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Abstract: Excessive weight gain in infancy may lead to obesity and its sequelae later in life. Children born 
preterm have higher associated risk of becoming obese than full term babies. The goal of the study was to 
examine early weight gain among preterm infants, who later in life became obese. In a retrospective chart 
review of 37 preterm infants, 27 grew to support a normal weight and 10 became obese. We demonstrated 
differences in early childhood weight gain dynamics with weight differences between groups noted at 6 
months of age that persisted later in life. Increased risk of obesity could be identified very early in infancy 
among preterm children. Early nutritional consult and attention to weight gain in infancy and early childhood 
are important steps in obesity prevention. 
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INTRODUCTION 
Over one-third of all children and adolescents 
were overweight or obese in the US in 2012 [1]. 
The Bogalusa Heart Study showed that children 
who became obese as early as age 2 were more 
likely to be obese as adults [2]. Society and 
healthcare providers now recognize the critical 
short- and long-term impacts of obesity on the 
health of the population. Prevention of adult dis-
eases is rooted in pediatric care and preterm ba-
bies might be prone to obesity in adulthood [3]. 

Prematurity is a significant medical problem, 
which affects nearly 500,000 babies each year in 
the United States. That is 1 of every 8 infants born 
in the United States [4]. Preterm babies may de-
velop prematurity-related complications including 
breathing problems, feeding difficulties, cerebral 
palsy, and developmental delays. Improvements 
in neonatal care have led to significant increases 
in surveillance of preterm babies, and today’s 
challenge for pediatricians is to provide the best 
possible care to ensure a healthy lifestyle for 
these children. 

The objectives of our study were to identify weight 
gain dynamics and the earliest age in preterm 
children when differences in weight-for-length ex-
ists between children who became obese or non-
obese in adolescence.  
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METHODS 
A retrospective chart review of 37 Texas Tech 
University Health Sciences Center at Amarillo Pe-
diatric Clinic patients was conducted. All charts 
from the clinic belonging to children between 10-
18 years old who were born at 37 or fewer weeks 
of gestational age were screened. Charts were 
pulled by electronic records using the ICD-9 code 
for prematurity.  

Only charts, which contained all well-child visits 
between birth and 24-months-old and had all ap-
propriate anthropometrical and demographic data 
were reviewed and included in the study. Mater-
nal, family, neonatal, and postnatal data were ab-
stracted. The child’s postnatal and childhood data 
included type of feeding, major illnesses, blood 
pressure, weight, and height. Weight-for-length 
data as a percentile of a normal curve from Cen-
ters of Disease Control and Prevention (CDC) 
charts database were analyzed for visits between 
2- and 24-months-of-age. Preterm low birth weight 
baby growth charts with sex specific weight-for-
length percentiles for a very-low-birth-weight 
group (< or = 1500 g) and a low-birth-weight 
group (1501-2500 g) were used [5]. 

BMI was calculated as the patient's weight 
(kg)/height2 (m) and children charts from the CDC 
were used for comparison. Obesity was defined 
as a BMI at or above the 95th percentile for chil-
dren of the same age and sex [6]. Among the 
study group 10 children had obesity and 27 nor-
mal weights. Overweight children were not in-
cluded in the study. 
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Children involved in the study did not have cere-
bral palsy or known congenital cardiac, endocrine, 
or renal disease. The study protocol was ap-
proved by the Amarillo TTUHSC Institutional Re-
view Board. 

Statistical analyses were performed using Stata, 
Version 10. Data were presented as mean (M), 
standard deviation (SD), and standard error of the 
mean (SEM). To compare weight gains before 24 
months in obese and non-obese groups, a two 
tailed t-test was used. 

RESULTS 
Of the 37 subjects, 27 adolescent subjects had 
normal weight and 10 were obese. Characteristics 
of the study groups are presented in Table 1. 
Children in both groups were comparable in ges-
tational age (33.4 ± 2.9 weeks in obese group vs. 
33.6 ± 2.3 weeks in non-obese group) and birth 
weight (2030.6 ± 461.3 g vs. 2017.8 ± 565.5 g, 
respectively) with relatively equal numbers of girls 
and boys. The number of formula-fed babies was 
greater among the obese group compared to the 
non-obese group (70% vs. 59%; p < 0.01).  

