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Abstract
The purpose of the present study was to evaluate the prevalence of early adiposity rebound (EAR) and factors associated with 
its occurrence in a cohort of extremely low birth weight infants (ELBW). We conducted a retrospective longitudinal study 
including ELBW infants followed-up for up to 10 years after discharge. EAR was defined as occurring before 5 years of age. 
A multivariate binary logistic regression analysis was performed to evaluate maternal and perinatal variables independently 
associated with EAR. Out of 212 ELBW infants included in the analysis, 40.6% developed EAR and 21.5% showed it before 
4 years of age. Only formula milk feeding at discharge was independently associated with a higher risk of EAR. The mean 
BMI of children with EAR was higher than that of children without EAR. Furthermore, the prevalence of overweight and 
obesity was higher in the EAR group than in the timely AR group.
  Conclusions: ELBW infants in our cohort developed EAR in a relatively high percentage of cases. In this already at-risk 
population, EAR may represent a further risk factor for an adverse metabolic outcome. Monitoring preterm infants’ growth 
within a long-term follow-up program and promoting and supporting human milk feeding is advisable.

What is Known:
• Preterm-born infants are at high risk for long-term adverse health outcomes, especially cardiovascular and metabolic.
• The occurrence of early adiposity rebound (EAR) is associated with the risk of later obesity and metabolic syndrome.
What is New:
• The occurrence of EAR in ELBW infants may represent an additional risk factor for later adverse metabolic outcomes in an already vulner-

able population.
• Future preventive strategies should include a long-term follow-up and the promotion of exclusive breastfeeding.
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Introduction

Preterm birth is a worldwide epidemic. Approximately 15 
million preterm infants are born each year, and prematu-
rity-related complications still represent one of the most 
common causes of death during the first years of life [1, 
2]. However, due to the improvements in neonatal assis-
tance, the survival rate of preterm infants continues to 
increase, particularly among extremely preterm infants, 
allowing an ever-growing number of them to reach adult-
hood [3].

Increasing evidence indicates that survivors of premature 
birth are at high risk for adverse health outcomes later in 
life, such as cardiovascular and metabolic diseases, due to 
the early interruption of organ maturation, and subsequent 
altered structure and function. Remarkably, this risk increases 
as gestational age at birth decreases [4]. Several perinatal 
events, including comorbidities associated with prematu-
rity, could exacerbate the increased susceptibility of preterm 
infants by inducing permanent adaptative changes in organ 
development through epigenetic mechanisms, and structural 
damage caused by the pro-inflammatory response and abnor-
mal tissue repair [5].

The growth pattern has been reported to play a crucial 
role in modulating the risk of long-term health conse-
quences of preterm infants in adult age [4, 6]. Indeed, the 
accelerated postnatal growth most preterm infants undergo 
to recover the extrauterine growth retardation developed 
during hospital stay imposes a metabolic cost in terms 
of altered body composition development and metabolic 
biomarkers [7].

Routine monitoring of body mass index (BMI) may aid 
the early detection of infants at risk for adverse metabolic 
outcomes. BMI rapidly increases during the first year of 
life, then progressively decreases and eventually starts ris-
ing again between the ages of 5 and 7. This second rise 
is called adiposity rebound (AR). An AR occurring at a 
younger age is defined early adiposity rebound (EAR). An 
association between EAR and the risk of later obesity and 
metabolic syndrome has been reported by several Authors 
[8–10].

Data on the prevalence of EAR in preterm infants and the 
factors associated with its occurrence are limited [11, 12], 
and no study so far has focused specifically on the evaluation 
of the BMI trajectory of infants born with extremely low 
birth weight (ELBW; i.e., birth weight < 1000 g).

The present study aimed to evaluate the prevalence of 
EAR and the factors associated with its occurrence in a 
cohort of ELBW infants. We also aimed to compare the rate 
of overweight and obesity among children in the EAR and in 
the timely AR group, as well as their blood pressure values 
from 4 years of age onward.

