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ABSTRACT

This is the first systematic review to examine the global prevalence of catch-up growth (CUG) in small for gestational age (SGA) infants who were
born at full term (FT). Size at birth and subsequent growth is an important indicator of neonatal and adult health. Globally, 16% of infants are SGA
at birth, ranging from 7% in industrialized countries to 41.5% in South Asia. SGA infants are at increased risk for negative developmental and adult
health outcomes. Some achieve CUG but others do not. CUG has immediate and late health implications especially in low- and middle-income
countries. This systematic review sought to determine the global prevalence of CUG among FT-SGA infants. We performed a literature search of
MEDLINE, Pubmed, Embase, Web of Science, and Scopus, as well as grey literature databases, and identified 3137 studies. The final analysis included
11 studies. The median prevalence of CUG was 87.4% across all definitions of SGA and CUG. However, multiple definitions were used to classify
SGA and CUG. Nine unique reference populations were used to classify SGA, and 6 to approximate CUG. Due to this heterogeneity, a meta-analysis
could not be conducted. Program implementation for this vulnerable group of infants is dependent on proper classification. Given the wide range
of definitions and reference standards used in the past, it is not possible to determine the global need for programs to address CUG for FT-SGA
infants or to rationally plan any such programs. We highlight the need and propose standard definitions and references for SGA and CUG. Adv Nutr
2019;10:104–111.
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Introduction
Size at birth is an important indicator of fetal, neonatal, and
adult health. Increased size at birth and the corresponding
reduction in neonatal mortality is frequently an indication of
a country’s improving social and economic status. Globally,
∼16% of all births are small for gestational age (SGA),
ranging from 7% in industrialized countries to 41.5% in
South Asia (1, 2). In 2010, 32.4 million infants (27% of
live births) were born SGA in low- and middle-income
countries (LMICs) of whom 29.7 million were full term (FT-
SGA) (2). The disproportionate burden of SGA in LMICs
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may pose risks for future health outcomes among these
populations.

Multiple classifications are used to identify infants born
with insufficient growth. Historically, low birth weight
(LBW) was the most common classification since it relied
on a simple measurement, weight at birth. Infants born
weighing <2500 g were automatically classified as LBW
regardless of gestational age (3, 4). In utero, growth is
measured indirectly through ultrasound assessments. Where
fetal growth faltering has been identified, infants are classified
as having intrauterine growth retardation; however, these
measurements often lack precision and are not feasible in
many developing countries where prenatal care is sporadic
(3). Some infants weighing slightly >2500 g at birth also
suffer from increased morbidity and mortality (5), and
therefore have specific requirements for neonatal manage-
ment (1). The classification of SGA helps identify infants at
increased risk because it is based on gestational age and size
according to standard sex-based birth-weight-for-gestational
age standards (4). Although various criteria have been used
to identify SGA infants, the following are the most common
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FIGURE 1 PRISMA flow diagram illustrating the flow of number of articles identified, included, and excluded through the different
phases of the systematic review. CUG, catch-up growth; PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses.

definitions: 1) children born below the 10th percentile for
birth weight; or 2) children with a birthweight of <2 SDs be-
low the mean (4). Children can also be further classified into
full-term (37–42 wk) and preterm (<37 wk) gestational ages.

A landmark study by Karlberg et al. (6) in 1995 reported
that 85% of children born SGA eventually reach a normal
height. This finding was adopted by many healthcare orga-
nizations and presented in scientific reviews, leading to the
widespread expectation that 85% of all SGA children catch-
up regardless of predisposing factors (7, 8). However, no
systematic review of the literature has been conducted to
support this claim. Catch-up growth (CUG) is commonly
defined as height velocity above the statistical limits of
normal for age or maturity during a defined period of
time following a period of growth inhibition (7). CUG is
determined retrospectively over a course of months or years
up to adult height. Although this definition is generally
agreed upon, the empirical measurement of CUG has
multiple cut-offs including a change in height-for-age z score
(HAZ) of>0.67, achieving an HAZ of>–2 SD or>1.3 SD, or
growth above the third percentile for height (for age) at any
time during follow-up.

When growth is completed, adult height serves as a proxy
for health and reflects the environment during growth. Some
of the consequences of being born FT-SGA include lower
psychologic and intellectual performance, and increased risk
for precocious puberty, type 2 diabetes, metabolic syndrome,
obesity, and cardiovascular disease (9–12). Given the
developmental risks associated with SGA births, we believe
that there is value in establishing standardized definitions
for SGA and CUG, in addition to universally accepted birth-
weight-for-gestation-age standards and growth standards,
and that these should be be implemented globally. This
systematic review investigates the prevalence of CUG among
FT-SGA newborns.

