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Summary
A high proportion of preterm infants, especially VLBW, are growth re-

tarded at hospital discharge. This deficit remains high into infancy and child-
hood. Several randomised studies have shown that growth deficit, particularly
in boys, is greater in preterm infants fed standard term formula than in those
fed nutrient-enriched diets (preterm formula or post discharge formula). This
is not surprising since standard formula is designed to meet the needs of the
term infant. After hospital discharge, preterm infants fed unfortified human
milk versus nutrient-enriched formulas have slower growth rates and lower
bone mass during infancy. These findings suggest that the post-discharge
period may be a critical time for influencing the important phase of catch-up
growth that is characterised by an increase in the speed of growth in order to
reach normal growth trajectory levels. Further studies and more in-depth stud-
ies are needed to establish whether differences persist or have long-term
consequences, and to clarify which formulas are most suitable to fill the needs
of the former preterm infants during the first years of life.

Introduction
Over the past two decades the clinical management of preterm infants has

improved considerably, and survival rates have increased, especially for very
low birth weight (VLBW, birth weight <1,500g) and extremely low birth
weight (ELBW, birth weight <1,000 g) newborns (1-8).

The greater survival of VLBW newborns has led to new problems involv-
ing nutritional aspects, morbidity, and growth restriction, both during hospi-
talisation and after discharge.
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Over the last few years, it has become quite clear that one of the most
important aspects involved in the care of VLBW newborns is the adequate
intake of the nutrients that are needed to fulfill the complex nutritional re-
quirements of these patients.

The American Academy of Pediatrics (AAP) recommendations state that
preterm infants must be ensured the nutrition that will provide them with the
qualitative and quantitative growth similar to that of a fetus of the same post-
menstrual age, and that will maintain normal concentrations of blood and
tissue nutrients (9).

Ziegler et al (10) calculated the nutrient intake that is needed at various
gestational ages to achieve the same weight gain as the fetus (Table 1).

However, it is actually quite difficult to reach the objectives recommended
by the AAP due to a number of reasons, including ; the difficulty in assuring
the appropriate protein and energy requirements as of birth, the need to avoid
the morbidity that is associated with prematurity, and the use of the most
suitable formulas to meet the needs of the various categories of VLBW in-
fants.

Several studies have examined the postnatal growth of preterm infants and
have demonstrated that a high proportion of preterm infants, especially VLBW,
are growth retarded at hospital discharge. The percentage of ELBW infants
who are below the 10th percentile for weight, length and head circumference
at discharge is close to 80% (11).
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This deficit remains high into infancy and childhood (12,13,14).
Lemons et al (2) reported that growth failure, defined as weight less than

the 10th percentile at 36 weeks post-menstrual age, was present in 97% of all
preterm infants whose birth weight was <1,500 g, and in 99% of infants
whose birth weight was <1,000g.

The reasons for delayed growth at the time of hospital discharge are mainly
due to the anatomical and functional immaturity of low birth weight (LBW)
infants and to their pathological conditions. In fact, the greater the morbidity,
the higher the degree of postnatal growth delay at hospital discharge.

Fig 1 shows the growth curves of infants with greater or lesser morbidity.
VLBW newborns with lower weight and greater morbidity require more time
for their catch-up growth (an increased velocity of growth observed after a
temporary arrest of growth) (15).

The greater need for intensive and subintensive care in VLBW and espe-
cially in ELBW infants involves a longer period of catch-up growth, and, as
a consequence, a greater growth deficit. This problem is also related to the
reduced intake of nutrients as compared to the nutritional and growth needs
of the child. In fact, after birth, feeding should begin with small amounts of
milk, which must then be gradually increased in order to minimise the risks
of feeding-related complications and to avoid intolerance to nutrients or metabolic
instability. Moreover, feeding is often discontinued due to the worsening
clinical situation or because of the need to perform invasive procedures.

