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BACKGROUND: Failure to recover growth is a risk reported in late preterm population. This study aimed to evaluate the auxological
outcome of late preterm infants and identify factors associated with failure to recover growth.
METHODS: We enrolled late preterm infants with birth weight ≤10th percentile, followed up at High-Risk Infant Follow-up Service.
We collected data at birth and at follow-up visits. A logistic regression analysis was performed to assess variables independently
associated with growth failure.
RESULTS: The population consisted of 175 preterms. The percentage of children showing no weight recovery was 34% at
36 months. At logistic regression analysis, infants who had not regained weight at 12 months had a higher risk of not regaining
weight even at 36 months. The same risk factor was highlighted for length catch-up growth. Moreover, infants fed any human milk
at discharge were protected from not achieving both weight and length catch-up growth at 36 months.
CONCLUSION: These results indicate that children born late preterm and small for gestational age could fail to recover weight and
stature growth in the first 36 months. The protective effect of human milk on failure to thrive highlights the importance of
promoting breastfeeding in this population.

Pediatric Research; https://doi.org/10.1038/s41390-022-02402-3

IMPACT:

● A significant number of SGA late preterms show a failure to recover weight and statural growth.
● Having experienced intrauterine growth restriction is associated with a greater chance of achieving statural catch-up growth.
● Being born singleton represents a risk factor for slower weight and height growth velocity.
● Breastmilk has a protective effect on failure to recover adequate weight and length in preterm SGA infants. This finding

highlights the importance of promoting breastfeeding in this population.

INTRODUCTION
Late preterm infants, defined as newborns born between 34 0/7
and 36 6/7 weeks of gestational age, have emerged in the last
decade as a new high-risk group in neonatology due to their
physiological and structural immaturity.1,2 Increasing evidence has
indicated that late preterm infants show higher mortality and
morbidity occurrence both during the hospital stay and in the
long term compared to term infants.1,3 Moreover, an increased risk
for postnatal growth restriction up to preschool age has been
detected among late preterm infants, probably due to inadequate
nutrition and the experience of feeding difficulties.4 Infants born
small for gestational age (SGA) are even at higher risk for postnatal
growth retardation.4,5 Remarkably, within such a complex context,
despite the well-known health benefits associated with human
milk feeding, concerns remain about SGA infants’ growth when
they are human milk-fed.5

There is a paucity of data concerning the neonatal variables and
the mode of feeding associated with the persistence of postnatal

growth retardation, defined as having a weight, length and head
circumference below the 10th percentile in SGA late preterm
infants.
This study aimed to assess the persistence of postnatal growth

retardation in the first 36 months of age in a cohort of SGA late
preterm infants and to evaluate the neonatal variables and the
mode of feeding during hospital stay associated with its
persistency.

METHODS
We conducted a retrospective study including preterm infants born
between 2009 and 2015 admitted to the authors’ institution, participat-
ing in our post-discharge follow-up program. According to the Fenton
growth charts, the inclusion criteria were gestational age between 34
and 36 weeks and birth weight <10th percentile.6–8 Exclusion criteria
were congenital diseases, chromosomal abnormalities, severe cardiac,
brain, renal, endocrinologic and gastrointestinal diseases that could
interfere with growth.
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Parents prospectively consented to the use of the anonymized data for
research purposes. The Ethics Committee of the Fondazione IRCCS Ca’
Granda Ospedale Maggiore Policlinico approved the retrospective study.

Data collection
The neonatal, clinical and feeding data during hospital stay were collected
from the patient’s computerized medical charts. The neonatal data
included gestational age, anthropometric parameters at birth (weight,
length and head circumference), sex, being twin, mode of delivery, length
of hospitalization, ethnicity, obstetric history of intrauterine growth
restriction (IUGR) based on a combination of measures of fetal size
percentile and Doppler abnormalities.9 In addition, maternal data were
further collected, including age, education, assisted conception and
occurrence of preeclampsia, defined as de novo hypertension after
20 weeks gestation with new-onset proteinuria.10

The medical data recorded were the following: Apgar score at 1 and
5min, need for respiratory support, the occurrence of jaundice requiring
phototherapy and/or hypoglycemia defined as a plasma glucose level
<45mg/dl and/or perinatal infection defined by the presence of positive
blood culture and/or by clinical and laboratory signs, mode of feeding at
discharge (exclusively human milk feeding, mixed feeding including the
use of both human milk and formula, exclusively formula feeding).
Post-discharge anthropometric parameters (weight, length and head

circumference) were collected from patients’ follow-up medical charts at 3,
6, 12 and 24 months of corrected age (calculated from the chronologic
age, adjusting for gestational age) and 36 months of chronological age.
According to the World Health Organization growth charts, catch-up
growth at 12, 24 and 36 months was defined as the achievement of a
percentile ≥10th either for weight or length or head circumference.11