Methods
We identified studies that described CUG among FT-
SGA infants. Publications were obtained through 5 online
databases: MEDLINE, Pubmed, Embase, Web of Science,
and Scopus. Reference lists were reviewed for additional
publications and a grey literature search was performed
to identify unpublished literature. Duplicate studies were
identified and removed prior to analysis.
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TABLE 1 Details of the included studies1

Author,
publication
year Country

Sample
size
(n)

Study
period

Age
follow-up,
y

Retro/
prospective
study

SGA
definition

SGA
reference

CUG
definition

CUG
reference

CUG as HAZ
or percent

Albertsson et al.,
1994 (13)

Sweden 3,650 1992 0.5–18 R <–2 SD Own study
AGA partic-
ipants

>–2SD Own study
AGA partic-
ipants

HAZ & Percent

Fitzhardinge et
al., 1972 (14)

Canada 96 1960–1966 6 P <3 PCTL Streeter et al.
(15)

>3 PCTL Stuart et al.
(16)

Percent

Itabashi et al.,
2007 (17)

Japan 449 1980–2000 1–5 R <10 PCTL Nishisa et al.
(18)

>–2SD Suwa et al.
(19)

Percent

Kramer et al.,
2014 (20)

Belarus 17,046 1996 11.5 P <10 PCTL Kramer et al.
(21)

≥� 0.67 CDC (22) Percent

Luo et al., 1998
(23)

Sweden 2,815 Not reported 18 R <–2 SD Karlberg et al.
(6)

>–2SD Niklasson et
al. (24)

Percent

Mericq et al., 2005
(25)

Chile 108 Not reported 1, 3 P <5 PCTL Juez et al. (26) ≥� 0.67 Youlton et al.
(27)

HAZ

Perucchin et al.,
2011 (28)

Italy 44 2002, 2004 0.5-2 P <–2 SD Gairdner et al.
(29)

>3 PCTL Unknown HAZ & Percent

Sebastiani et al.,
2015 (30)

Spain 46 2005 3, 6 P <–2 SD Unknown >–2SD Unknown HAZ

Soto et al., 2003
(31)

Chile 108 Not reported 1 P <5 PCTL Juez (26) ≥� 0.67 Youlton et al.
(27)

HAZ & Percent

Toumba et al.,
2005 (32)

Greece 104 1993 0.5-3 P <–2 SD Ogden et al.
(33)

>–2SD CDC (22) Percent

van
Weissenbruch
et al., 2005 (34)

Netherlands 53 1980 9, 12 P <10 PCTL Kloosterman
(35)

>–1.3SD Unknown HAZ

1AGA, appropriate for gestational age; CUG, catch-up growth; HAZ, height-for-age z score; P, prospective study design; PCTL, percentile; R, retrospective study design; SGA, small
for gestational age.

All authors agreed on search terms prior to data collection
to ensure accuracy and relevance. An initial search of
MEDLINE was undertaken followed by a textual analysis

TABLE 2 Characteristics of the included studies (n = 11)1

Study characteristics n %

Study design
Prospective 8 73
Retrospective 3 27

Study period (year)
Before 2000 6 55
After 2000 2 18
Unspecified 3 27

World Bank Income Groups
High Income 10 91
Upper Middle Income 1 9

World Bank Region
Europe and Central Asia 7 64
Latin America and Caribbean 2 18
North America 1 9
East Asia and Pacific 1 9

SGA definition
<–2 HAZ 5 45
<10th percentile 3 27
<5th percentile 2 18
<3rd percentile 1 9

Catch-up growth definition
>–2 HAZ 5 45
�0.67 HAZ change 3 27
>3rd percentile 2 18
>1.3 HAZ 1 9

1HAZ, height-for-age z score; SGA, small for gestational age; �, change in z score.

of publications’ titles, abstracts, and index terms in order
to further refine the appropriateness of search terms. Once
search terms were finalized, we conducted a search based
on the use of all identified search terms across all included
databases until 26 February, 2016 (Supplementary Table
1). Relevant publications were exported and managed in
Endnote citation manager.