A study by Embleton et al (16) quantified the nutritional deficit in hospi-
talised preterm infants whose birth weight was 1,750 g or less, and who were
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fed according to a standard protocol (Fig. 2). The cumulative energy deficit
in infants whose gestational age (GA) was 30 weeks or less was 406 Kcal/Kg
+ 92 Kcal and 813 Kcal/Kg + 542 Kcal by the end of the first and fifth weeks
of life, respectively. Protein deficits at these ages were 14 + 3 g/Kg and 23
+ 12 g/Kg, respectively. Infants whose GA was 31 weeks or more also had
high, though less significant, deficits (Fig 2).
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Energy and protein deficits at discharge are inevitable in preterm infants.
In fact, the lower the birth weight of the newborn, the greater the degree of
deficit (17).

Such deficits inevitably increase in infants who are fed term formula or
unsupplemented breast milk after discharge. In addition, a specific nutrient
deficiency in preterm infants involves a mineral deficiency that may have an
impact on growth (18,19) since most body stores of minerals are accumulated
during the last trimester of pregnancy.

During the first weeks after birth, it is difficult to ensure that newborns
receive adequate dietary and mineral intake. In particular, calcium and phos-
phorus are especially important in the smallest and in the sickest low birth
weight infants in order to minimise bone demineralisation and negative bal-
ance at the time of hospital discharge (20,21) since these conditions have
been found to limit both linear growth and catch-up growth.

Children with biochemical evidence of metabolic bone disease during the
neonatal period were significantly shorter at follow-up. (22)

Several studies carried out in the post-discharge period have shown that
former preterm newborns have low bone mineral content, with the lowest
values being found in infants who had received unsupplemented human milk
(21,23,24).

At discharge, other minerals were found to be in negative balance in preterm
infants. Ehrenkranz (25) quantified the total body content of zinc, copper and
iron at discharge in apparently healthy, low birth weight infants. The mineral
content they predicted was lower than what was expected in utero at 36
weeks’ gestation, and mineral levels proved to be lower in newborns who had
been fed preterm formula rather than fortified human milk.

Nutritional Options After Discharge
An important issue concerns whether the long term consequences of post-

natal growth retardation in preterm infants can be improved by post-discharge
nutritional intervention. At discharge, LBW infants have peculiar nutritional
requirements since the majority are of 34-35 weeks of gestational age, weigh
between 1,800-2,000 g and, as highlighted before, have delayed growth. After
discharge from hospital, preterm newborns are fed without restrictions and,
generally speaking, an increase in both milk intake and in growth are ob-
served. In the first months after term correct age (CA), a more important
phase of catch-up growth takes place that is characterised by an increase in
the speed of growth in order to reach normal growth trajectory levels. Most
catch-up growth is observed in the first 2 to 3 years of life and, in some cases,
may continue until adolescence.

The velocity of postnatal catch-up growth in LBW infants depends on
many factors including birth weight, gestational age, intrauterine growth, type
of neonatal pathology, clinical course, constitutional characteristics of the
child’s parents, and nutritional intake.

Carver et al demonstrated (26-29) that preterm infants with accelerated
catch-up growth have better outcomes.
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The amount and quality of nutrition is one of the most important factors.
In the past, following discharge from hospital, preterm infants were fed with
either human milk (HM) or with term infant formula (TF). Both these types
of feeding are formulated to assure the nutritional needs of the term infant
rather than of preterm infants. Thus, this resulted in preterm infants being
underfed during the first 6-12 months of life.

Over the last few years, the number of available options have increased in
an effort to provide preterm infants with more suitable nutritional intake
during hospitalisation and after discharge. This is done by delaying the switch
from enriched formulas to TF.

Currently, four dietary options are available and they include; HM, TF,
preterm formula (PTF), and nutrient-enriched, post-discharge formula (PDF)
(Table 2). Preterm infants are discharged with one of these nutritional op-
tions. In Italy, most preterm infants receive PTF or breast milk or a combi-
nation of the two at discharge. Infants who are given PTF continue receiving
this formula until their weight reaches 3,500 g.

Term Formula Versus Preterm Formula
PTF provides higher levels of nutrients as compared to TF. The main

differences between PTF and TF formulas concern energy content (approxi-
mately 80 Kcal/100ml versus 67 Kcal/100ml) and protein content (2.4 g/
100ml versus 1.4 g/100ml).