The dynamic and comparative analysis between 
weight-for-length growth in the obese and non-
obese groups is presented in Table 2 and illus-
trated in Figure 1. Differences between the two 
groups became obvious and significant by 6 
months-of-age (47.8 ± 5.1% vs. 24.1 ± 10.0%; p < 
0.03). The differences remained persistent with 
the highest gap between the groups at 15-
months-of-age (80.0 ± 11.7% vs. 43.7 ± 6.2%; p < 
0.0001) and at 24 months (65.1 ± 8.3 vs. 38.9 ± 
5.9%; p < 0.01).  

DISCUSSION 
Monitoring and attention to catch-up growth and 
nutritional needs of premature babies is critical for 
obesity prevention. Rapid postnatal weight gain 
after a period of nutritional restriction is associated 
with the development of insulin resistance and 
metabolic syndrome in later life [7]. It is now well-
recognized that preterm babies are prone to have 
unfavorable long-term health outcomes such as 
increased risk for central obesity, insulin resis-
tance, impaired glucose tolerance, type 2 diabe-
tes, and cardiovascular disease [8-10]. Pre-term, 
low birth weight babies may be obese in later life 

Table 1: Characteristics of Study Group 

Group Characteristics Obese 
n=10  

Normal Weight 
n=27 

Gestational age (weeks; M ± SD) 33.4 ± 2.9 33.6 ± 2.3 

Birth weight (g; weeks; M ± SD) 2030.6 ± 461.3 2017.8 ± 565.5 

Female (%) 48 30 

Male (%) 52 70 

Feeding   

Formula fed (%) 70 59 

Breast milk fed (%) 10 15 

Combined feeding (%) 20 26 

Distribution of Study Group Per Gestational Age 

Gestational age (weeks) n=37 

27-30 4 

31-34 14 

35-37 19 
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[11-14]. Catch-up weight gain between birth and 2 
years-of-age was shown to have a dramatic effect 
upon central adiposity and insulin resistance even 
at 4-years-old [11].  

Our data showed that at 6 months-of-age the dif-
ference in average weight among future obese 
and non-obese groups of children became obvi-
ous. At the same time, the individual weight-for-
length index, even after correction for gestation 
age, might look normal in children destined to be-
come obese. That fact makes an individual predic-
tion challenging and more study is needed to give 
pediatricians a reliable instrument to identify risk 
of obesity in preterm babies. The charts used re-
flected current (nutritional) practices, which needs 

optimization [7]. In our study, we showed how 
weight differences early in infancy predicted 
obese and non-obese weights in adolescence. 
Because it was a retrospective study we were un-
able to consider the whole spectrum of clinical 
data, including detailed nutrition and care in the 
NICU. In addition, we followed well-child visits 
starting at 2-months-old, although some very low 
birth weight babies might stay at the NICU beyond 
this age and were excluded from the study.  

Our data confirmed a conclusion made by others 
that weight gain in the first 6 months is especially 
predictive of later obesity risk due to the metabolic 
programming that can occur early postpartum 
[15]. We are in agreement with the authors that 

Table 2: Dynamic and Comparative Analysis Between Weight-for-Length Growth in Obese and 
Non-Obese Groups 

Months Obese Normal Weight p Value (Two Tailed) 

2 months 39.25 22.97 0.09 
4 months 40.11 31.37 0.348 
6 months 47.88 24.13 0.03** 
9 months 59.25 37.38 0.05* 
12 months 61.29 35.95 0.02** 
15 months 80.00 43.68 0.001*** 
18 months 65.62 39.34 0.05* 
24 months 65.11 38.88 0.01** 

* <0.05; **≤ 0.01; *** ≤ 0.001. 
 

 

Figure 1: Infant weight gain dynamic between obese and normal weighted adolescents born preterm * <0.05;  
**≤ 0.01; *** ≤ 0.001. 
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the first 6 months are a critical window, and it is 
true not only for term, but preterm babies.  

A significant jump in weight gain between 12 and 
15 months seems to occur when children are 
weaned from formula or breast milk. This is also a 
critical time to address the concern of obesity in 
the clinical setting. It corresponds to data of Ahn 
et al. that showed that the early 'catch-up phe-
nomenon' with an accelerated growth rate oc-
curred around 11-months-of-corrected-age in pre-
mature babies [16]. 