The initial search was for infants born SGA, or with fetal
growth retardation. Some keywords used were “small for
gestational age,” “fetal growth retardation,” “SGA infant,”
“SGA newborn,” “small for age,” “small for date,” “con-
genital hypotrophy,” and “intrauterine growth retardation.”
Subsequent searches were used to identify publications that
measured growth patterns during infancy and childhood.
Keywords included: “catch up,” “catch up growth,” “caught
up,” “body height,” “body weight,” and “body size.” Finally,
we refined our search to focus on FT-SGA infants through
the use of the terms “birth full-term,” “birth term,” “full-
term birth,” “term infant,” “term birth,” “term neonate,” and
“term newborn.” Supplementary Table 1 provides a full list of
search terms for each database.

Inclusion criteria
We included prospective and retrospective birth cohort
studies that measured the growth trajectory of healthy,
singleton, FT (between 37–42 wk gestation) SGA newborns.
Studies were required to meet the following criteria: 1) be
written in English; 2) determine SGA based on a birth
weight cut-off; 3) report growth outcomes after birth on ≥1
occasion; 4) report outcomes as length or height in median
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FIGURE 2 Mean CUG reported as a percentage of study sample size by SGA definition, age, CUG definition, and study country. Values on
the x-axis represent percentage CUG. CUG, catch-up growth; PCTL, percentile; SGA, small for gestational age.

HAZs or prevalence; and 5) define SGA and CUG. Countries
of origin and publication date were not limited.

Exclusion criteria
Duplicate studies and review papers were removed prior to
analysis. Separate publications utilizing the same birth cohort
were screened, and the less detailed publication was excluded.
Experimental studies with growth hormone interventions
were also excluded, including cases where measurements
were provided for a control population. Figure 1 provides a
flow diagram that depicts the flow of information through
the different phases of our systematic review. It maps out the
number of records identified, included and excluded, and the
reasons for exclusions.

Two reviewers independently screened titles and ab-
stracts for eligibility with Covidence online review software.
Discrepancies were discussed by the reviewers and final
decisions were agreed upon before proceeding to full-text
screening. Each reviewer screened full texts, and inde-
pendently extracted data from selected publications into
duplicate extraction forms. Extraction forms were designed
a priori based upon the Joanna Briggs Institute—Data
Extraction Form for Prevalence and Incidence Studies,
modified to meet study needs (36). All team members agreed
upon modifications, and the forms were pilot tested by both

reviewers with a small sample of articles (n = 10). Data were
extracted onto the extraction forms independently and then
matched.

Reviewers also completed an in-depth quality assessment
of each study based on the 10 questions from the Critical
Appraisal Checklist for Studies Reporting Prevalence Data by
the Joanna Briggs Institute (Supplementary Table 2) (36).
Any disagreements that arose between the reviewers were
resolved through discussion, or with a third reviewer. No
studies were excluded based upon the quality assessment.

Characterizing SGA and CUG in the included studies
Included studies reported a range of definitions to identify
and to classify SGA infants. SGA was defined as weight at
birth that met the following criteria: 1) <–2 SDs from the
median; 2) less than the 10th percentile birth weight of a
reference; and 3) less than the 5th percentile birth weight
of a reference. Authors also used a wide variety of reference
populations for their SGA definition. Reference populations
for each included study are recorded in the table of included
studies.

Similarly, definitions of CUG varied considerably among
publications. Although birth weight is used to classify SGA
infants, subsequent CUG is measured in length or height.
Among included studies, CUG was defined in 4 different

FIGURE 3 Mean CUG reported as a percentage of study sample size by CUG definition, age, SGA definition, and study country. Values on
the x-axis represent percentage CUG. CUG, catch-up growth; PCTL, percentile; SGA, small for gestational age.
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FIGURE 4 Mean CUG reported as a percentage of study sample size by age, CUG definition, SGA definition, and study country. Values on
the x-axis represent percentage CUG. CUG, catch-up growth; PCTL, percentile; SGA, small for gestational age.

ways: 1) as length measurements that changed from <2 SD
to >–2 SDs during a defined period of time; 2) as length
measurements that increased by >0.67 SD during any time
period; 3) as length measurements that were greater than the
third percentile cut-off during any time period; 4) as length
measurements that were >1.33 SDs.

In order to categorize CUG, researchers also utilized a
wide variety of reference populations to which cohorts were
compared. Reference populations were commonly drawn
from the region or country where the study was being
conducted. Consequently, expectations of “normal” growth
varied substantially among publications, complicating the
generalizability of CUG. Due to the heterogeneity of data, a
meta-analysis could not be conducted, and thus descriptive
statistics were used.