Other characteristics regard the addition of greater amounts of calcium,
phosphorus, zinc, trace elements, and vitamins to PTF formula.

Most of the studies comparing PTF and TF administration after discharge
were published in the 1990s. All the randomised trials reported that infants
who were fed with PTF had increased catch-up growth.

Chan et al (30,31) performed two randomised trials on healthy preterm
infants who were fed TF, or special post-discharge formula, or PTF from the
time of hospital discharge until 8 weeks of age. The energy supplied by each
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of the three formulas was 20 Kcal/oz, while the protein content differed
among the three. At 8 weeks of age, the anthropometric parameters were
similar for all feeding groups.

Wheeler and Hall (32) fed preterm infants either TF or PTF containing a
protein intake of 1.8 g/liter for 8 weeks after discharge. Both formulas con-
tained 20 Kcal/oz. No differences were observed between the two groups with
regards to weight, while the infants who were fed PTF had greater mean
length and head circumference.

The largest study comparing the growth of infants fed with TF versus PTF
formulas was carried out by Cooke et al (33). At hospital discharge, preterm
infants (<1,750 g birth weight) were randomly assigned to be fed either a
preterm formula (80 Kcal/100ml) or a term formula (68 Kcal/100ml) until 6
months’ CA.

A third group of infants was fed with PTF until term, and then TF till 6
months.

Infants who were fed PTF took lower volumes of milk (180 ml/Kg) and
had similar energy intake but they received greater protein intake (around 4
g Kg/day), as well as greater amounts of calcium and phosphorus than the
other groups. Male infants who were fed PTF after discharge were signifi-
cantly heavier and longer and had greater head circumference by 6 months’
CA than those who were fed TF, with the greatest growth rates being ob-
served between discharge and term CA.

At 18 months’ CA, males fed PTF continued to be heavier (on average 1
kg), longer (on average 1 cm) and had larger head circumference (on average
1 cm) than male infants fed TF(34).

At 12 months’ CA, males fed PTF also had the greatest lean body mass,
fat mass and bone mineral mass as measured by dual x-ray absorptiometry
(DXA).

Body composition measurements demonstrated that the increase in weight
consisted predominantly of lean body mass rather than fat mass.

Neurodevelopmental evaluation was carried out at 18 months’ CA using
the Bayley scales of infant development, and showed no differences among
the 3 groups.

Agosti et al (35) published the results of the Italian GAMMA study regard-
ing 121 randomised newborns whose birth weight was <1,500 g. Infants were
divided into two groups, one (group A) was fed with PTF (80 Kcal/100 ml),
the other one (group B) was fed with TF (70 Kcal/100 ml) from 40 weeks ‘
to 55 weeks’ CA.

At one year of age, both weight and head circumference were greater in
infants fed with PTF, and the difference was only significant at 55 weeks’ and
at 6 months’ CA in male infants. The small for gestational age (SGA) newborns
had a greater increase in length at one year of age, while head circumference
growth caught up from week 40 to week 55. Evaluation by the Griffiths’
Developmental scale at 6 and at 9 months showed that males who had been
fed PTF had better scores.
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Post-Discharge Formula Versus Term Formula
The amounts of nutrients that are provided by PDF range between the

amounts provided by TF and PTF.
The energy provided by PDF is approximately 75 Kcal/100ml. The main

difference between PDF and TF formulas concerns the protein content (1.9 g/
100ml versus 1.4 g/100ml). Other differences regard the higher amounts of
calcium, phosphorus, zinc, trace elements and vitamins that are found in PDF
as compared to TF.

One of the first scientific studies was published by Lucas et al in 1992
(36,37), and it involved 31 preterm infants with birth weight <1,800 g and
gestational age < 34 weeks, who were recruited randomly prior to discharge.

Fifteen newborns were fed with TF and 16 with PDF from the time of
hospital discharge to 9 months’ CA. At 9 months’ CA, PDF-fed infants were
heavier and longer than TF-fed infants. PDF-fed infants showed progressive
catch-up towards the 50° percentile for weight and length, while the TF group
remained closer to the 10° percentile. At 3 and 9 months’ CA, bone mineral
content was higher in the infants who had been fed with PDF.