Methods

Study design

We conducted a retrospective longitudinal observational 
study including ELBW infants born between 2008 and 2016 
admitted to the neonatal intensive care unit (NICU) of our 
Institution and participating in the 10-year follow-up pro-
gram routinely provided after discharge to all inborn very 
preterm infants. Patients were selected from a prospectively 
filled database by 2 experienced neonatologists. Patients 
with genetic syndromes or endocrinological issues poten-
tially affecting growth were excluded from the analysis.

The Ethics Committee of the Fondazione IRCCS Cà 
Granda Ospedale Maggiore Policlinico, Milan (Italy) 
approved the study. We obtained parental consent to use 
anonymized data for research purposes. The study was con-
ducted in accordance with the Declaration of Helsinki.

Data collection

Maternal and neonatal clinical data were collected from 
the patients’ computerized medical charts (Neocare, i&t 
Informatica e Tecnologia Srl, Italy). Maternal data included 
the following: age, educational level, single or multiple 
pregnancy, mode of delivery, and the occurrence of preec-
lampsia. Neonatal data included the following: gender, ges-
tational age, Apgar score, birth weight, length, and head 
circumference at birth. Based on the birth weight percentile, 
infants were classified as adequate for gestational age (AGA; 
i.e., birth weight between 10th–90th centile), small for ges-
tational age (SGA; i.e., birth weight < 10th centile) and large 
for gestational age (LGA; i.e., birth weight > 90th centile) 
according to the Intergrowth-21st charts [13]. Furthermore, 
days of non-invasive or invasive ventilation, the occurrence 
of comorbidities during hospital stay (i.e., severe brain and 
surgical gastrointestinal diseases, bronchopulmonary dys-
plasia—BPD, defined according to Jobe and Bancalari’s 
definition [14]—retinopathy of prematurity—ROP [15], 
infections), length of hospital stay, and mode of feeding at 
discharge (exclusive human milk, mixed feeding, exclusive 
formula milk) were also collected.

Anthropometric parameters (i.e., weight, length/height, and 
head circumference) measured after discharge at follow-up vis-
its at 1 and 2 years (corrected age) and at 3, 4, 5, 6, 7, 8.5, and 
10 years (chronological age) were collected from computerized 
medical charts. Body weight and length/height were measured 
according to standard procedures [16]. For each measurement, 
the appropriate centile was calculated according to the Cent-
ers for Disease Control and Prevention Growth Charts until 
2 years corrected age and the Cacciari Growth Charts from the 
second year of age [17, 18]. Catch-up growth was defined as 



European Journal of Pediatrics 

1 3

the achievement of a weight or length ≥ 10th centile [19, 20]. 
From the age of 2 years, we calculated the BMI expressed as 
weight in kilograms divided by height in meters squared. In 
line with the current literature, we defined the timing of AR 
as the age at the lowest BMI registered [10]. If AR occurred 
before 5 years of age, we classified it as EAR. According to the 
BMI growth charts of the World Health Organization (WHO), 
we classified children with a BMI ≥ 85th percentile as over-
weight and those with a BMI ≥ 97th as obese [21]. Finally, 
from the age of 4 years, as for Institutional protocol, the values 
of systolic and diastolic arterial blood pressure (SP and DP) 
were recorded at each outpatient visit.

Statistical analysis

Statistical analysis was performed using SPSS (Statistical 
Package for the Social Sciences) statistic software package 
(IBM SPSS Statistics for Windows, Version 25.0. Armonk, 
NY: IBM Corp.). Continuous variables were expressed as 
mean values and standard deviations (SD), while categorical 
variables were presented as frequencies and percentages.

Values of BMI and arterial blood pressure (SP and DP) 
were compared between children with or without EAR using 
the Student’s t-test. The difference in proportions of over-
weight and obesity among children with EAR and children 
with timely AR was assessed using the chi-square test.

