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Abstract

Objective: To determine the effects of high dietary protein and energy intake on the growth and body
composition of very low birth weight (VLBW) infants.

Study design: Thirty-eight VLBW infants whose weights were appropriate for their gestational ages were assessed
for when they could tolerate oral intake for all their nutritional needs. Thirty-two infants were included in a
longitudinal, randomized clinical trial over an approximate 28-day period. One control diet (standard preterm
formula, group A, n = 8, 3.7 g/kg/d of protein and 129 kcal/kg/d) and two high-energy and high-protein diets
(group B, n = 12, 4.2 g/kg/d and 150 kcal/kg/d; group C, n = 12, 4.7 g/kg/d and 150 kcal/kg/d) were compared.
Differences among groups in anthropometry and body composition (measured with bioelectrical impedance
analysis) were determined. An enriched breast milk group (n = 6) served as a descriptive reference group.

Results: Groups B and C displayed greater weight gains and higher increases in fat-free mass than group A.

Conclusion: An intake of 150 kcal/kg/d of energy and 4.2 g/kg/d of protein increases fat-free mass accretion in
VLBW infants.
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Introduction
The Nutrition Committee of the American Academy of
Pediatrics suggests that, with optimal care and nutri-
tional support, the growth rates of very low birth weight
(VLBW) infants should be similar to those of fetuses of
the same gestational age [1]. Nevertheless, despite
advances in perinatal medicine and nutritional protocols
[2,3], it has not been possible to achieve this rate of
growth in neonatal care units [4-7]. Postnatal growth
restriction is associated with an increased risk of poor
neurodevelopmental outcomes [8-11], and inappropriate
postnatal nutrition is an important contributor to
growth failure [12,13]. The goal of obtaining appropriate
intrauterine growth rates after birth has been success-
fully achieved with enriched diets, but these diets may

lead to disproportionate increases in fat mass [14].
Energy supplied as carbohydrates is more effective than
energy supplied as fats in sparing protein oxidation in
enterally fed low birth weight (LBW) infants [15]. At
isocaloric intakes, carbohydrates are more effective than
fats in enhancing growth and protein accretion in enter-
ally fed LBW infants [16]. However, a diet with high-
energy and high-carbohydrate content also results in
increased fat deposition [16].
To better define the macronutrient requirements of

these infants, the increase in lean body mass should be
taken into consideration in addition to weight gain. The
ratio of lean body mass to fat mass in the weight gained
depends on the protein and energy ratio in the diet. If
energy and protein intakes are inappropriate, weight
gain and the rate of increase in length and head circum-
ference are reduced [17]; however, if protein intake is
appropriate, a relatively higher energy intake may
enhance the rate of increase in skinfold thickness [17],
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which suggests that the excess energy is stored as fat
[18]. However, Fairey et al. [19] did not show any differ-
ence in the proportion of fat to lean tissue gained in
groups with a higher protein-to-energy ratio (3.2 g/100
kcal vs. 2.6 g/100 kcal).
The aim of this study was to explore the effects of high

protein (4.2 to 4.7 g/kg/day) and high energy (150 kcal/
kg/day) intakes on the growth and body composition of
VLBW infants. Our hypothesis was that supplemented
formula would be well tolerated and would increase
weight and lean body mass in preterm infants compared
to newborns who did not receive supplementation.

Subjects and Methods
Subjects
Thirty-eight preterm (gestation of 32 weeks or fewer)
newborns with weights below 1500 g and who were
appropriate for gestational age were included in the
study. The newborns were admitted to the neonatology
ward of Hospital Clinic in Barcelona, Spain. Their base-
line characteristics and complications of prematurity for
each study group are shown in Table 1, while the com-
positions of the enteral diets of each study group are
shown in Table 2. All of the newborns were free of any
complications when they were enrolled in the study;
further, they had recovered their birth weight and were
gaining weight. At the beginning of the study, they
received only enteral nutrition without IV perfusion.

Mechanical ventilation and parenteral nutrition were
discontinued at least five days before the beginning of
the study. Exclusion criteria were intrauterine growth
restriction, chromosomal abnormalities, malformations,
chronic diseases or need for oxygen treatment. Written
informed parental consent was obtained prior to enroll-
ment in the study. The Neonatology Ethics Committee
of the Hospital Clinic approved the study.

Methods
Breastfed infants served as a reference group (group
BM; n = 6). The macronutrient content of breast milk
in this study (Table 2) was obtained using the reported
data on milk from mothers of premature infants during
early lactation [20]. Following the standard practice, the
milk from the mother was enriched using Enfamil®

Human Milk Fortifier (Mead Johnson). Patients who
were not breastfed were randomized to receive one of
the three formulas detailed in Table 2. Randomization
was performed by nurses who prepared the formula in
the morning, using sealed envelopes, in blocks of 6. The
nurses were the only individuals who knew the contents
of the envelopes; however these nurses did not provide
care for the infants. During the duration of the rando-
mized trial, the blinding remained in intact, except for
when sample sizes were calculated at the beginning of
the study. Standard preterm formula, Alprem® (Nestle),
was given to the control group (group A; n = 8). The
two experimental groups received high-energy and high-
protein formulas with different energy-to-protein ratios:
150 kcal/kg/d with 4.2 g/kg/d of protein for group B (n
= 12) and 150 kcal/kg/d with 4.7 g/kg/d of protein for
group C (n = 12). ProMod® (Abbott) and Duocal®