Afterwards, the same investigators conducted a larger, randomised trial
(38) regarding 229 preterm infants with a mean birth weight of approximately
1,389 g and a mean gestational age of 30.9 weeks. Between discharge and 9
months’ CA, 113 infants were fed with PDF and 116 with TF.

A reference group of 65 infants were breast-fed for at least 6 weeks after
term CA. At 9 months’ CA, PDF infants were significantly heavier and longer
than TF infants and the difference in length persisted till 18 months’ CA. The
growth differences appeared greater in boys, who had a length advantage of
1.5 cm.

The mean weight of PDF-fed infants was still below the 50° centile. At 9
months’ CA, breast-fed infants had lower growth rates than PDF-fed infants.
No differences were detected between the treatment groups with regards to
head circumference or developmental outcome at 9 and 18 months’ CA.

The study by Carver et al. (39) involved preterm infants whose birth weight
was 1,800 g or less, stratified according to birth weight (<1,250, >1,250 g),
and randomised to be fed either PDF or TF between discharge and 12 months’
CA. At 3 months’ CA, infants who had been fed PDF were significantly
heavier than those fed with TF. The PDF-fed infants whose birth-weight was
below 1,250 g had greater head circumference at term and at 3, 6 and 12
months’ CA. Males showed a greater increase in catch-up growth than fe-
males. Energy intake was similar in the two groups but protein intake was
higher in preterm infants who were fed with PDF. Moreover, this latter group
had lower milk intake.

De Curtis et al (40) randomised a group of preterm infants (<31 weeks’
gestational age, birth weight < 1,750 g), including 16 who were fed PDF and
17 who were fed TF from hospital discharge (37 weeks’ CA) till two months’
CA. Energy and protein intakes were greater in PDF-fed infants, but there
were no differences in milk intake. Anthropometric variables were evaluated
longitudinally, and body composition using DXA was assessed twice, i.e.,
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prior to discharge and at 2 months’ CA. No differences where detected in
growth or body composition between the two groups.

The Cochrane Neonatal Review Group method was used by Henderson et
al (41) to review the evidence from randomised, controlled trials which had
shown that, as compared to standard TF, feeding infants with calorie and
protein-enriched formulas following hospital discharge improves the growth
and development of preterm or low birth weight infants. They found six trials
that were eligible for inclusion, and thus reviewed a total of 424 infants.

The analysis of data showed that several aspects of the studies differed,
including the energy and protein contents of nutrient-enriched formulas, which
varied from 72-80 Kcal/100ml and 1.8-2.2 g/100 ml ; the duration of nutri-
tional intervention, that went from term to 12 months’ CA ; cohort sizes,
which ranged from 20 to 229 infants; the presence or absence of stratification
for degree of immaturity and gender.

The first evaluation concerned the amount of growth during the trial pe-
riod.

The results obtained by De Curtis(40) et al. highlighted that growth veloc-
ity changes rapidly from term to 2 months’ CA, but that there are no signifi-
cant differences between groups.

Meta-analysis of data from two trials (34,38) revealed a statistically sig-
nificant effect on crown-heel length at 18 months’ CA (weighted mean dif-
ference 9.7 millimeters), but not on weight or head circumference. Meta-
analysis of data from the trials that assessed neurodevelopment at 18 months’
CA revealed no statistically significant differences in either Bayley Mental
Development Index or in the Psychomotor Development Index.

These authors concluded that the limited, available data do not provide
strong evidence to claim that feeding preterm or low birth weight infants with
calorie and protein enriched formula following hospital discharge affects growth
rates or development up to 18 months’ CA.

Recently, Koo and Hockman (42) published a randomised, double blind
study on the nutritional effects that were observed in two groups of preterm
infants, 45 of whom were fed TF and 44 who received PDF after discharge.
Birth weights of the infants ranged from 630 to 1,620 g (median 1,250 g) and
gestational ages went from 24 to 34 weeks (median 29 wks). The infants were
discharged at day 43.2, and the two formulas were administered until 1 year
after discharge. Weight, length, and head circumference were measured at
enrollment into the study, and at 2, 4, 6, 9, and 12 months after discharge.
Total body bone mass as bone mineral content (BMC) and fat and lean mass
were measured by DXA at enrollment and at 2, 4, 6, and 12 months after
discharge.