Methodologic quality
Based upon the quality appraisal, we identified very few
sources of potential bias (Supplementary Table 3). In
2 studies, the small sample size was determined to contribute
a high risk of bias, 2 studies were assessed as unclear
bias regarding the representative nature of the sample, and
3 studies were assessed as unclear bias based upon standard
criteria used for measurement of the condition (in this case

the condition was SGA). No studies were excluded at this
stage of the review.

Results
Our searches identified 3137 studies for review. After
screening title and abstract, 328 studies required full-text
evaluation. Of these, 11 studies met our inclusion criteria
(Table 1). Of the included studies, 8 (73%) were prospective
in design and 3 (27%) were retrospective. Almost all the
studies (91%) were from countries classified as High Income
by the World Bank, whereas 1 study was from an Upper
Middle-Income country. Geographically, 1 study was from
the East Asia and Pacific region, 2 studies from Latin America
and the Caribbean, 1 study from North America, and 7 from
Europe and Central Asia. Six (55%) studies collected data
from 1959 to 2000, 2 studies (18%) from 2000 to 2010, and 3
did not identify a study period. The mean cohort size was
2229 children (range: 44–17,046). Only 2 studies followed
children’s growth trajectories to adulthood (Table 2).

SGA classification
There was a lack of consensus of cut-off values to define
SGA as well as the reference populations used to determine
SGA. Researchers used 4 different cut-off points to define
SGA. A birthweight of <–2 SDs was the most common in 5

FIGURE 5 Mean CUG reported as mean z score of study sample size by SGA definition, age, CUG definition, and study country. Values on
the x-axis represent percentage CUG. CUG, catch-up growth; PCTL, percentile; SGA, small for gestational age.
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FIGURE 6 Mean CUG reported as mean z score of study sample size by CUG definition, age, SGA definition, and study country. Values on
the x-axis represent percentage CUG. CUG, catch-up growth; PCTL, percentile; SGA, small for gestational age.

(45%) studies, followed by a birthweight of less than the 10th
percentile (27%), a birthweight of less than the 5th percentile
(18%), and less than the 3rd percentile (9%). Only 1 reference
population was used more than once (26).

CUG classification
CUG in height was determined in 2 ways: either as a
positive change in HAZ or by achieving a value above
a predetermined cut-off between birth and the follow-up
period. Three studies defined CUG as a change in HAZ of
>0.67. The remaining studies defined CUG as achieving an
HAZ of >–2 SD (5 studies); >1.3 SDs (1 study); or greater
than the 3rd percentile (2 studies). Again, there was little
consensus on reference populations when determining CUG,
and 3 studies did not specify any reference population for
CUG.

Growth outcomes
In order to identify the prevalence of CUG in infants
born FT-SGA, we examined study outcomes according to
3 criteria: SGA definition at birth, CUG definition, and age
when the outcome was measured. The median prevalence of
CUG irrespective of SGA definition and CUG definition was
87.4% (Figures 2 and 3). Although a significant proportion
of each study population appeared to achieve CUG, CUG
did not clearly occur at a specific age. Growth measurements
were collected at different follow-up intervals (Figure 4),
which resulted in few overlapping data points. For example,
Toumba et al. (32) collected data at 3 age points: 0.5, 1, and 3
years, whereas Luo et al. (23) only followed up at 18 y of age.
Five of 7 studies that collected data from 2 y of age onward
reported that >80% of the study population had achieved
CUG. Rather than reporting the prevalence of CUG, some
studies reported the median HAZ score of the cohort at
specific follow-up intervals. When median HAZ scores were
characterized by SGA definition or CUG definition, there
were no discernable trends (Figures 5 and 6). Median HAZs
improved from ages 0.5 to 2 years, after which they became
inconsistent (Figure 7).

Discussion
To our knowledge, this is the first systematic review to
examine the global prevalence of CUG in FT-SGA children.
This review highlights the challenges associated with com-
paring outcomes where there is both a lack of consensus
on definitions used for SGA and CUG as well as multiple
growth reference standards for different populations and
jurisdictions.