Nutritional practices
Regarding late preterm infants, enteral feeding was started within the first
24 h of life in all newborns who were in stable clinical conditions. Fresh
mother’s milk represented the first choice and mothers were encouraged
to directly breastfed their infants or, when this was not possible, to express
their milk soon after birth. Furthermore, the health care professional
supported breastfeeding in agreement with the cue-based feeding
method during the hospital stay.12,13

According to the nutritional procedure of our Center, human milk was
fortified with bovine milk-based fortifiers in all newborns with weight
≤1800 g and with enteral intake ≥80ml/kg/day with breastmilk for more
than 50% of the total intake. If breastmilk was insufficient or not available,
formula milk feeding was started.

Statistical analysis
Continuous variables were presented as mean values and standard
deviation (SD). Categorical variables were expressed as numbers
(frequencies).
To identify the independent variables associated with the absence of

weight and length catch-up growth at 36 months of age, a multivariate
binary logistic regression analysis was performed. The independent
variables entered in the model were sex, need for respiratory support,
the occurrence of infection, obstetrical history of intrauterine growth
retardation, absence of catch-up growth at 12 months of corrected age,
being a twin and milk feeding grouped as any human milk vs exclusively
formula feeding.
Statistical analyses were made using SPSS (Statistical Package for the

Social Sciences) version 22 software (SPSS Inc., Chicago, IL).

RESULTS
A total of 175 infants were enrolled, and their basic characteristics
are reported in Table 1. Length and head circumference at birth
were available for 109 and 106 infants, respectively. Mothers’ basic
characteristics are also reported in Table 1.
Length of hospital stay was between 11 and 30 days in 76% of

cases, whereas 19% and 5% of infants were discharged before ten
days and after 30 days, respectively. During the hospital stay, 45%
of infants developed jaundice requiring phototherapy, 9% showed
hypoglycemia, 12.6% required respiratory support, and 5%
developed a perinatal infection. At discharge, 18% and 36% of

infants were exclusively human milk-fed and complementary fed,
respectively, whereas 46% were exclusively formula-fed.
At 3 and 6 months of corrected age, 85% and 79% of infants

showed a weight catch-up growth, respectively. Concerning
length, 84% and 86% of infants had a length percentile above
or equal to the 10th percentile at 3 and 6 months, respectively,
whereas head circumference catch-up growth was already
achieved by 95% of infants at both time points. At the following
study time points, the percentage of infants who did show a
weight equal to or above the 10th percentile decreased to 60% at
12 and 24 months, achieving 75% at 36 months. Regarding length,
the percentage of infants who achieved catch-up growth was
around 79% through the subsequent time points (Fig. 1). Head
circumference catch-up growth was achieved by most infants
already at 12 and 24 months.

Table 1. Basic infants’ and mothers’ characteristics.

Infants’ and mothers’ characteristics

Infants, n= 175 Mean (SD)

Gestational age (weeks) 35.2 ± 0.7

Birth weight (g) 1772 (119)

Birth length (cm) 43.1 (2.1)

Birth head circumference (cm) 30.8 (1.1)

Apgar score 1’ 8 (1.0)

Apgar score 5’ 9 (0.7)

N (%)

Birth weight ≤10 and ≥3 pct 100 (57)

Birth weight <3 pct 75 (43)

Birth length ≤10 and ≥3 pct 17 (16)

Birth length <3 pct 41 (38)

Birth head circumference ≤10 and ≥3 pct 19 (18)

Birth head circumference <3 pct 23 (22)

Males 81(46)

Twins 97 (55)

Intrauterine growth retardation 91 (52)

Ethnicity

Caucasian 154 (88)

Black 6 (3)

Asian 6 (3)

Hispanic 9 (6)

Mode of delivery

Caesarean section 154 (88)

Vaginal delivery 21 (12)

Mothers, n= 167

Age (years)

<30 19 (11)

30–45 140 (84)

>45 8 (5)

Education (years)

≤13 74 (44)

>13 93 (56)

Assisted conception 59 (35)

Preeclampsia 59 (35)

Multiple pregnancy 90 (54)

Pct percentile.

G. Vizzari et al.

2

Pediatric Research



In Fig. 2 the mean growth trajectories of any breastfed and
exclusively formula-fed infants at each time point of the study are
shown.
In a multivariate binary logistic regression analysis, infants who

had not caught up about weight at 12 months and were born
singletons were at higher risk for not showing weight catch-up
growth at 36 months. Regarding length, infants who had not
achieved a length catch-up growth at 12 months, were born
singletons and had no intrauterine growth restriction (IUGR) were
at higher risk for not having length catch-up growth at 36 months.
Infants fed any human milk were protected from not achieving
both weight and length catch-up growth at 36 months (Table 2).