The authors concluded that the use of nutrient enriched formula for preterm
infants after hospital discharge shows no advantages over TF with regards to
growth, bone mineralisation, or body composition. Neither gender nor race
had independent effects on bone, fat or lean mass. More studies are needed
to determine the optimal post-discharge nutrition support for preterm infants.

More recently, Litmanovitz et al. (43) carried out a longitudinal pilot study
comparing the effects of PDF to those of TF on very low birth weight infants
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in the first six months post term. Two matched groups of VLBW infants were
randomly assigned to either PDF (n° 10) or TF (n° 10) at 40 weeks’ CA.
Anthropometric parameters of growth, and measurements of bone speed of
sound (SOS), indicating bone strength and bone turnover markers were evalu-
ated at term and at three and six months’ CA. The anthropometric parameters
of infants fed PDF and TF were comparable at 3 and 6 months’ CA. No
statistically significant differences were found between the two groups re-
garding growth and bone SOS measurements. Thus, the authors concluded
that PDF feeding after term CA in VLBW infants had no short-term benefi-
cial effects on growth, on bone strength, or on bone turnover..

Post-Discharge Breast Feeding
Mature human milk is designed to meet the needs of the term infant and

not those of the preterm infant. During hospitalisation, preterm infants who
are fed human milk usually have slower growth rates and lower degrees of
bone mineralisation than formula fed infants (21,44). Recommendations state
that human milk should be fortified with additional nutrients (10). The main
limit to the use of human milk fortifiers is the dynamic variation in the
composition of human milk, whose quantity and quality vary from person to
person and throughout the duration of breast milk feeding.

The use of human milk fortifiers is usually discontinued at the time of
hospital discharge. There are few data regarding the adequacy of human milk
in feeding VLBW infants post-discharge from hospital. The available data
however, do indicate that the preterm infants fed unfortified human milk
versus nutrient-enriched formulas have slower growth rates and lower bone
mass during infancy (30,38, 45-49). Wauben et al. (50), examined body com-
position after hospital discharge and found that infants who had been fed
human milk had lower bone mineral content and increased fat accretion as
compared to those who had been fed enriched-nutrient formula.

 On the basis of these findings, Hall et al. (51), suggested that post- dis-
charge calcium, phosphorus and vitamin D supplementation may be neces-
sary in up to 50% of breast-fed infants whose birth weight is below 1,880 g.

The differences in body composition with regards to the kind of feeding
that is provided support the idea that “ we are what we eat”. Not only do
insufficient energy and protein intake lead to less growth, but they also result
in less lean mass and more fat mass. If mineral intake is inadequate, not only
will infants show poorer growth, but anomalies in bone mineral accretion and
metabolism will also be observed.

Early under-nutrition of infants may have negative consequences on growth
and on neurological development. The early growth deficit in VLBW newborns
is part of the complex concept of “ programming”,which implies that stimulation
during the critical phase of development may have long-term biological effects.
The consequences of nutritional programming may be of the endocrinological,
metabolic, or cardiovascular type. Recent data have shown that low birth weight
and quick catch-up may lead to disorders in the adult age, such as cardiovascular
disease and non insulin depent diabetes mellitus (52).
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Concluding Remarks
Some comments and some questions have arisen based on the results of

studies dedicated to the nutrition of preterm infants after discharge.
The first issue regards the methodological differences among several stud-

ies and the consequent difficulty in obtaining comparable results.
Meta-analysis of the data taken from the most significant trials reached

different conclusions as compared to those stated by the authors. With regards
to post discharge administration of nutrient-enriched formula versus standard
formula in preterm infants, most studies showed greater, though not statisti-
cally significant, growth. Not only do the effects on growth vary depending
on the type of formula, but they also depend on the type of parameters that
are evaluated and the time of evaluation. The anthropometric variables of
growth that are usually evaluated, i.e., weight, length, and head circumfer-
ence, have varying trends, which are not always comparable among studies.

