviors, parent–child
interaction, food parenting, diet quality, meta-analysis

Introduction
Infants born preterm (<37 weeks of gestation) and at a very
low birth weight (VLBW; <1500 g) experience high rates of
feeding problems in hospital (1, 2). Eating is a neurodevelop-
mental process that requires motor organization, rhythmic

sucking, and a coordinated suck-swallow-breathe pattern
while integrating incoming sensory components of both the
food and the feeding environment (2, 3). Organ immaturity,
birth complications, and medical interventions such as tube
feeding interrupt the development of these necessary skills

C© The Author(s) 2022. Published by Oxford University Press on behalf of the American Society for Nutrition. This is an Open Access article distributed under the terms of the Creative Commons
Attribution-NonCommercial License (https://creativecommons.org/licenses/by-nc/4.0/), which permits non-commercial re-use, distribution, and reproduction in any medium, provided the
original work is properly cited. For commercial re-use, please contact journals.permissions@oup.com. Adv Nutr 2022;13:875–912; doi: https://doi.org/10.1093/advances/nmac017. 875

https://creativecommons.org/licenses/by-nc/4.0/
mailto:journals.permissions@oup.com
https://doi.org/10.1093/advances/nmac017


and progression to complete oral feeding. Although often
essential for survival, procedures in the neonatal intensive
care unit (NICU) may limit opportunities for positive oral
experiences and parent–child interaction, causing parental
distress and negative feeding experiences (1, 4).

There is little consensus about the persistence of eating
difficulties into late infancy and early development among
children born preterm (5). Ross and Browne (2) conducted
a systematic review qualitatively synthesizing the literature
on breastfeeding, eating problems, and growth in preterm
infants at, and post, NICU discharge, and concluded that
preterm infants are slow to develop eating skills and that
parental reports of eating challenges are prevalent. More
recently, Pados et al. (6) conducted a meta-analysis exam-
ining the prevalence of problematic feeding (e.g., choking,
food refusal) in preterm children and reported 42% (95% CI:
33%, 51%) exhibit such challenges in the first 4 y. Notably,
neither of these reviews used exhaustive literature searches,
included a term-born comparison group, or critiqued the
certainty of evidence across studies. To our knowledge, this
is the first systematic review and meta-analysis to explore
the prevalence of oromotor eating difficulties and behavioral
eating challenges among children born preterm, as well as the
first to compare with term-born peers.

Early food and eating experiences have a powerful
influence on food preferences, including interactions with
others (7, 8). The current food parenting guidance is based
on term-born children and, as such, may not be sufficient
or appropriate for families with a child born preterm.
When problematic behaviors and poor dietary intake recur
without support or intervention, restrictive preferences and
maladaptive habits become entrenched. The impact of eating
and feeding challenges on preterm children’s dietary patterns
or nutritional status during the early years is relatively
unknown (9, 10). As such, it can also be difficult for
clinicians to determine whether parental concerns regarding
preterm children’s feeding/eating are truly problematic or,
rather, reflective of the typical development of children’s
eating behaviors and food preferences (7, 11). Given that
children born preterm experience higher rates of adiposity
and chronic disease during young adulthood than their term-
born peers (12), understanding the eating behaviors, food
parenting practices, and dietary patterns of these children
is crucial to supporting their long-term health. Elucidating
whether the eating and feeding challenges experienced by
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preterm infants are unique will help create tailored antici-
patory guidance and nutritional supports for this vulnerable
population.

We aimed to describe the oromotor eating skills (e.g.,
chewing, swallowing), eating behaviors (e.g., food neopho-
bia), food parenting practices (e.g., pressure to eat), and
dietary patterns of preterm children during late infancy (6–
12 mo) and early childhood (>12 mo–7 y) and to determine
whether these differed from those of children born at term.
For clarification, throughout this review, “eating” refers to
the child’s actions and behaviors, whereas “feeding” refers to
those of the parent.

Methods
We conducted a systematic review and meta-analyses ac-
cording to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines (13);
protocol registration can be found on the International
Prospective Register of Systematic Reviews (PROSPERO;
CRD42020176063).

Eligibility and literature search
We outlined our eligibility criteria using the Participants,
Intervention (or Exposure), Comparator, Outcomes, Study
Design (PICOS) format (Table 1). We formulated our
PICOS statement a priori before systematically searching
the electronic databases Medline, Embase, and PsycINFO
(OVID); Cochrane (Wiley); CINAHL (EBSCO); and Scopus
(Elsevier) using subject headings specific to each database
and keywords on 22 April, 2020, with support from a research
librarian (QM). We also searched the gray literature using
Google Advanced Search, ProQuest Dissertation and Theses
Global, and the clinicaltrials.gov registry (14). We updated all
searches on 16 September, 2021. Search terms were related
to 1) oromotor eating skills (e.g., eating skill, oromotor) and
eating behaviors (e.g., food refusal, food neophobia), 2) food
parenting (e.g., parent–child interactions, pressure to eat),
3) dietary patterns (e.g., diet quality), and 4) prematurity
or low birth weight. The full Embase search is available in
Supplemental Table 1 (See Supplemental Methods). After
completing our initial screening, we reviewed the reference
lists of all eligible studies to identify additional publications
for inclusion.