The prevalence of formula-fed babies among the 
obese preterm children in our cohort is a modifi-
able factor, which could prevent obesity. These 
data support Zarrati et al. findings, which showed 
that breast milk feeding and its long-term conse-
quences were important factors for preventing 
metabolic syndrome in childhood and later life 
[17]. Breastfeeding and timely introduction of 
complimentary foods are widely considered strong 
protectors against obesity later in life [18,19]. 
More attention is now paid to individual character-
istics of breast milk. Thus, human milk high in 
adeponectin, which is an insulin-sensitizing and 
anti-inflammatory molecule, affects infants’ weight 
trajectories during the first two years of life [20]. 
Breast feeding during the first year of life with slow 
introduction of baby-food might have life-long 
benefit for preterm babies. 

Ong et al. identified a role of leptin in the regula-
tion of infancy weight gain, and suggested a 
mechanism whereby infants may 'catch-up' in 
growth postnatally. Interesting recent work 
showed that higher perinatal leptin was associ-
ated with lower 3-year adiposity, whereas higher 
age 3 leptin was associated with greater weight 
gain and adiposity in later childhood [21]. Other 
authors have lower levels of leptin in pre-term in-
fants compared with term newborns [22]. Maternal 
diet could be an additional modifiable factor affect-
ing levels of leptin in breast-fed babies, and is 
preferable for preterm infants [23]. The current 
practice of fortification of expressed breast milk 
may increase weight gain and skeletal and head 
growth during infancy [22]. Feeding preterm ba-
bies with nutrient-enriched formula following hos-
pital discharge is a common practice. Some evi-

dence suggests this may increase growth rates up 
to 18 months corrected age, but there is no long 
term outcome data to compare nutrient-enriched 
formula versus standard formula in premature 
born babies at older ages [24]. 

An adverse intrauterine environment is a risk fac-
tor for excessive catch up growth [25]. The vast 
majority of our babies were adequate for gesta-
tional age. It is possible, that the approach to early 
nutrition might be different to those for preterm 
babies who were born small for gestational age, 
with intrauterine growth retardation and those who 
are although small are adequate for gestational 
age in terms of birth weight. More research is 
needed on this topic.  

A multicenter European study focused on the in-
troduction of solid food and growth in the first 2 
years of life in formula-fed children. The study was 
not centered on preterm babies, but showed that 
babies who received solid-food during the first 12 
weeks of life experienced early catch-up growth, 
whereas those introduced to solid food at >22 
weeks of age grew more slowly and stayed on 
lower trajectories [26]. Unfortunately, no similar 
high-quality studies have been conducted with 
preterm babies. 

All these findings indicate the need for early vigi-
lance in monitoring and addressing catch-up 
growth to prevent obesity as a future sequelae. 
Encouragement of breast feeding, timely changes 
from high to normal caloric formulas, and nutri-
tional consultation are all easy, but extremely 
valuable interventions that could prevent obesity 
in the vulnerable preterm pediatric population. The 
suggestion of Fanaro to focus on improving the 
early nutrient management of premature infants in 
NICU allowing babies to reach an adequate 
growth rate (at least 18-20 g/kg/d) to avoid the 
need of a late unphysiological catch-up growth 
seems very reasonable [27]. 

Although we noticed the weight difference be-
tween infants who were born preterm and became 
obese versus those who did not, our study did not 
identify the best recipe for feeding. Multicenter 
national studies are needed to define the best ap-
proach to nutrition in the NICU and post-discharge 
for preterm born babies. The results of such stud-
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ies would direct post-hospital discharge nutrition 
planning for general pediatricians, give reliable 
instruments to measure nutritional adequacy, and 
help prevent obesity in individuals born preterm.  

CONCLUSION 
Careful monitoring of weight gain may lead to 
early anticipation of future obesity. High caloric 
formulas for low birth weight babies and fortifica-
tion of expressed breast milk should be reconsid-
ered at least by the age of 4-months-old, even if 
actual percentile on weight-for-length values for 
preterm babies are normal. Early nutritional con-
sult and attention to weight gain early in life are 
important steps in obesity prevention.  
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