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BPD

IVH

NEC

NICU

PDA

PVL

RDS

ROP

SGA

TEA

Bronchopulmonary dysplasia
Intraventricular hemorrhage
Necrotizing enterocolitis
Neonatal intensive care unit
Patent ductus arteriosus
Periventricular leukomalacia
Respiratory distress syndrome
Retinopathy of prematurity
Small for gestational age

Term-equivalent age
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ABSTRACT (221)

Background: Extremely preterm birth is associated with high risk of extra-uterine growth

retardation, which has been linked with adverse developmental outcomes.

Objective: We investigated whether nutritional management during the first seven days of life affects

growth patterns until the corrected age of two years in extremely preterm infants.

Study Design: A retrospective study of 78 extremely preterm (<28 weeks of gestation) neonates was
conducted. Data regarding parenteral and enteral intake of energy, protein, lipids and carbohydrates
during the first seven days of life were collected from patient records. The outcome measures included
weight, height and head circumference with Z-scores at term-equivalent age and the corrected ages

of one and two years. Analyses were performed with hierarchical linear mixed models.

Results: Nutritional intake during the first week of life did not reach the current recommendations.
Total intake of energy during the first seven days of life was statistically significantly associated with
weight, length and head circumference until the corrected age of two years after adjusting for potential

confounding factors. Individual macronutrient intake displayed no association with growth patterns.

Conclusions: Energy intake during the first seven days of life is associated with growth until the
corrected age of two years. These results provide support for aggressive early nutritional management

of extremely preterm infants.



53

54

55

56

S7

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

Introduction

Being born preterm carries a long-term health risk. Preterm infants are at high risk of postnatal growth
failure [1] and it is notable that while approximately 20 % of very low birth weight infants suffer
from intrauterine growth failure, at the corrected age of 36 weeks growth restriction is observed in
approximately 90 %. In addition, the number of infants with growth failure has not been reduced in
a manner similar to decreasing mortality and morbidity in preterm children [2]. Greater in-hospital
growth is associated with better neurodevelopmental and growth outcomes in extremely low birth
weight infants [3]. Nutrition could be one reason for this, and therefore the connection between the

early nutrition and later growth and development needs to be carefully studied.

Early postnatal nutrition is one of the components that may influence the infant’s growth and
cognitive development in the long-term [4]. The catabolic state should be avoided in extremely
preterm infants by starting parenteral nutrition shortly after birth, since the newborn infant’s own
caloric reserves and enteral intake are limited [5][6]. Greater energy and protein intakes in the first
week of life are associated with a better developmental outcome at the age of 18 months [7]. Early,
aggressive parenteral [8] and enteral [8][9] feeding results in better growth in very low birth weight
infants at term-equivalent age, but the more long-term effects of early nutritional management on
growth patterns in subjects born extremely preterm are less well known. The purpose of our study
was to investigate whether the received nutrition in the first week of life affects the growth of

extremely preterm infants until the corrected age of two years.
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Materials and methods

The primary study sample consisted of extremely low gestational age (< 28 gestational weeks) infants
treated at the Turku University Hospital newborn intensive care unit (NICU) and born between
January 2004 and December 2012 (n=155). Only inborn infants were included in the study, out-borns
(n=7) were excluded. The exclusion criteria for the study included severe congenital malformations
(n=7), death before the age of two years (n=30), infants with incomplete medical records (n=9) and
those with growth and developmental follow-ups at some other hospital (n=24). Therefore, the final

study sample consisted of 78 preterm infants (Figure 1).

Nutritional data were collected from patient documents used in the Turku University Hospital NICU.
Each nutritional day in the NICU begins at 2 PM, and nutritional data were therefore collected from
the first incomplete day with the corresponding hours and after that from the following seven
complete 24-hour periods. Also, the starting day of enteral nutrition and the total duration of
parenteral nutrition was recorded. The individual nutrient composition of human milk was not
assessed and therefore estimated concentrations for protein (1.5 g/100 ml), lipids (2.6 g/100 ml) and
carbohydrate (6.2 mg/100 ml) were used for calculations regarding human milk as recommended by
Cormack et al. [10]. The human milk used was primarily the mother’s own milk, added with donor
milk to achieve the targeted daily nutritional amounts. None of the infants received preterm formula

during the first week of life.

The daily macronutrient data were converted into grams per kilogram per day using the known
composition of each nutritional product and the infant’s birth weight. In parenteral nutrition, energy
content (parenteral protein 4 kcal/g, lipids 10 kcal/g and carbohydrate 3.4 kcal/g) was calculated by

each nutrient as recently recommended by Cormack et al [10]. Additionally, total amount of energy
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was calculated from the collected parenteral nutrition by the macronutrients and from the enteral

nutrition by estimating 65 kcal/100 ml for human milk [10].