Outcomes
Oromotor eating skills and eating behaviors.
Oromotor eating skills refer to the movement, strength, and
coordination of the jaw, tongue, lips, and cheeks. These
skills lay the foundation for eating-related tasks, including
sucking, chewing, and swallowing. Oromotor eating diffi-
culties among children may include chewing, swallowing or
gagging concerns, excessive drooling, oral sensitivity, and
avoidance of particular food textures (5). Eating behaviors
refer to how one eats. During late infancy and early childhood
examples include food responsiveness, emotional under-
or-over-eating, enjoyment of food, desire to drink, satiety
responsiveness, slowness in eating, food fussiness, food
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TABLE 1 PICOS criteria for inclusion and exclusion of studies examining the oromotor eating skills and eating
behaviors, food parenting, and dietary patterns of children born preterm between the ages of 6 mo and 7 y

Criteria Definition

Participants Infants and children born preterm (<37 weeks of gestation) and aged 6 mo postnatal or
corrected age to 7 y at the time of data collection

Intervention (or Exposure) Preterm birth
Comparator Full-term birth (>37 weeks of gestation), excluding those born small for gestational age
Outcomes (eligible studies

had to examine ≥1)
Oromotor eating skills (e.g., chewing and swallowing) and Eating behaviors (e.g., food refusal,

food neophobia)
Food parenting (e.g., parent–child interactions, pressure to eat)
Dietary patterns (e.g., diet quality)

Study design Observational studies and intervention trials were included. Case studies, review articles and
commentaries, studies that focused solely on children born full-term but small for
gestational age, and studies examining nutrient intakes provided by mother’s milk, donor
human milk, or infant formula were excluded. We did not include any search restrictions
related to publication language or date

neophobia, or food selectivity (15). Eating behaviors may be
disruptive (e.g., tantrums, food refusal, throwing or pushing
food away) or undesirable, like extended bottle use past the
age of 2 y.

Food parenting.
This encompasses parents’ knowledge, experiences, emo-
tions, and responsivity related to feeding their child as well
as behavioral strategies to influence what, how much, or
whether their child eats (16, 17). For the current review,
we explored parental concern and emotions during feeding,
specific feeding practices, and parent–child interactions
during mealtimes. Examples of feeding practices include
coercive food parenting (e.g., pressuring a child to eat,
restricting intake of or access to specific foods or food groups,
using food as a reward for eating or behavioral control) and
noncoercive food parenting (e.g., modeling and monitoring
of intake, positive commenting, age-appropriate nutrition
education, offering a variety of foods, frequent family meals).

Dietary patterns.
According to the Dietary Guidelines for Americans 2020–
2025, a dietary pattern refers to the entirety of what
individuals habitually eat and drink (18). The components
of the pattern act synergistically to affect health (18). For
this review, we chose to focus on aspects of dietary patterns
pertinent to infants and young children, including human
milk (mother’s own or donor human milk) feeding duration
and exclusivity, age at introduction to solid foods, food group
consumption, and overall diet quality. The composition of
human milk (e.g., macro- and micronutrients in mother’s
milk or human donor milk) fed to infants born preterm was
outside the scope of this review.

Data management and extraction
Using Covidence online software (19), 2 independent review-
ers (KW and AID) screened articles for inclusion based first
on titles and abstracts, followed by a full-text review. Reasons

for excluding articles were documented and discrepancies
between reviewers resolved in all instances.

Using a data extraction sheet created in the Research
Electronic Data Capture (REDCap) software (20), the
2 reviewers independently extracted data from eligible
studies including publication year; country; study setting
(i.e., hospital, community, home); study design (i.e., cross-
sectional, prospective cohort, retrospective cohort, other);
sample size; child age; gestational age at birth; birth weight;
sex; relationship of caregiver to child; and results related
to child oromotor eating skills and eating behaviors, food
parenting, and dietary patterns and details of how these data
were obtained (e.g., direct observation, parental report, 24-
h dietary recall). In articles with a term-born comparison,
data were reported separately for preterm and term-born
children. After reviewing for accuracy, extracted data from
the 2 reviewers were combined.

Statistical analysis
We analyzed data in Stata version 16 (StataCorp LP).
We conducted 3 different random-effects meta-analyses of
proportions using metaprop and a maximum likelihood (ML)
estimator to explore the prevalence of oromotor eating diffi-
culties and eating behavior challenges among children born
preterm in studies that examined 1) only oromotor eating
difficulties; 2) only eating behavior challenges; or 3) any
eating challenge, not specified (articles that did not differen-
tiate oromotor difficulties and behavioral eating challenges)
within the age categories 6–12 mo and >12 mo–7 y. Percent-
ages and 95% CIs are displayed to represent the prevalence
for each meta-analysis of proportions. We also conducted
random-effects meta-analysis using a restricted maximum
likelihood (REML) random-effects model to evaluate the
odds of eating problems in children born preterm compared
with those born at term. The ORs and 95% CIs are presented.
We used random-effects models because they assume that
study effect sizes differ and that the studies included represent
a random sample from a larger set of studies (i.e., a
population of studies). We estimated statistical heterogeneity
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based on I2 and considered values of 25%, 50%, and 75% as
low, moderate, and high heterogeneity, respectively (21).