A multivariate binary logistic regression analysis was per-
formed to identify variables independently associated with 
EAR. The variables included in the model were: maternal 
educational level, single or multiple pregnancy, mode of deliv-
ery, gender, being born SGA, and type of feeding at discharge. 
The selection of variables to include in the model was guided 
by their known or suspected associations with adiposity based 
on existing literature [22–26] and clinical relevance.

A Repeated Measures ANOVA was performed to evaluate 
the effect of EAR on BMI measured at different time points.

For all tests, a p value < 0.05 was considered statisti-
cally significant.

Results

From 2008 to 2016, a total of 69,069 newborns were born at 
our Institution. Among them, 1015 preterm patients partici-
pated in the follow-up program provided at our Institution. 
A total of 212 ELBW infants were included in the study, 
while 803 patients did not meet the inclusion criteria or were 
excluded based on the exclusion criteria (Fig. 1). The 70% 
of the enrolled infants reached the 7th-year follow-up visit, 
while the 24% completed the 10-year follow-up program.

Maternal and neonatal characteristics are summa-
rized in Table 1. Mean maternal age was 34.8 years, 

and 47.9% of mothers had a University degree. Nearly 
38% of pregnancies were multiple and preeclampsia 
complicated one third of the total. Mean gestational 
age was 27 weeks, while mean weight, length, and head 
circumference at birth were 802 g, 33 cm, and 24 cm, 
respectively. Nearly half of the infants were SGA. The 
14% of the infants enrolled were exclusively breastfed 
at discharge.

Trajectories of weight, length/height, and BMI are 
graphically represented in Fig. 2. As for head circumfer-
ence, mean values measured during each follow-up visit in 
the first 3 years were 44.6 (± 1.9), 46.9 (± 1.9), and 47.7 
(± 1.7), respectively.

Regarding growth trajectories, 43% and 32% of children 
still showed weight values lower than the 10th centile at 5 
and 7 years of age, respectively. Moreover, 32% and 21% of 
them presented length values lower than the 10th centile at 
5 and 7 years, respectively (Suppl. Fig. 1).

The 40.6% of the study population presented EAR, and 
the 21.5% showed it before 4 years of age.

At multivariate binary logistic regression analysis only 
exclusive or partial formula milk feeding was independently 
associated with a higher risk of developing EAR compared 
to exclusive human milk feeding (Table 2).

Mean BMI of children with EAR was significantly 
higher than that of children without EAR at 5, 6, 7, 8.5, and 
10 years (Fig. 3).

Furthermore, the prevalence of overweight and obe-
sity among children with EAR was higher than that in the 
timely AR group at 6 (10% vs. 1%; 5% vs. 1%, respectively, 
p = 0.009) and 7 years (12.5% vs. 1%; 7% vs. 1%, respec-
tively, p = 0.001). At 10 years, such difference in the rate of 
overweight and obesity persisted, with 21% of children with 
EAR being overweight and 16.7% of them obese vs. 3% of 
children being overweight and no one obese in the timely 
AR group (p = 0.009).

A Repeated Measures ANOVA was performed to evalu-
ate the effect of EAR on BMI measured at different time 
points. Mauchly’s test indicated that the assumption of 
sphericity had been violated, χ2 = 64.4, p < 0.001, and 
therefore degrees of freedom were corrected using Green-
house–Geisser estimates of sphericity (ε = 0.51). The effect 
of EAR on BMI through time was significant at the 0.05 
level, F(2.03) = 5.53, p = 0.006, partial η2 = 0.15. Post hoc 
test identified a significant effect of EAR on BMI at each 
time point (all p < 0.05) (Fig. 4).