Neurodevelopmental outcomes also improve with nutrient-enriched for-
mula, but the long term effects are still unclear.There is currently no evidence
that calorie and protein-enriched formula milk increases head growth or im-
proves neurodevelopmental outcomes, when assessed at 18 months’ CA.

Another aspect concerns the composition of the formula with respect to the
characteristics of the newborn. The energy, protein and mineral content of the
nutrient enriched formulas used in the studies varies, as does the typology of
the newborns. Of course, the characteristics of preterm VLBW differ from
those of ELBW, and nutritional needs vary depending on the differences
between intra and extra uterine conditions in preterm infants.

Another issue that emerges from the studies concerns the different results
that are obtained with respect to the length of time the formula is adminis-
tered. Nutrient-enriched formula must be administered for at least 6 months
in order to ensure a beneficial effect.

The most spontaneous questions that arise from these issues are the fol-
lowing;

Which formulas are most suitable to fill the needs of the former preterm
infants during the first year of life?

How long should this formula be administered?
What are the effects of nutrition on the first phase of life beyond 18

months (which is the maximum term used in the trials)?
There are no easy answers to these questions. Further research and more

in-depth, easily comparable studies are needed, not only on enriched formu-
las, but also on the complementary feeding that is administered after 4 month’
CA, but that none of the studies that were analysed took into consideration.

References
1. Horbar J, Badger GJ, Carpenter JH, et al for the members of the Vermont Oxford

Network. Trends in mortality and morbidity for very low birth weight infants,
1991-1999. Pediatrics. 110:143-151, 2002.

2. Lemons JA, Bauer CR, Oh W, et al. Very low birth weight outcomes of the
National Institute of Child Health and Human Development Neonatal Research



274 8th World Congress of Perinatal Medicine – WCPM

Network, January 1995 through December 1996. NICHD Neonatal Research Network.
Pediatrics.;107(1) 2001 Available at: pediatrics.org/cgi/content/full/107/1/e1.

3. Lorenz JM. Survival of the extremely preterm infant in North America in the
1990s. Clin Perinatol. 27:225-262, 2000.

4. Finnstrom O, Olausson PO, Sedin G, et al. The Swedish National prospective
study on extremely low birth weight (ELBW) infants. Incidence, mortality, mor-
bidity and survival in relation to level of care. Acta Paediatr. 86:503-511, 1997.

5. Fanaroff AA, Wright LL, Stevenson DK, et al. Very low birth weight outcomes
of the National Institute of Child Health and Development Neonatal Research
Network, January 1993 to December 1994. Am J Obstet Gynecol. 173:1423-1431,1995.

6. Avroy A, Fanaroff AA, Hack M, Walsh MC. The NICHD Neonatal Research
Network: Changes in Practice and Outcomes During the First 15 Years. Seminars
in Perinatology. Vol 27, No 4 (August) : pp281-287,2003.

7. Meadow W, Lee G, Lin K, Lantos J. Changes in Mortality for Extremely Low
Birth Weight Infants in the 1990s: Implications for Treatment Decisions and
Resource Use. Pediatrics Vol. 113 No. 5 May, 2004.

8. Lucey JF, Rowan CA, Shiono P, Wilkinson AR, Kilpatrick S, Payne NR, Horbar
J, Carpenter J, Rogowski J, Soll RF. Fetal Infants: The Fate of 4172 Infants With
Birth Weights of 401 to 500 G. Vermont Oxford Network Experience (1996-
2000). Pediatrics 113:1559-1566, 2004.

9. American Academy of Pediatrics, Committee on Nutrition: Pediatric Nutrition
Handbook, ed 5: Elk Grove Village, I11, American Academy of Pediatrics, 2004.

10. Ziegler EE, Thureen PJ, Carlson SJ, Aggressive nutrition of the very low birthweight
infant. Clin Perinatol. Jun;29(2):225-44,2002.

11. Lucas A. Nutrition, growth and development of post-discharge preterm infants. In:
Posthospital nutrition of the preterm infant. Report of the 106th Ross Conference
on Pediatric Research. Columbus, OH: Ross Products Division, Abbott Laborato-
ries; p.81-5, 1996.