In prospective studies with 2 measurement points within
the same age group (e.g., 6 and 8 mo corrected age), we used
the earlier time point to allow for maximum sample size. We
excluded articles with children that spanned the 2 age groups
and could not be disaggregated (n = 3) (22–24). We also
excluded studies from the meta-analysis that did not report
prevalence of challenges, or where prevalence could not be
discerned (n = 12) (25–36).

Risk of bias and certainty of evidence assessment
We utilized the Newcastle-Ottawa Scale (NOS) for non-
randomized analyses (37) to assess the risk of bias of
each eligible study. Two independent reviewers (KW and
AID) achieved consensus 100% of the time. In our NOS-
guided review, the following features of each study were
assessed: representativeness of the study sample; method by
which preterm birth was confirmed; how outcomes were
assessed (e.g., blind independent observer, parental report);
adequacy of cohort follow-up (e.g., study retention); and
the comparability of the study (37). For the comparability
category (whether individual studies adjusted for similar
important confounding variables), we decided a priori to
award 2 points to studies adjusting for parental educational
attainment, family income (or a composite of socioeconomic
status), parental weight status, gestational age and/or birth
weight, and child sex, and 1 point to studies that adjusted
for ≥4 other covariates (37). For our review, a sufficient
follow-up period to observe our outcomes of interest was
not required, and in cohort studies, feeding problems may
have been present at the start of the study. Thus, we adapted
the NOS such that scores for case-control studies ranged
from 0 to 9 and for cohort studies from 0 to 7, with
scores ≥7 and ≥5 indicating low risk of bias, respectively
(37).

We assessed the certainty of evidence across studies
included in the respective meta-analyses (as opposed to
at the individual study level) using the Grading of Rec-
ommendations, Assessment, Development and Evaluation
(GRADE) approach (38). Evidence started at moderate qual-
ity because of the observational nature of studies included
in this systematic review, and was downgraded based on the
following 4 GRADE criteria: 1) risk of bias of individual
studies included in the meta-analysis (study design or failing
to blind birth groups for analysis could affect rating); 2)
inconsistency (unexplained statistical heterogeneity in meta-
analysis results); 3) indirectness [not using validated tools
or assessments or failing to distinguish between types of
eating problems (oromotor compared with behavioral)]; and
4) imprecision (wide CIs around the estimates or ORs in
meta-analysis). An overall score for each outcome (high,
moderate, low, or very low) was determined by considering
certainty across all GRADE criteria (38).

Results
Our search of 6 electronic databases, the gray literature, and
reference lists identified 6221 abstracts after the removal of
duplicates (Figure 1). We examined the eligibility of 232
full-text articles. In cases where we could not locate full-text
articles (n = 4), we attempted to contact the corresponding
authors but did not receive any responses. Of the full texts
reviewed, 67 articles reporting on 57 unique studies met
our inclusion criteria for this systematic review (Table 2); in
10 cases, articles (i.e., published manuscripts) originated
from the same study sample but reported on different
outcomes. Supplemental Table 2 provides relevant results
from each article. These 57 unique studies reported on a total
of 11,728 children born preterm, with mean gestational age
at birth ranging from 25.9 to 36.6 wk and mean birth weight
ranging from 453 to 2526 g. Fifteen articles (22% of articles;
n = 13 unique studies) reported exclusively on children born
preterm and VLBW. Twenty-six articles (39%) provided data
on infants between 6 and 12 mo of age, 28 (42%) on children
>12 mo–7 y of age, and 13 (19%) spanned both age groups.
Few articles included data on children older than 2 y of age
(n = 14; 21%). Where articles included information on who
the caregiver was (n = 60, 90%), most identified the child’s
mother as the caregiver.

Thirty-four of the 67 articles (51% of articles; n = 30
unique studies) included a term-born comparison group.
These studies reported on a total of 40,257 children born at
≥37 weeks of gestation, with mean birth weight >3000 g. Of
the articles with a term-born comparison group, 19 (56%)
were prospective cohorts, 13 (38%) cross-sectional, and 2
(6%) retrospective cohorts.

Based on the available studies, we conducted our meta-
analysis with articles that provided data on children’s oromo-
tor eating skills and eating behaviors. The methodology and
outcomes of studies examining food parenting and dietary
patterns were highly varied and were thus only discussed
narratively.

Oromotor eating skills and eating behaviors
We included 32 articles (28 unique studies) in our meta-
analysis of children’s oromotor eating skills and eating
behaviors (Figure 1). The majority (n = 21, 66%) of these
articles were based on caregiver report (survey or interview)
to quantify eating skills and behaviors. Next, we discuss our
findings related to oromotor eating difficulties and eating
behavior challenges.

Oromotor eating difficulties.
Twenty-two articles (20 unique studies) were included in
our exploration of oromotor eating difficulties. Areas of
oromotor concern identified among infants included coor-
dination of the suck-swallow-breathe pattern, lip, and jaw
movements; coughing while eating purees; and difficulties
self-feeding (e.g., coordinating utensils with the lips and
mouth, particularly with pureed foods) (70, 75). Among
children, common challenges included food loss/dribbling
and coughing or gagging (5, 45, 66).