At least 3 research groups have noted that the use of
different cut-offs and different reference standards markedly
influences the prevalence of SGA and CUG. Karlberg
et al. (6) were the first to show that the same cohort
could yield variable prevalence rates for SGA if different
definitions of SGA were used. Based on the use of 26
different reference populations, Katz et al. (5) calculated the
prevalence of SGA based upon a birth weight less than the
10th percentile for 2 birth datasets: 1 from Nepal and 1
from South India. They found the prevalence of SGA to vary
from 10.5% to 72.5% in Nepal and from 12.0% to 78.4%
in South India among the 26 reference populations, and
concluded that the prevalence of SGA and its association
with neonatal mortality can vary significantly depending
on the choice of the reference population. A systematic
review by Chrestani et al. (37), examining associated factors
for accelerated growth in childhood, also remarked on the
lack of uniformity in CUG definitions and the need for
standardization.

Despite the lack of uniformity in SGA and CUG defini-
tions and reference populations, the findings of Karlberg et
al. (6) that >85% of children born FT-SGA will achieve CUG
in their first year is commonly accepted. We were unable to
verify this outcome, given the great variability in definitions
and reference populations in studies included in our review.
Three studies in the review reported measurements of CUG
at 1 year of age, none of which had achieved 85% CUG
prevalence (range: 69–82.2%); however, by 2 years of age,
2 of 3 studies reported >85% prevalence of CUG (range:
87.4–96.6%) (Figure 4).

A key finding from this review is that without a standard
definition for SGA and CUG, and a universally acceptable
reference population standard, it will not be possible to
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FIGURE 7 Mean CUG reported as mean z score of study sample size by age, CUG definition, SGA definition, and study country. Values on
the x-axis represent percentage CUG. CUG, catch-up growth; PCTL, percentile; SGA, small for gestational age.

obtain a true estimate of the prevalence of either SGA or
CUG. In 2014, the International Fetal and Newborn Growth
Consortium for the 21st Century (INTERGROWTH-21)
published standards for newborn birth weight, length, and
head circumference intended to help assess the newborn size
and to complement the WHO Child and Adolescent Growth
Standards (2006/2007) (38, 39). All 11 studies included in
our review were conducted before the development and
publication of the INTERGROWTH-21 birth weight for
gestational age standards. Future studies, however, are more
likely to use the WHO Growth Standards because 125
countries were reported to have adopted these standards by
2011 (40). It is more challenging to come up with globally
accepted definitions of SGA and CUG because to a large
extent these definitions remain subjective. Nevertheless, with
the use of, for example, combinations of nominal group
process, consensus development panels, and the Delphi
technique it would be possible for researchers working in
this field to come to an agreement on definitions (41). Until
then, the “true" prevalence of SGA and CUG will remain
elusive.

The most obvious limitation of this systematic review is
our inability to complete a meta-analysis due to the high
degree of heterogeneity of the included studies. This limited
our ability to validate the finding of Karlberg et al. (6)
of 85% CUG by 2 years of age. Additionally, the median
prevalence values presented in each of the studies could
not be tested statistically because of the different reference
populations used. The wide range of study dates may also
contribute to overestimating CUG when considering secular
trends towards increased height. In collecting studies to
be included in this systematic review, we noted a virtual
absence of studies of CUG in children born FT-SGA in
LMICs.

In conclusion, our review contributes to an understanding
of CUG in FT-SGA infants, with the major caveat that a lack
of common definitions and standard reference populations
limits its true predictive value. Twenty-two years ago,
the 1995 WHO report on “Physical Status: The Use and
Interpretation of Anthropometry” recommended the use of a
birth-weight-for-gestational-age cut-off at the 10th percentile

according to the Williams curve as a reference for the
classification of SGA (4). This recommendation was not
wholly implemented but is based on reasonable statistical
principles. Each tool used to define SGA or CUG may
not be perfect but in order to make comparisons between
future research in this area, they must be unified. To aid
in this endeavour, we make the following proposals: 1) that
SGA be defined based on the use of the 10th percentile as
the cut-off; 2) that the INTERGROWTH-21 birth-weight-
for-gestational-age standards be used to standardize the
identification of infants born SGA; 3) that a change of >0.67
in z score represents a clinically significant response and
should be used to define CUG (42); 4) that the WHO Growth
Standards be used to calculate z scores.

The adverse consequences of being born SGA continue
throughout the life cycle. A child’s pattern of linear growth
is an easily measured and comparable indicator of overall
health (43). Knowing the optimal growth trajectory for FT-
SGA children can assist the identification of growth problems
and potential interventions.
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