Mean SP values of children with EAR were significantly 
higher at 4 years of age than those of children with timely 
AR (101.58 ± 8.0 vs. 95.8 ± 6.7 mmHg, p < 0.05). Con-
versely, no other significant difference was found among 
the two groups in terms of SP at the following ages and DP 
at any time during the study period.
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Discussion

To our knowledge, this is the first study investigating the 
prevalence of EAR in a cohort of ex-preterm ELBW chil-
dren. In our cohort, the prevalence of EAR was higher than 
that reported in the general population [9, 27, 28], although 
the lack of case–control studies comparing term and preterm 
infants make it difficult to draw a definite conclusion on the 
impact of prematurity and birth weight on the timing of AR.

The prevalence of EAR found in the present study is in 
line with that reported in preterm infants by other Authors. 
Baldassarre et al. [11] conducted a prospective study includ-
ing 100 children born prematurely and reported that 54% 
of them showed EAR. In said study, ELBW infants repre-
sented the 1% of the study population (and the 2% of the 
EAR group). Children who presented EAR showed higher 
values of BMI at 7 years of age, whereas the prevalence 
of obesity or overweight was not different in children with 
early or timely AR. Contrary to this latter finding, our 
study revealed a notable association between EAR and an 
increased prevalence of overweight and obesity at 6, 7, and 
10 years. The data indicate that children experiencing EAR 

are at a substantially elevated risk of developing overweight 
and obesity, and this disparity persists over time. To further 
investigate the impact of EAR on BMI across different age 
points, a Repeated Measures ANOVA was conducted. The 
analysis revealed a significant effect of EAR on BMI over 
time, suggesting that EAR contributes to a lasting influence 
on BMI trajectories. These findings contribute valuable 
insights into the potential long-term consequences of EAR 
on growth outcomes in ELBW infants.

The discrepancy between our findings and Baldassarre’s 
could be partially explained because of the different popula-
tions considered: in the paper by Baldassarre et al. the enrolled 
population comprised children born at a mean gestational age 
of 34 (± 2) weeks, mainly with a normal birth weight, whereas 
we focused on children born prematurely with ELBW. Also 
consistently with our findings, Nakayama et al. [12] reported 
that 38% of the very low birth weight infants (VLBW; i.e., 
birth weight < 1500 g) included in the analysis had EAR. 
The 60.5% of the infants included in the EAR group were 
ELBW, although the occurrence of EAR was not found to 
be associated with birth weight. At 7 years of age, children 
with EAR had higher BMI values than those with timely AR. 

Fig. 1  Flow-chart of the study
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Specifically, the 14.3% in the EAR group were obese, whereas 
children in the timely AR group had a normal weight.

In the present study, children with EAR showed higher SP 
values at 4 years of age than those in the timely AR group. Con-
versely, no difference in either the values of SP at any other 
study time point nor DP values throughout the follow-up period 
was found among the two groups. The higher SP in the EAR 
group at 4 years must be considered with caution since it was no 
longer found at the following study points. We could speculate 
that the evidence of isolated high SP values could be at least 
partially ascribed to white coat effect-related anxiety during 
the measurements [29]. However, several authors have pointed 
out that low birth weight preterm-born adolescents and young 
adults have higher blood pressure values than normal birth 
weight term-born controls [30, 31]. Monitoring blood pressure 
changes in preterm-born children may therefore prove useful in 
detecting subjects at risk of developing hypertension later in life.

According to the findings of the present study, being dis-
charged from the NICU as exclusively or partially formula 
fed increases the risk of developing EAR. This finding is 
not surprising, considering the well-known role of mode 
of feeding in modulating early life growth pattern [32–34]. 
Indeed, Briollais et al. [35] have identified the genes and 
the related epigenetic modifications associated with the 
strict relationship between breastfeeding and growth pat-
tern, further highlighting the importance of breastfeeding 
in reducing the risk of overweight and obesity. Moreover, 
human milk feeding of preterm infants during the early 
postnatal period has been associated with slower postnatal 
growth compared to formula feeding and with the recov-
ery of body composition development in terms of promo-
tion of lean mass deposition [36]. While Nakayama et al. 
did not consider mode of feeding as a possible confounder 
in their analysis, Baldassarre et al. results only showed a 