878 Walton et al.



1 of 3

Dietary patterns:p

(

( )

( )
)

FIGURE 1 Systematic review study selection process to examine the oromotor skills, eating behaviors, food parenting, and dietary
patterns of children born preterm compared with term-born peers.
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FIGURE 2 Prevalence of oromotor eating difficulties among infants and children born preterm. Random-effects meta-analysis of
proportions using a maximum likelihood estimator. Results are expressed as prevalence (95% CI). The weighting for each study is the
inverse of the total variance. I2 = the percentage of variation across studies that is due to heterogeneity rather than chance. Values of 25%,
50%, and 75% were considered as low, moderate, and high heterogeneity, respectively.

Pooled results showed that 34% (95% CI: 27%, 40%)
(Figure 2) of children born preterm experienced oromotor
eating difficulties between 6 mo and 7 y of life. Among
infants aged 6–12 mo, 43% (95% CI: 24%, 62%) exhibited
an oromotor eating difficulty. The prevalence decreased
among children >12 mo–7 y old with 25% (95% CI:
17%, 33%) experiencing oromotor eating difficulties. The
heterogeneity between studies was high (I2 values > 97%) in
both subgroups.

Compared with term-born counterparts (Figure 3), chil-
dren born preterm were 2.86 times more likely to experience
oromotor eating difficulties between the ages of 6 mo and
7 y (OR: 2.86; 95% CI: 1.71, 4.77; I2 = 67.8%). Findings were
generally consistent between both age groups. Heterogeneity
between studies was moderate to high (I2 values ranging
from 67% to 70%). Among articles that were excluded from
the meta-analysis because prevalence of oromotor eating

difficulties was not reported (n = 4), all suggested that
children born preterm had significantly worse oromotor
eating skills than children born at term across both age
groups (26, 29, 31, 36).

Eating behavior challenges.
We included 8 articles (7 unique studies) in our meta-analysis
of eating behavior challenges. Eighteen percent (95% CI:
12%, 24%) (Figure 4) of children born preterm exhibited
eating behavior challenges in the early years, such as picky
eating, food refusal, or tantrums during meals; however,
heterogeneity between studies was high (I2 values >92%).
These estimates were consistent between the 2 age groups.

In comparison with term-born peers, results showed that
those born preterm were 1.5 times more likely to present
with challenging eating behaviors (OR: 1.52; 95% CI: 1.11,
2.10; I2 = 0.0%), with homogeneity between individual
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FIGURE 3 Odds of oromotor eating difficulties: comparison of infants and children born preterm and at term. Random-effects
meta-analysis using a REML model. Results are presented as ORs (95% CIs). The weighting for each study is the inverse of the total
variance. I2 = the percentage of variation across studies that is due to heterogeneity rather than chance. Values of 25%, 50%, and 75%
were considered as low, moderate, and high heterogeneity, respectively. REML, restricted maximum likelihood.

studies (Figure 5). Only 1 study of infants compared
the odds of eating behavior challenges among those born
preterm with term-born peers. Results showed no significant
difference between the groups. Among children, results
were similar to the pooled estimate. Nine studies presented
mean differences, rather than prevalence of eating behavior
challenges. Six articles spanning both age groups reported
that children born preterm had significantly higher eating
behavior challenge scores than term-born peers, indicating
more eating behavior challenges such as food refusal and
tantrums (27, 28, 31, 34, 35, 70), and 3 found no significant
differences (25, 30, 33).

Any eating challenge, not specified.
We included 12 articles (11 unique studies) in our analysis
that reported on any eating challenge (i.e., studies that
did not differentiate between oromotor or eating behavior
challenges). Results showed that, overall, 28% (95% CI: 21%,
35%) of those born preterm experienced eating challenges
during the early years, although heterogeneity between
studies in all groups was high (I2 values >93%) (Figure 6).

Subgroup analyses showed that 34% (95% CI: 11%, 56%)
of infants and 26% (95% CI: 18%, 34%) of children born
preterm experienced some type of eating challenge.

In comparison with term-born peers, those born preterm
were nearly 1.7 times more likely (OR: 1.68; 95% CI: 1.25,
2.26; I2 = 50.7%) to exhibit some type of eating challenge
(Figure 7). Results were similar in subgroup analyses;
however, only 1 article reported on any eating challenges
among infants. Two articles presented mean differences,
rather than prevalence, of any type of eating challenge
experienced by those born preterm and at term. One study
spanning both age groups reported that preterm children
experienced significantly more eating challenges than those
born at term (31). The other study, conducted among
children at 18 mo of age, reported no statistically significant
differences (32).

Results suggest that children born preterm commonly
experienced difficulties with oromotor eating skills and
eating behaviors across the early developmental years, and
more frequently than term-born peers. The findings related
to behavior lacked consistency.
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FIGURE 4 Prevalence of eating behavior challenges among infants and children born preterm. Random-effects meta-analysis of
proportions using a maximum likelihood estimator. Results are expressed as prevalence (95% CI). The weighting for each study is the
inverse of the total variance. I2 = the percentage of variation across studies that is due to heterogeneity rather than chance. Values of 25%,
50%, and 75% were considered as low, moderate, and high, respectively.