Background data including the date and time of birth, sex, gestational age, birth weight, height and
head circumference with Z-scores, being small for gestational age (SGA, less than -2 SD), maternal
antenatal steroids, delivery method, Apgar scores and the umbilical arterial blood pH were collected
from the patient records. In addition, major neonatal morbidities including respiratory distress
syndrome (RDS), pneumothorax, patent ductus arteriosus (PDA), necrotizing enterocolitis (NEC),
early-onset culture-positive sepsis or meningitis (occurring before the age of three days), late-onset
culture-positive bacterial infection or coagulase-negative bacterial infection, fungal infection, cystic
periventricular leukomalacia (cystic PVL), bronchopulmonary dysplasia (BPD), intraventricular
hemorrhage (IVH), retinopathy of prematurity (ROP), the need for additional oxygen at the ages of
28 days and 36 gestational weeks, the duration of ventilator treatment, the use of medications
including postnatal steroids, indomethacin or ibuprofen, and whether the infant underwent surgery,
were recorded. The factors, which were sufficiently prevalent in the population and the most clinically

relevant were taken into our final statistical model.

The outcome measures of the study included weight, height and head circumference with their Z-
scores at term-equivalent age and the corrected ages of 12 and 24 months. The Z-scores for weight,
height and head circumference were recalculated using the new Finnish growth references [11] which
are designed and validated specifically for this population. The new Finnish growth charts also

include charts for premature-born infants, and they were used in this study to determine the Z-scores.

Numerical data were described as means with range and categorical data as counts and percentages.

The mean changes in weight, length and head circumference over two years (expressed as Z-scores)
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were analyzed using hierarchical linear mixed models for repeated measures (HLMM). The
Kenward-Roger correction was used, as well as compounds symmetry covariance structure. Potential
confounding factors were tested and statistically significant ones were selected to the final models.
Explanatory variables included in the models were energy intake during the first seven days of life,
gestational age, SGA, IVH and the age (birth as baseline, term-equivalent age, corrected ages of 12
and 24 months). In addition, interactions between these explanatory variables and age were evaluated
in the model to study whether the mean change is different depending on the explanatory variable’s
value. Pearson correlation (r) was calculated between energy intake and growth factors separately for
each age. A similar model was performed in which energy intake was replaced by protein, lipid and
carbohydrate intakes. P-values less than 0.05 were considered statistically significant (two-tailed).

The statistical analyses were generated using SAS software (version 9.3 for Windows).
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Results

The study population consisted of 41 boys and 37 girls with mean gestational age of 267 weeks
(range 23%7-27%7 weeks) and mean birth weight of 843 grams (range 530-1320 grams). A more

detailed view on clinical characteristics of the study population is presented in Table 1.

The mean intake of energy in the study population was 46.5 kcal/kg/day (ranging from 24.8 kcal/kg/d
to 80.7 kcal/kg/d) and did not reach the level of 120 kcal/kg/d currently recommended by the
European Society of Paediatric Gastroenterology, Hepatology and Nutrition (Table 2). A similar
phenomenon was observed with regard to individual macronutrients. It is notable, however, that some
of the infants reached the recommended levels of protein and energy intake from the first day. It is
also of note that the lipid intake during the first two days of life in the majority of neonates was almost

nonexistent.

Modest growth results were observed in the patient population during the first two years of life
(Figure 2). There was a statistically significant correlation between first week energy intake and
weight at term-equivalent age (r=0.55; p<0.0001) and the corrected ages of 12 (r=0.33; p=0.0028)
and 24 months (r=0.25; p=0.0255). Similar associations were observed between early energy intake
and height (TEA r=0.57; p<0.0001, 12 months r=0.38; p=0.0007 and 24 months r=0.26; p=0.0191)
and head circumference (TEA r=0.57; p<0.0001, 12 months r=0.29; p=0.0100 and 24 months r=0.26;

p=0.0234) at the corresponding ages (Figure 3).

After adjusting for potential confounding factors (gestational age, sex, the diagnosis of SGA and
IVH), the intake of energy during the first seven days of life was positively associated with weight

(HLMM; p=0.0008) and length (HLMM; p=0.0003) as well as head circumference (HLMM;
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p=0.0271) from birth until the corrected age of two years (Table 3, see the supplementary table 1 for
more detailed data). None of the macronutrients as individual factors were statistically significantly
associated with infant weight (for protein p=0.26, for lipids p=0.15 and for carbohydrates p=0.72),
length (protein p=0.19, lipids p=0.13 and carbohydrates p=0.77) or head circumference (protein

p=0.64, lipids p=0.58 and carbohydrates p=0.68) during the first two years of life.
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Discussion

Energy intake during the first seven days of life was correlated with growth until the corrected age of
two years in extremely low gestational age infants in this study. Increasing caloric intake has
previously been associated with enhanced growth during the first eight weeks of life [12] and an
aggressive early nutritional strategy has been shown to improve growth until the age of 40 weeks
postmenstrual age [8]. Our data extend these observations. We show that the association of very early
nutritional management of extremely preterm neonates with growth patterns extends through the first

two years of life.