12.  Kitchen WH, Doyle LW, Ford GW et al. Very low birth weight and growth to
age 8 years. I: Weight and height. Am J Dis Child 146:40-5, 1992.

13. Casey PH, Kraemer HC, Bernbaum J et al. Growth status and growth rates of a
varied sample of low birth weight, preterm infants: a longitudinal cohort from
birth to three years of age. J Pediatr 119:599-605, 1991.

14. Qvigstad E, Verloove-Vanhorick SP, Ens-Dokkum MH et al. Prediction of height
achievement at five years of age in children born very preterm or with very low
birth weight: continuation of catch-up growth after two years of age. Acta Paediatr
82:444-8, 1993.

15. Ehrenkranz RA, Younes N, Lemons JA, et al: Longitudinal growth of hospitalized
very low birth weight infants. Pediatrics 104:280-289, 1999.

16. Embleton NE, Pang N, Cooke RJ: Postnatal growth retardation: An inevitable
consequence of current recommendations in preterm infants? Pediatrics 107:270-
273, 2001.

17. Ernst KD, Radmacher PG, Rafail ST, et al: Postnatal malnutrition of extremely
low birth-weight infants with catch-up growth postdischarge. J Perinatol 23:447-
482, 2003.

18. Zlotkin SH, Atkinson S, Lockitch G: Trace elements in nutrition for premature
infants. Clin Perinatol 22:223-240, 1995.

19. Aggett PJ: Trace elements of the micropremie. Clin Perinatol 27:119-129, 2000,.
20. Horsman A, Ryan SW, Congdon PJ, et al: Osteopenia in extremely low birthweight

infants. Arch Dis Child 64:485-488,1989.



275Florence, Italy, September 9-13, 2007

21. Greer FR, McCormick A: Bone Growth with low bone mineral content in very
low birth weight premature infants. Pediatr Res 20:925-928, 1986.

22. Fewtrell MS, Cole TJ, Bishop NJ et al. Neonatal factors predicting childhood
height in preterm infants: evidence for a persisting effect of early metabolic bone
disease? J Pediatr 137:668-73, 2000.

23. James JR, Congdon PJ, Truscott J et al. Osteopenia of prematurity. Arch Dis Child
61:871-6, 1986.

24. Tsukahara H, Sudo M, Umezaki M et al. Measurement of lumbar spinal bone
mineral density in preterm infants by dual-energy X-ray absorptiometry. Biol
Neonate 64:96-103,1993.

25. Ehrenkranz RA. Response: micronutrients-zinc, copper and iron. In : Posthospital
nutrition of the preterm infant. Report of the 106th Ross Conference on Pediatric
Research. Columbus, OH: Ross Products Division, Abbott Laboratories; p.41-2,
1996.

26. Latal-Hajnal B, von Siebenthal K, Kovari H, et al: Postnatal growth in VLBW
infants: Significant association with neurodevelopment outcome. J Pediatr 143:163-
170,2003.

27. Wocadlo C, Rieger I: Developmental outcome at 12 months corrected age for
infant born less than 30 weeks gestation: Influence of reduced intrauterine and
postnatal growth. Early Hum Dev 39:127-137, 1994.

28. Hack M, Merkatz IR, Gordon D, et al: The prognostic significance of postnatal
growth in very low-birth weight infants. Am J Obstet Gynecol 143:693-699,1982.

29. Ross G, Lipper EG, Auld PA: Physical growth and developmental outcome in
very low birth weight premature infants at 3 years of age. J Pediatr 107:284-286,
1985.

30. Chan G.M..Growth and bone mineral status of discharged very low birth weight
infants fed different formulas or human milk. J. Pediatr. 123:439-443, 1993.

31. Chan G.M., Borschel M.V., Jacobs J.R..Effects of human milk or formula feeding
on the growth behaviour and protein status of preterm infants discharged from the
newborn intensive care unit. Am.J. Clin Nutr. 60 :710-716, 1994.

32. Wheeler R.E., Hall R.T. Feeding of premature infant formula after hospital dis-
charge of infants weighing less than 1800 g at birth. J. Perinatal 16:111-116,
1996.