Food parenting
Nineteen articles (17 unique studies) reported on food
parenting. Nine articles were based on parental report of
feeding, 7 articles used direct observation, and 3 used a
mixed-methods approach. In most articles (n = 13; 68%),
“parent” referred to the child’s mother. Table 3 provides a
narrative summary of findings related to parental concern
and emotions during feeding, specific feeding practices,
and parent–child interactions during mealtimes. Results
suggested mothers of children born preterm had significant
concerns about their children’s eating, experienced nega-
tive emotions, and used coercive feeding practices during
mealtimes, which in many cases contextualized negative
feeding interactions overall. When compared with term-born
mother–child dyads, these food parenting factors seemed to
be more frequently reported as more severe among preterm-
born mother–child dyads.

Dietary patterns
Twenty-four articles (23 unique studies) explored the dietary
patterns of those born preterm. Almost all articles relied on
parent report using nonstandardized methods to assess di-
etary patterns. Table 4 summarizes results related to human

milk feeding duration and exclusivity, age at introduction
to solids, food group consumption, and overall diet quality.
Results suggested that infants and children born preterm
were not meeting nutritional recommendations and that
their dietary patterns were poorer than for those born at
term.

Risk of bias and certainty of evidence assessment
Risk of bias assessed by the NOS suggested that 0 of 14
articles from case-control studies and 10 of 53 articles from
cohort studies had low risk of bias (Supplemental Table
3). Limitations included recruiting only children presenting
to a feeding clinic, using nonstandardized or unvalidated
assessments for outcomes of interest, not controlling for
clinically important covariates, follow-up rates <80% in
prospective cohorts, and failing to blind assessors to birth
groups in studies with a term-born comparison group.

Our GRADE assessment (38) indicated that both the
proportion of infants and children born preterm with
oromotor eating difficulties and eating behavior challenges
and the odds of children born preterm experiencing such
problems compared with term-born peers are based on very-
low-quality evidence (Supplemental Table 4). Individual
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FIGURE 5 Odds of eating behavior challenges: comparison of infants and children born preterm and at term. Random-effects
meta-analysis using a REML model. Results are presented as ORs (95% CIs). The weighting for each study is the inverse of the total
variance. I2 = the percentage of variation across studies that is due to heterogeneity rather than chance. Values of 25%, 50%, and 75%
were considered as low, moderate, and high heterogeneity, respectively. REML, restricted maximum likelihood.

study risk of bias was serious or very serious for all outcomes.
Where we could compute I2 values, we found a substantial
amount of unexplained statistical heterogeneity, leading to
a downgrade in the certainty of evidence. Other concerns
included a large proportion of studies using nonstandard-
ized questionnaires to quantify eating challenges, different
methodologies for assessing behavioral eating challenges,
and individual studies not distinguishing between types of
eating challenges (oromotor compared with behavioral).

Discussion
This systematic review and meta-analysis revealed that
infants born preterm continue to experience high rates of
oromotor eating difficulties and behavioral eating challenges
throughout the early developmental years. Although it was
not possible to conduct meta-analyses examining food
parenting practices or dietary patterns owing to the small
number of studies and heterogeneity of outcome assessment,
our narrative review of the literature showed that mealtimes
with preterm children are characterized by parental anxi-
ety and coercive, negative feeding interactions. Consistent
with these findings, we also found the dietary patterns of
children born preterm to be poor and often falling short of
recommendations. Overall, we found a higher incidence of
eating, feeding, and dietary challenges among children born

preterm than among those born at term. To our knowledge,
this is the first systematic review and meta-analysis to explore
the prevalence of oromotor eating difficulties and behavioral
eating challenges among children born preterm, as well as the
first to compare with term-born peers. Further, this was the
first systematic review we know of to consider the context in
which children born preterm are fed (food parenting) and
associated dietary patterns.

Our meta-analysis found that children born preterm
experienced high rates of oromotor eating difficulties during
late infancy and throughout childhood (34%) and had 2.86
times the odds (95% CI: 1.71, 4.77) of experiencing such
difficulties compared with term-born peers, although the
quality of evidence was found to be very low. The Amer-
ican Academy of Pediatrics’ (AAP’s) Textbook of Pediatric
Care suggests that those with cardiorespiratory or chronic
lung disease, neurologic impairments, repeated intubations,
extended tube feeding, and severe reflux are at highest risk
of feeding problems (87). This guidance is general, however,
and does not focus on types of eating challenges. Our
research has real-world implications for NICU follow-up
care, in that it highlights the prevalence of oromotor eating
difficulties in children born preterm. Our findings lay the
groundwork for future research to determine what should be
screened at critical points in time, including coordination of
the suck-swallow-breathe pattern, lip, and jaw movements;
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FIGURE 6 Prevalence of any eating challenge, not specified among infants and children born preterm. Any eating challenge refers to
articles that did not differentiate between oromotor eating difficulties or eating behavior challenges. Random-effects meta-analysis of
proportions using a maximum likelihood estimator. Results are expressed as prevalence (95% CIs). The weighting for each study is the
inverse of the total variance. I2 = the percentage of variation across studies that is due to heterogeneity rather than chance. Values of 25%,
50%, and 75% were considered as low, moderate, and high heterogeneity, respectively.