DISCUSSION
The literature shows that being a late preterm neonate represents
a risk factor for adverse short and long-term outcomes compared
to full-term newborns.14 However, because of a paucity of data
regarding the neonatal variables and the mode of feeding
associated with the persistence of postnatal growth restriction,
catch-up growth represents one of the main challenges for
clinicians.
According to our findings, more than 80% of our late preterm

and SGA infants showed a catch-up growth in weight and length
at 3 and 6 months of corrected age. On the other hand, weight
growth tended to decrease, and almost 60% of children
maintained to catch-up growth at 12 and 24 months of corrected
age, while the growth trajectory for length remained substantially
stable for 70% of children. The decrease in the growth trajectory
following the first 6 months of corrected age could be partially
explained by the introduction of solid foods between 5 and
8 months of life.15 Indeed, complementary feeding in preemies
represents a crucial period that requires the acquisition of specific

neurodevelopmental skills and that is linked to the onset of new
symptoms related to oromotor dysfunction and avoidant feeding
behavior, such as choking and spitting.4,15 Furthermore, two
surveys conducted in Italy and UK underlined that many mothers
of low birth weight newborns, with the introduction of
complementary feeding, didn’t perceive the importance of an
adequate energy intake and offered their infants nutritionally
inadequate diets.16,17

At 36 months of corrected age, however, only one-third of
children showed weight and length values lower than the 10th
percentile, highlighting a variety of growth trajectories during
early infancy. Moreover, not having reached catch-up growth at
12 months and being born singleton were associated with an
increased risk of not reaching both weight and length catch-up
growth even at 36 months.
On the other hand, the vast majority of our cohort already

achieved head circumference catch-up growth at 12 months. The
importance of this result is emphasized by the close relationship
between head circumference growth and neurodevelopmental
outcome of preterm infants, as described in the literature.18,19

There is a lack of data regarding the weight and length growth
trajectory of late preterm infants. Zhang et al. in a recent
observational study, evaluated the growth in a cohort of 599
healthy late preterm infants and showed a catch-up growth in
length and weight of 30.7% and 46.2%, respectively, at term
corrected age, but no data on early childhood growth were
available.20 Han et al., in their longitudinal study, assessed a cohort
of 10,624 preterm newborns (born before 37 weeks of gestational
age) and showed that the vast majority of children reached a
weight’s catch-up growth at 24 months of life, especially those
who were SGA at birth (90.3%). Moreover, in Han et al.‘s study,
catch-up growth was associated with an increased risk of being
overweight in later life.21 On the other hand, Santos et al.
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Fig. 1 Weight and height catch-up growth. Percentage of infants showing weight and height percentiles <10 and ≥10. CA corrected age, Pct
percentile.
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highlighted a failure to thrive in the first 2 years of life for late
preterm infants rather than term ones.22

There is no consensus regarding the proper weight gain pattern
for preterm infants.23 Furthermore, an emerging body of evidence
suggests that body composition analysis of preterm infants may
help optimize infant nutrition.24,25 In a recent study, McLeod et al.
evaluated the possibility of monitoring early changes in the body
composition of preterm infants in response to specific macro-
nutrient intake. In particular, they highlighted that higher energy
and fat intake was positively associated with increased fat mass
and higher protein and carbohydrate intake was positively
associated with increased fat-free mass.24,26 Moreover, changes
in the percentage of fat mass and fat-free mass in children who
were preterm born are associated with different growth patterns
and could influence neurological and motor long-term outcomes
and be related to cardiovascular and metabolic diseases in
adulthood.24,27 In their studies, Roggero et al. and Yau and Chang
reported that preterm newborns at term corrected age showed a
higher percentage of body fat content, measured by an air
displacement plethysmography system than full-term infants.27,28

These findings were even more evident for SGA preterm neonates
than in SGA term ones, as was shown by Giannì et al., whereas the
mean body weight between the two study groups was
comparable.29