Table 1  Pregnancy-related and neonatal characteristics of the study population, divided by occurrence of early adiposity rebound (EAR)

Variable Total Population (n = 212) EAR (n = 86) Timely AR (n = 126) p

Pregnancy
Single, N (%) 132 (62.3) 53 (61.6) 79 (62.7) 0.82
Multiple, N (%) 80 (37.7) 33 (38.4) 47 (37.3)
Preeclampsia 70 (33.0) 33 (38.4) 37 (29.3) 0.14
Mode of delivery
Vaginal delivery 28 (13.2) 11 (12.8) 17 (13.5) 0.88
Caesarean section 184 (86.8) 75 (87.2) 109 (86.5)
Newborn gender
Male 90 (42.4) 38 (44.2) 52 (41.3) 0.74
Female 122 (57.5) 48 (55.8) 74 (58.7)
Gestational age (weeks), mean (SD) 27.1 (2.2) 27.0 (2.2) 27.1 (2.1) 0.75
5′ Apgar score, mean (SD) 7.9 (1.0) 7.9 (1.0) 7.9 (1.1) 0.95
Birth weight (g), mean (SD) 802.7 (138.3) 819 (129) 792 (144) 0.20
AGA, N (%) 117 (55.1) 50 (58.1) 67 (53.2) 0.68
SGA, N (%) 91 (42.9) 34 (39.5) 57 (45.2)
LGA, N (%) 4 (1.9) 2 (2.3) 2 (1.6)
Length at birth (cm), mean (SD) 33.5 (2.7) 33.4 (2.5) 33.6 (2.9) 0.66
Head circumference at birth (cm), mean (SD) 24.1 (2.0) 24.2 (1.8) 24.1 (2.3) 0.71
Non-invasive ventilation (days), median [IQR] 42 [28–60] 40 [28–57] 42 [28–61] 0.41
Invasive ventilation (days), median [IQR] 13 [5–29] 13 [5–31] 12 [5–29] 0.39
Surgical gastrointestinal disease, N (%) 23 (10.8) 8 (9.3) 15 (11.9) 0.55
Severe brain disease, N (%) 34 (16.0) 15 (17.4) 19 (15.1) 0.64
Infections, N (%) 94 (44.3) 36 (41.9) 58 (46.0) 0.54
Bronchopulmonary dysplasia, N (%) 96 (45.3) 39 (45.3) 57 (45.2) 0.98
Retinopathy of prematurity stage 3–4, N (%) 34 (16.0) 13 (15.1) 21 (16.7) 0.82
Feeding at discharge, N (%)
Exclusive human milk feeding 29 (13.7) 8 (9.3) 21 (16.7) 0.36
Mixed feeding (human milk and formula milk) 35 (16.5) 17 (19.7) 18 (14.3)
Exclusive formula feeding 148 (69.8) 61 (70.9) 87 (69.0)
Weight at discharge (g), mean (SD) 2942 (1026.3) 2957 (1000) 2932 (992) 0.83
Length of hospital stay (days), median [IQR] 90 [70–130] 87 [70–128] 98 [73–132] 0.39
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weak association between breastfeeding and timely AR 
[11, 12]. Conversely, a large population-based longitudinal 
study by Lin et al. [34] including term and preterm-born 
children showed that those who had been breastfed longer 
than 4 months had later AR than their counterparts who 
had not been breastfed or had been breastfed for shorter 
than 4 months. The association between breastfeeding and 

AR timing in preterm infants is still a matter of debate and 
further studies are needed to elucidate this important aspect.