coughing while eating purees; difficulties self-feeding (e.g.,
coordinating utensils with the lips and mouth); and coughing
or gagging. Our findings also revealed that the prevalence
of oromotor eating difficulties likely drops as children age,
suggesting that all children learn to eat. Those born preterm
appear to take longer to master the skills necessary for
successful oral eating, which would require more support to
earlier close this gap between them and peers and to ensure
difficulties do not persist. This information has bearing on
clinician education practices, because it emphasizes specific
areas for surveillance and oral sensorimotor intervention
in this population. Future research utilizing standardized
assessments will be beneficial in identifying those at highest
risk as well as the specific eating challenges experienced.

Our meta-analysis found that 18% of those born preterm
experienced eating behavior challenges such as food refusal
or tantrums during mealtimes during the developmental
years and children born preterm had 1.5 times higher odds
(OR: 1.52; 95% CI: 1.11, 2.10) of such difficulties than term-
born peers, although the quality of the evidence was very low.

This highlights the need to specifically consider the impact of
birth gestation on the development of eating habits among
children and warrants future exploration into strategies to
both prevent and reduce challenging mealtime behaviors
given the unique challenges this vulnerable population may
experience. In the only other meta-analysis known to explore
eating behaviors among preterm children, Pados et al. (6)
estimated the prevalence of “problematic feeding” to be 42%
among preterm children <4 y of age; a comparison with
term-born peers was not conducted. Notably, Pados et al.
(6) did not differentiate between eating challenges (oromotor
compared with behavioral). By contrast, our results looking
at “any eating challenge” found 28% of children born preterm
experienced some type of oromotor eating difficulty or
behavioral eating challenge. Reasons for these differences
in estimates are likely attributable to definition differences
and methods, because our review used a more exhaustive
literature review. Consistently defining eating challenges
and differentiating between concerns will be an important
step in advancing both research and clinical practice (88).
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FIGURE 7 Odds of any eating challenge, not specified: comparison of infants and children born preterm and at term. Any eating
challenge refers to studies that did not differentiate between oromotor eating difficulties or eating behavior challenges. Random-effects
meta-analysis using a REML model. Results are presented as ORs (95% CIs). The weighting for each study is the inverse of the total
variance. I2 = the percentage of variation across studies that is due to heterogeneity rather than chance. Values of 25%, 50%, and 75%
were considered as low, moderate, and high heterogeneity, respectively. REML, restricted maximum likelihood.

Importantly, most studies included in our review were based
on parental report of child eating behaviors. Parent report
is susceptible to bias, and many of the behaviors parents
consider challenging are developmentally appropriate (e.g.,
initial food refusal as children discern preferences for
flavor and textures) (7, 89). Future research should utilize
observational methods to elucidate the extent and severity of
challenging eating behaviors among children born preterm.

We found that mothers of preterm infants expressed more
concern, experienced heightened anxiety, and presented
with more coercive and negative interactions while feeding
compared with term mother–child dyads. Considering the
likely stress experienced when giving birth to a child
preterm, there is significant potential for sustained impact
on parental mental health and parent–child attachment,
and an overall negative outlook on a child’s health and
developmental outcomes in the parent (60). Indeed, from
a bidirectional perspective, early child oromotor eating
difficulty and lower infant engagement likely reinforce stress

and negative feelings about feeding. Heightened negative
parental expectations may then influence specific feeding
practices (e.g., pressure to eat due to concerns about
weight) and, in turn, influence child outcomes, perpetuating
the cycle. Our narrative review also showed that parental
concerns (e.g., choking) may delay introduction to solids and
texture progression, inadvertently contributing to further
oromotor difficulties (49, 63). However, positive parent–
child interactions may be protective against eating challenges
(28). Future research and intervention initiatives should
focus on positive parent–child relationships as children learn
to eat and as parents learn to feed to help children born
preterm meet oromotor milestones and reduce challenging
mealtime interactions. Although the AAP’s Textbook of
Pediatric Care highlights including evaluations of parent–
child interaction as part of ongoing surveillance for preterm
infants, no guidance for supporting families is provided, nor
is the association between feeding outcomes and nutrition
discussed (87). Further research is crucial for informing
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TABLE 3 Summary of food parenting results1

Food parenting subtheme Findings for infants and children born preterm2 Term-born comparison3

Parental concern and emotions
during feeding: 9 articles, 9
unique studies (5, 8, 23, 48,
49, 52, 59, 70, 86)

� 6 of 9 articles suggested parents had
significant concerns about their child’s eating
behaviors and skills or dietary patterns (e.g.,
frequency of eating, range and quality of
foods, amount of junk food) (5, 8, 48, 59,
70, 86).

� 5 of 9 articles reported parents expressed
feelings of “stress,” “anger,” “frustration,” “less
enjoyment,” and “difficulty” during mealtimes
(8, 23, 49, 52, 59).