The total amount of energy had a more significant role than any individual macronutrient in our study
population. On the macronutrient level, protein has been shown to positively affect preterm infant
growth in some earlier studies [13][14][15] while not in others [16][17]. In addition, enhanced growth
outcomes have been reported after administration of both early high protein and high lipid [18]. On
the other hand, a high-dose protein nutrition may also be harmful due metabolic consequences [19]

and differences between sexes in the amino acid administration and growth have been reported [20].

The infants in this study population did not receive the recommended amounts of energy or
macronutrients particularly during the very first days of life. This phenomenon is well recognized,
but the situation is gradually improving [21]. The present data were collected from subjects born
between the years 2004 and 2012 and, particularly during the first years, nutritional recommendations
for preterm infants differed considerably from the present. Accordingly, an increase in average

nutrient intake was observed in our subjects over time (Supplementary Table 2).
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Our results may be interpreted to suggest that early insufficient nutrition and the ensuing catabolic
state impacts the infant’s growth trajectory, therefore not reaching its full potential during the first
two years of life. Nutritional intake beyond the first week of life was not calculated in this study and
it is therefore possible that growth patterns were also affected by later nutrition. It has been previously
reported an earlier study that significant variation in the nutritional management of preterm infants
has previously been reported to occur during the first week of life [21]. However, all the subjects in
the study were treated at the same center with uniform nutritional guidelines for preterm infants both
during their stay in the NICU and after discharge. We therefore believe it is safe to assume that the
greatest variation in nutritional intake occurred during the first week of life. The reliability of our data
is further increased by the fact that the follow-up visits were conducted at the same university hospital,
using a standard protocol and are therefore highly comparable. The nutritional data collected were
the actual received nutrition, not an estimate. The outcome data collected were elaborate and based
on uniform criteria used by the Vermont Oxford Network. This enabled us to control for several
confounding factors when analyzing the data. Nonetheless, our relatively small sample size together
with the strict exclusion criteria, which may have created a positive bias, may also limit the

generalizability of our results.

Our statistical analysis took into account several possible confounding factors. The factors, which
were sufficiently prevalent in the population and displayed statistically significant associations in the
initial analyses, were taken into our final statistical model. However, even in a standardized situation
it was apparent that the most premature and critically ill children received the least nutrition as shown
in the first parallel in Figure 3. This may have resulted from limited fluid intake reserved for nutrition
after medications and other essential products. On the other hand, it has been suggested that clinicians

may be reluctant to provide significant amounts of parenteral nutrition to the most fragile preterm

11
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infants [22]. Nonetheless, our statistical model demonstrated that energy intake was an independent

factor associated with the children’s growth regardless of their illnesses.

Being born small for gestational age was independently associated with growth until the corrected
age of two years. The connection between intrauterine growth restriction and later growth is known
from earlier studies [23][24][25]. We interpret these data to suggest that intrauterine growth failure
may affect early infant growth patterns. It is notable that with intrauterine growth restriction, later
over-nutrition and consequent rapid growth is associated with metabolic consequences [26], while
under-nutrition [7] and deficient growth [27] with developmental ones. This dilemma calls for more
research to understand the determinants of healthy development in this population facing great health
risks. Furthermore, our data suggest that, in a similar fashion to intrauterine growth restriction, energy
depletion during the first days of life may be unfavorably associated with growth during the first two
years of life. Early neurodevelopmental outcomes in our study population would have been of great
interest, but due to insufficient resources a full neurocognitive evaluation was not performed to all

children.

Our results, together with the previously reported associations between early nutrition, growth and
neurodevelopment [28][29][30], underscore the significance of early nutritional management of
extremely preterm neonates. Recently, early high content of energy and lipids has been reported to
be associated with a lower incidence of brain lesions and better brain maturation at term-equivalent
age in preterm neonates [31]. These observations may indicate a more favorable developmental
outcome and are consistent with our present data. Nutrition deserves priority in everyday clinical
work. More attention should also be given to studying the long-term effects of nutrition. The
interconnections between nutrition, growth and neurologic and cognitive development deserve to be

assessed in adequately powered prospective clinical trials.
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Conclusion

Energy intake during the first seven days of life was independently associated with infant growth
until the corrected age of two years in this study. These results provide support for aggressive early

nutritional management of extremely preterm infants.
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FIGURE LEGENDS

Figure 1. Flow chart on final selection of the study population.

Figure 2. Mean growth parameters (Z-scores) at birth, term-equivalent age (TEA) and the corrected

ages of 12 and 24 months. Confidence intervals are presented in the accompanying table.

Figure 3. Scatter plots presenting between mean energy intake (x-axis) and weight, length and head

circumference (y-axis) at birth, term-equivalent age, corrected ages of 12 and 24 months. P-values

are based on Pearson correlation analyses.
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