In our cohort, nearly one-third of infants still presented 
weight values lower than the 10th centile at 7 years of age. This 
growth pattern, while indicating that catch-up growth could 
occur later in childhood [37], could also suggest a potential 
additional risk factor for the development of metabolic syn-
drome later in life. Indeed, the achievement of a catch-up 
growth within 12–18 months post-term has been reported to 
positively affect long-term outcomes, whereas faster weight 
gain during childhood seems to be associated with an increased 
risk of later metabolic syndrome and cardiovascular disease 
[38, 39]. Lastly, we could speculate that even if future, cur-
rently lacking, studies were to demonstrate that premature-born 
ELBW infants are not at higher risk of EAR than the general 
population, the sole known correlation of EAR with adverse 
metabolic outcomes [8–10] would justify monitoring the vari-
ations of BMI in this delicate population and the implementa-
tion of measures aimed at preventing its excessive and untimely 
increase. Indeed, EAR might be considered as an additional 
risk factor for an already at risk-population and every attempt 
at reducing such risk should be welcomed. The promotion of 
exclusive breastfeeding should therefore be recommended, also 
in light of the already well known beneficial effects on body 
composition and cardiovascular health [36, 40].

The present study was conducted on a relatively large cohort of 
ELBW infants followed up for a long period of time. However, the 
study has some limitations. Firstly, given the retrospective design, 

Fig. 2  Multiple line graph representation of weight, length/height, and BMI trajectories of the study population throughout the study period

Table 2  Factors associated with early adiposity rebound at multivari-
ate binary logistic regression analysis

Variable Early adiposity rebound

OR 95% C.I. p

Pregnancy
Single vs. multiple 0.8 0.4–1.6 0.75
Mode of delivery
Vaginal vs. caesarean section 1.1 0.4–3.0 0.82
Gender
Male vs. female 0.9 0.5–1.8 0.98
Birth centile
SGA vs. AGA/LGA 0.8 0.4–1.6 0.64
Feeding at discharge
Complementary/exclusive formula feeding 

vs. exclusive human milk feeding
3.7 1.1–11.9 0.03

Maternal education
No University degree vs. University degree 1.2 0.9–1.4 0.09
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Fig. 3  Mean BMI values in children with early adiposity rebound (EAR) and timely adiposity rebound (AR). **p < 0.001. C.I. 95% 
5 years, − 1.3; − 0.4. C.I. 95% 6 years, − 1.9; − 0.9. C.I. 95% 7 years, − 2.2; − 1.0. C.I. 95% 8.5 years, − 2.8; − 1.1. C.I. 95% 10 years, − 4.6; − 1.9

Fig. 4  Estimated marginal means of BMI with standard errors at different time points showing the effect of EAR on BMI overtime. A Repeated 
Measures ANOVA showed a significant effect of EAR on BMI (F(2.03) = 5.53, p = 0.006, partial η2 = 0.15)
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we analyzed data that were entered into a clinical database with-
out an ab initio research purpose, that is following specific study 
requirements. Consequently, variables that may have an impact on 
the outcome considered may not have been recorded. Therefore, a 
bias from potential unmeasured confounders cannot be excluded. 
Secondly, despite efforts to address or account for misclassifica-
tion during the study design or analysis, through careful study 
design and accurate data collection methods, some degree of bias 
may still persist. Moreover, although we established specific and 
precise inclusion and exclusion criteria, the potential presence 
of some residual selection bias in our study cannot be ruled out. 
Finally, the monocentric nature may limit the generalizability of 
our study findings. Acknowledging these limitations, we stress 
the provisional nature of our findings and the necessity for future 
research to corroborate and refine our understanding of possible 
predictors of EAR in preterm-born children.

Conclusions

Preterm ELBW infants in our cohort developed EAR in a rela-
tively high percentage of cases. In this already at-risk popula-
tion, EAR may represent a further risk factor for adverse meta-
bolic outcomes in addition to prematurity itself and its related 
complications. Monitoring preterm-born children’s growth, 
including BMI changes, within a long-term follow-up program, 
lasting at least up to school age, and promoting and supporting 
human milk feeding in this vulnerable population is advisable.
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