� Infants’ early feeding skills and medical course
may have affected parents’ concerns and
emotions toward feeding (5, 52, 59).

� 4 of 9 articles included a term-born
comparison group.

� 2 articles (5, 86) reported parents of preterm
children to have significantly greater or more
frequent concerns about their child’s eating
than parents of term-born children and the
other 2 reported no significant differences
(8, 70).

Specific feeding practices: 5
articles, 5 unique studies (8,
61, 70, 79, 85)

� Parents of preterm infants seemed more
involved during feeding than during
nonfeeding interactions (61), but infant
eating difficulties need to be considered.
Mothers of infants with eating difficulties
were reportedly more intrusive (85).

� 1 article found concern for preschoolers’
weight was not associated with
cross-sectionally reported feeding practices
(e.g., pressure to eat) (79).

� 2 of 5 articles included a term-born
comparison (8, 70).

� Parents of preterm children in both articles
reportedly used suboptimal feeding practices
more often than term parents including:

◦ less mealtime structure (i.e., not at table);
◦ food as a reward for eating or behavior

control;
◦ deciding how much child should eat

(less child autonomy).

Parent–child interactions
during mealtimes: 10
articles, 8 unique studies (25,
33–36, 61, 76, 77, 85, 86)

� All 10 articles used direct observation of
feeding interactions; 1 was conducted
among children >12 mo of age.

� Feeding interactions were bidirectional.
Mothers of difficult feeders were more
intrusive, and infants were less involved and
more withdrawn during feeding at 12 mo
(85).

� 1 article showed individual and family-level
factors seemed to influence interactions.
Mothers experiencing depressive symptoms
and those living in poverty were more
negative and intrusive during feeding (77).

� 1 article demonstrated preterm birth
indirectly predicted difficult meal interactions
through maternal distress and concerns
about the child’s eating and vulnerability at
6 mo CA. Eating concerns predicted less
mealtime reciprocity (e.g., synchrony) at
12 mo CA, and perceptions of vulnerability
predicted more meal conflict (86).

� 6 of 10 articles included a term-born
comparison (25, 33–36, 86).

� Differences in responsive feeding between
birth groups were found to increase over
time. Maternal responsiveness was not found
to differ between birth groups at 6–12 mo
(25, 33, 36, 86). At 18–24 mo of age, 1 study
suggested less dyadic reciprocity among
preterm dyads than among term dyads (34).

� Term-born infants were reportedly more
responsive to their mothers and clearer in
their eating cues than preterm infants, with
differences increasing over the first 12 mo of
life (35).

� 2 of 10 articles reported parents of preterm
children display more negative affect (e.g.,
irritation, intrusiveness) during feeding than
term-born mothers (33, 34).

1n = 19 articles, 17 unique studies. CA, corrected age.
2Summary of results for all articles reporting on food parenting (articles with and without a term-born comparison group), highlighting findings relevant to preterm
infants/children only.
3Summary of results for articles reporting on food parenting that included a term-born comparison group, highlighting birth group comparisons (preterm compared with term)
only.

and updating these guidelines to educate clinicians and in
turn, to support these children and their families. Updates
may include information on oromotor eating milestones
and best practices for child feeding, as well as anticipatory
feeding guidance for families. Importantly, only 1 study
in our review examined parent–child interactions among
children older than 12 mo of age. Given that we found the
prevalence of challenging eating behaviors to be high in
this age group, future research should explore parent–child

mealtime interactions of children, and not just infants, born
preterm.

Our narrative review suggested that the dietary patterns
of children born preterm were poor from late infancy
throughout early childhood; this finding is not surprising
given the high prevalence of both oromotor eating difficulties
and eating behavior challenges found. Low human milk
feeding initiation, duration, and exclusivity are multifactorial
but are likely due in part to early oromotor eating difficulties,
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TABLE 4 Summary of dietary patterns results1

Dietary pattern subtheme Findings for infants and children born preterm2 Term-born comparison3

Human milk feeding duration
and exclusivity: 10 articles,
10 unique studies (9, 22, 44,
54, 56, 58, 64, 68, 78, 86)

� Breastfeeding duration and exclusivity were
reportedly short (64, 78). No articles
examined human milk feeding after 12 mo.

� The percentage of preterm infants who
received any human milk at 6 mo CA (9, 44,
68) or postnatal age (54, 56) ranged from 10%
to 60%.

� The prevalence of exclusive human milk
feeding until 6 mo CA ranged from 6%
among a VLBW cohort (9) to 44.7% among
preterm infants in general (22).

� By 12 mo postnatal age, the prevalence of
receiving any mother’s milk ranged from 0%
among infants born weighing <1800 g (58)
to 21% among preterm infants in general (54).

� 5 of 10 articles included a term-born
comparison.

� 4 of 5 articles reported fewer preterm infants
received exclusive or partial mother’s milk at 6
(44, 56, 58) and 12 mo of age (56). Only 1
article reported a similar duration between
birth groups (86).