Moreover, our results showed that having IUGR is associated
with a greater chance of achieving catch-up growth per length at
36 months of corrected age. Several studies highlighted that
children with IUGR often show a pronounced catch-up growth in
the first years of life, getting closer to the genetic growth
trajectory.20,30 On the other hand, Kesavan and Devaskar31

underlined that although having IUGR is associated with rapid
catch-up growth in early life, the more severe IUGR is, the less
these children will reach a standard height in adulthood.
In our study, among the non-modifiable factors, being born

singleton represents a risk factor for slower weight and height
growth velocity in early life. These data have been confirmed by
several studies in the literature.20,32 Therefore, we could speculate
that the initial IUGR and SGA births found more frequently in twins
than in singletons are due to factors related to pregnancy, and a
resulting catch-up growth could be expected in extrauterine
life. However, the relationship between twin pregnancy and IUGR
or SGA infants still needs further studies to be adequately
investigated.
Despite the lack of data in the literature, the postnatal growth

of late preterm infants is undoubtedly influenced by several
variables, including type and mode of feeding.14 Although Verd

et al. in their study, have evaluated the growth pattern of two
groups of extremely low birth weight infants divided into
exclusive human milk-fed and formula-fed one, no significant
differences were found in terms of weight gain in the two
groups.33 On the other hand, several studies have evaluated the
effect of an exclusively human milk-based diet on preterm
infants’ growth, and the vast majority of them found a lower
percentage of fat mass deposition when compared to mainly
formula-fed infants.34–36 Moreover, in a recent study, Mòl et al.
compared a cohort of mainly formula-fed preterm infants to a
group of term newborns. A more significant deposition of fat
mass was highlighted in the group of preterm formula-fed
babies rather than term ones37 and this effect could be dose-
dependent, as reported by Giannì et al.34 Furthermore,
exclusively breastfed preterm infants showed a slower weight
gain than term ones.38 The mechanism that links breastfeeding
to a slower growth pattern than formula feeding and that
ultimately leads to better metabolic and neurodevelopmental
outcomes was defined by Rozè et al. as an “apparent paradox of
breastfeeding”.39 This “paradox” could be partially explained by
higher fat-free mass deposition as a possible breastfeeding
protective factor against the risk of obesity in adulthood.38,40

Similarly, in our study, we have shown a protective effect of
breastfeeding on preterm infants’ growth. Indeed, infants who
were any human milk-fed were protected from not achieving
both weight and length catch-up growth at 36 months, showing
probably a slower but better growth pattern than formula-fed
ones. Regardless of these results, our study showed a very low
exclusively breastfeeding rate at discharge, equal to 18%. This
finding, despite being widely improvable, appeared to be quite
similar to what reported by Davanzo et al. from 13 Italian
NICUs.41 The authors classified their population based on birth
weight and showed an exclusively breastfeeding rate equal to
25% and 22%, respectively, for newborns with birth weight
between 1500 and 2000 g and between 2000 and 2499 g.41

Moreover, our population includes late preterm and SGA infants,
for whom breastfeeding rates are generally lower than full-
term newborns.41,42 In addition, 55% of our cohort were twins
and 88% were born by caesarean section, both factors
associated with greater difficulty in starting and continuing
breastfeeding.43,44

Being a retrospective study, lots of data relating to the growth
of the enrolled children were not available. In our opinion, the
main limitations of this study are the lack of infants’ body
composition assessment and a more in-depth analysis of the type
of feeding and breastfeeding duration to evaluate a possible dose-

Growth trajectory in any breastfed and formula fed infants 
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dependent role of human milk on infants’ growth. Moreover, since
the study analyzed a period ranging from 2009 to 2015, the
evaluation of anthropometric parameters was performed using
the Fenton and WHO charts and the same charts were used for
both singleton and twins. Since 2014, new postnatal growth
standards for preterm infants by the International Fetal and
Newborn Growth Consortium for the 21st Century (INTERGROWTH
21st) have been published.7 It could be possible, that using
different charts we could have highlighted a different growth
trajectory, at least up to 6 months of corrected age.7,45

On the contrary, to the best of our knowledge, this is one of the
few studies on assessing late preterm infants’ growth from the
hospital discharge and through a long follow-up period.
Our results highlighted that late preterm and SGA infants

present a variable growth trajectory during early infancy and that
maintaining catch-up growth during the first year of life could be
affected by different variables such as being born singleton,
having IUGR, and being breastfed. Therefore, identifying these
variables, especially the modifiable ones and enhancing the
protective factors, is a priority for pediatricians to optimize growth
and development and prevent the onset of non-communicable
diseases in the short and long term. Moreover, our study
confirmed the importance of breastfeeding for its nutritional
value and as a protective factor against the risk of failure to thrive
for preterm and SGA infants. Consequently, breastfeeding
promotion should be strongly supported in neonatal intensive
care among preterm infants.
Further studies with larger samples are needed to investigate

the late preterm profoundly, SGA neonates’ growth trajectory and
to identify possible protective factors both on weight and length
gain and long-term health outcomes.

DATA AVAILABILITY
All data generated and analyzed during this study are included in this published
article.
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