33. Cooke RJ, Griffin IJ, McCormick K, et al: Feeding preterm infants after hospital
discharge: Effect of dietary manipulation on nutrient intake and growth. Pediatr
Res 43:355-360, 1998.

34. Cooke R.J., Embleton N.D., Griffin I.J. et al. Feeding preterm infants after hos-
pital discharge :growth and development at 18 months of age. Pediatr. Res. 49:719-
722, 2001.

35. Agosti M, Vegni C, Calciolari G, et al: Post-discharge nutrition of the very low
birth-weight infant: Interim results of the multicentric GAMMA study. Acta Paediatr
Suppl 91:39-43,2003.

36. Lucas A, King F, Bishop NB: Postdischarge formula consumption in infants born
preterm. Arch Dis Child 67:691-692,1992.

37. Lucas A, Bishop NJ, King FJ, et al: Randomised trial of nutrition for preterm
infants after discharge. Arch Dis Child 1992; 67:324-327,1992.

38. Lucas A, Fewtrell MS, Morley R, et al: Randomized trial of nutrient-enriched
formula versus standard formula for postdischarge preterm infants. Pediatrics
108:703-711,2001.

39. Carver JD, Wu PYK, Hall RT, et al: Growth of preterm infants fed nutrient-
enriched or term formula after hospital discharge. Pediatrics 107:683-689, 2001.



276 8th World Congress of Perinatal Medicine – WCPM

40. De Curtis M, Pieltain C, Rigo J: Body composition in preterm infants def standard
term or enriched formula after hospital discharge. Eur J Nutr 41:177-182, 2002.

41. Henderson G, Fahey T, McGuire W : Calorie and protein-enriched formula versus
standard term formula for improving growth and development in preterm or low
birth weight infabnts following hospital discharge. Cochrane Database Syst Rev
2:CDOO4696,2005.

42. Koo WW, Hockman EM, Posthospital discharge feeding for preterm infants: ef-
fect of standard compared with enriched milk formula on growth, bone mass, and
body composition. Am J Clin Nutr 84:1357-64, 2006.

43. Litmanovitz I, Eliakim A, Arnon S, Regev R, Bauer S, Shainkin-kestenbaum R,
Dolfin T: Enriched post-discharge formula versus term formula for bone strength
in very low birth weight infants: a longitudinal pilot study. J Perinat Med. 2:Jul,
2007.

44. Pieltain C., De Curtis M., Gerard P., et al : Weight gain composition in preterm
infants with dual energy X-ray absorptiometry. Pediartr. Res. 49:120-124, 2001.

45. Abrams S.A., Schanler R.J., Garza C: Bone mineralization in former very low
birth weight infants fed either human milk or commercial formula. J. Pediatr.
112:956-960,1988.

46. Wauben I.,Gibson R., Atkinson S: Premature infants fed mother’s milk to 6 months
corrected age demonstrate adeguate growth and zinc status in the first year. Early
Hum. Dev. 54:181-194, 1999.

47. Chan G.M, Mileur L.J.:Posthospitalization growth and bone mineral status of
normal preterm infants. Feeding with mother’s milk or standard formula. Am J.
Dis. Child 139:896-898, 1985.

48. Kurl S., Heinonen K., Lansimies E. : Pre- and post-discharge feeding of very
preterm infants: Impact on growth and bone mineralization. Clin. Physiol. Funct
Imaging 23:182-189, 2003.

49. Schanler R.J., Burns P.A.,Abrams S.A., et al: Bone mineralization outcomes in
human milk preterm infants. Pediatr Res 31:583-586, 1992.

50. Wauben I.P.,Atkinson S.A., Shan J.K., Paes B. :Growth and body composition of
preterm infants:influence of nutrient fortification of mother’s milk in hospital and
breastfeeding post-hospital discharge.Acta Paediatr 87:780-785 1998.

51. Hall R.T., Wheeler R.E., Rippetoe L.E. :Calcium and phosphorus supplementation
after initial hospital discharge in breast-fed infants of less than 1800 grams birth
weight. J. Perinatal 13 : 272-278, 1993.

52. Singhal A., Lucas A. Early origins os cardiovascular disease: is there a unifying
hypothesis? Lancet 363: 1642-1645, 2004.