Age at introduction to solids:
11 articles, 11 unique studies
(8, 9, 23, 29, 46, 55, 59, 63, 66,
78, 84)

� 9 of 11 articles found that infants started
eating solid foods before the recommended
6 mo CA (8, 9, 23, 29, 55, 63, 66, 78, 84).
Introduction to solids usually occurred
between 4 and 6 mo CA, but could take place
as early as 2 mo CA (55) and 3.5 mo postnatal
age (8).

� 1 article showed no difference in the age at
which solids were introduced between
preterm infants categorized as normal vs.
dysfunctional feeders in the NICU (59).

� 2 articles reported slowed or delayed
progression through textures (55, 63).

� 4 of 11 articles included a term-born
comparison.

� 2 articles reported that those born preterm
were introduced to solid foods earlier than
term-born peers (8, 66); 1 article reported no
statistical difference between birth groups
(46).

� The only article reporting that preterm infants
started solid foods later than term-born
infants did not correct for birth gestation (29).

Solid food group consumption
and overall diet quality: 7
articles, 7 unique studies (27,
30, 51, 57, 64, 72, 78)

� 2 of 7 articles explored diet quality and
reported the overall diet quality of infants and
children to be poor (57, 78).

� 1 article reported exclusive human milk
feeding among preterm infants to be
positively associated with dietary variety and
inversely associated with sweets
consumption among 1- to 3-y-olds (64).

� 1 article reported that vitamin and mineral
supplements were often given
inappropriately based on children’s diets (72).

� 3 of 7 articles included a term-born
comparison.

� 2 of 3 articles found differences in dietary
intake including less fruit, cereals, and
prepared dishes; less overall variety within
each food group; and more cow milk and
potatoes (30), as well as more sugar (51),
among those born preterm; 1 article found no
dietary differences between birth groups (27).

1n = 24 articles, 23 unique studies. CA, corrected age; NICU, neonatal intensive care unit; VLBW, very low birth weight (<1500 g).
2Summary of results for all articles reporting on dietary patterns (articles with and without a term-born comparison group), highlighting findings relevant to preterm
infants/children only.
3Summary of results for articles reporting on dietary patterns that included a term-born comparison group, highlighting birth group comparisons (preterm compared with term)
only.

parental frustration, and anxiety over child growth and
development. Similarly, early introduction to solid foods may
be due to parental concern over child growth. Findings from
Francis et al. (9) highlight low adherence to infant feeding
recommendations overall and underscore the importance
of including nutrition as a focus in neonatal follow-up.
Few studies have explored the dietary patterns of children
born preterm. Still, our results showed inadequate dietary
patterns present in infants born preterm persist throughout
childhood and may be worse than those of term-born
peers. Although not included in this review owing to our
age restriction, limited research suggests that inadequate
dietary intake among children born preterm tracks into
young adulthood (90, 91). Infants born preterm are at
high risk of metabolic disturbances and chronic disease in

adulthood (12). Thus, providing parents of preterm infants
with anticipatory guidance and support to promote healthy
dietary patterns is essential, focusing on improving children’s
eating and parents’ feeding.

Limitations
Despite many strengths, this systematic review has limi-
tations to consider. First, most individual articles (84%)
were deemed to have a high risk of bias and the certainty
of evidence for our meta-analysis of oromotor eating dif-
ficulties and eating behavior challenges was deemed very
low. Second, several articles did not differentiate between
oromotor or eating behavior challenges. It is imperative
that future research clearly and consistently defines eating
difficulties. A consensus statement was recently published
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presenting a comprehensive definition of pediatric feeding
disorders (88). Like our study, this definition explores feeding
skills, psychosocial factors (including parent–child interac-
tions), and nutritional factors separately. Consistent language
will help identify those most at risk and create tailored
interventions to support the healthy development of eating
habits among the vulnerable preterm population. Third,
owing to the limited number of and heterogeneity among
studies, we narratively reviewed the literature on food
parenting and dietary patterns. Fourth, most articles utilized
maternal report, which is susceptible to bias. Focusing
solely on the maternal perspective is not reflective of a
typical home environment because mothers are not the
only caregivers engaging in child feeding. Finally, it is also
possible that differences found between those born preterm
and their term-born peers may be attributed to sociodemo-
graphic disparities. At an individual article level, however,
many matched their birth groups on sociodemographic
characteristics, used random sampling to recruit term-born
comparisons, or used similar inclusion and exclusion criteria
to assess eligibility for each group. Future research should use
rigorous recruitment and matching methods to enroll term-
born comparison groups.

Conclusions
Our results demonstrate higher rates of oromotor difficulties
and behavioral eating challenges during late infancy and early
childhood among children born preterm than among their
term-born peers. However, the certainty of this evidence
is very low. Based on narrative review, children born
preterm seemed to experience more coercive and negative
feeding interactions with caregivers, and these interactions
are associated with high rates of maternal anxiety. We also
narratively observed poorer dietary patterns among preterm
children including low human milk feeding duration and
exclusivity, early introduction to solids, and poor diet quality.
Poor dietary patterns likely contribute to the heightened risk
of presenting with chronic disease in adulthood, thus follow-
ing the nutrition outcomes of this population post–NICU
discharge throughout the developmental years is essential.
Research examining the role of caregiver–child interactions
in eating, feeding, and nutrition/dietary outcomes in this
vulnerable population is needed.
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