(SHS) were used to increase the protein and energy con-
tents of the preterm formula.
The weight, length and head circumference of each

infant were measured by the same investigator every
week for four weeks (approximately 28 days). Electronic
scales, accurate to 1 g, were used to weigh the subjects.
Length and head circumference were measured using
non-stretch tape. Z-scores were calculated for each
infant, taking into account sex and post-menstrual age,
by applying neonatal growth curves from Catalonia,
Spain, which contain data obtained from more than
200,000 newborns [21]. Body mass index (BMI) was cal-
culated using the following formula: weight (in kg)/
length2 (in m).
Body composition was measured via total body electri-

cal impedance analysis (BIA) and was performed by a
single investigator. Impedance and resistance were mea-
sured using a Bioscan Spectrum® (Biológica Tecnología
Médica, Ltd., Barcelona, Spain). The clinical methodol-
ogy followed the recommendations of Tang et al. [22].
Skin electrodes were applied using the tetrapolar surface

Table 1 Baseline characteristics and complications prior
to the beginning of the study

Breastfed
(n = 6)

Group
A
(n = 8)

Group
B
(n = 12)

Group
C
(n = 12)

Characteristics of the
newborns

Born in the hospital 5 8 11 9

Male gender 4 2 5 9

Cesarean section 4 7 11 8

1-min Apgar ≤4 1 3 2 2

5-min Apgar ≤8 3 4 2 2

Resuscitation (endotracheal
intubation)

0 4 1 3

Prenatal corticosteroids 4 8 10 9

Complications of the
newborns

Respiratory distress syndrome 4 5 3 8

Mechanical ventilation 3 5 2 7

Patent ductus arteriosus 1 4 1 3

Sepsis 2 1 3 3

Necrotizing enterocolitis 2 0 0 0

Intraventricular hemorrhage 2 1 1 0

Parenteral nutrition > 7 days 2 3 3 3
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method. An 800-μA and 50-kHz alternating current was
applied through these electrodes. The subjects were
placed in a prone position with slight pelvic elevation,
legs bearing weight through the anterior knees, with
hips flexed at 30°. The knees were flexed at 30°, and the
ankles were dorsiflexed at 70°. The arms were placed
comfortably forward with forearms parallel to the long
axis of the body. The arms were adducted at 45°, the
elbows were flexed at 45° and the hands were comforta-
bly extended. For distal limb positions, the voltage elec-
trodes were placed so the lower edge of the electrode
overlapped the proximal skin crease on the dorsal
aspects of the wrist and ankle at the level of the styloid
process and the medial malleolus, respectively. The cur-
rent electrodes were positioned distal to the voltage
electrodes at a center-to-center distance of 2 cm for the
hand and 3 cm for the foot.
Total body water was determined using the equation

described by Tang et al. [22]: Total body water = (0.016 +
0.674 × weight - 0.038 × weight2 + 3.84 foot length2)/resis-
tance. A fat-free mass (FFM) value was then obtained
using the following equation: FFM = total body water/
water percentage of the FFM. The water percentage of the
FFM was based on the studies of Fomon et al. [23] and
Ziegler et al. [24]. Once the FFM was known, the fat mass
(FM) was estimated as follows: FM = body weight - FFM.

Study design
A longitudinal, interventional, randomized clinical trial
was used. At the beginning of the study, the weights,
lengths and head circumferences of the subjects with
the corresponding Z-scores were determined, along with
their BMIs, FMs and FFMs. Data regarding anthropo-
metric values, gestational age at birth and previous ill-
nesses were obtained from hospital records. For the
four-week study period, the 32 patients fed artificial for-
mula were randomly assigned to either high-energy and
high-protein diets (groups B and C) or a standard
energy and protein diet (group A). Serological control
measures (serum glucose, protein, ammonia, pH, base
excess, urea, cholesterol and triglyceride levels) were
assessed once in each patient, during the third week of
the study, to detect nutrition-related adverse effects in
the three groups. The weights, lengths and head circum-
ferences with their corresponding Z-scores, along with
the BMIs, FMs and FFMs were determined on approxi-
mately Day 28 of the study and were considered the
final values for the study.

Statistics
The sample size of each group was calculated according
to the hypothesis that supplemented formula would
increase FFM accretion. When the first five cases

Table 2 Composition of enteral diets

Diet Protein
(g/kg/d)

Protein/energy ratio
(g/100 kcal)

Fats
(g/kg/d)

Carbohy-drates (g/kg/d) Energy
(kcal/kg/d)

Breastfed
(Group BM)

Breast milk
160 ml/kg/d
+
Enfamil®

4.5 g/kg/d

3.4 2.5 8.1 11.7 133:
10.2% protein
54.8% fat
35.2% carbohydrate

Group A Alprem®

160 ml/kg/d
3.7 2.8 6.6 13.6 129:

11.5% protein
46.2% fat
42.3% carbohydrate

Group B Alprem®

160 ml/kg/d
+
Promod®

0.66 g/kg/d
+
Duocal®

3.7 g/kg/d

4.2 2.8 7.5 16.3 149.5:
11.2% protein
45.2% fat
43.6% carbohydrate

Group C Alprem®

160 ml/kg/d
+
Promod®

1.3 g/kg/d
+
Duocal®

3.3 g/kg/d

4.7 3.1 7.45 16.1 149.9:
12.5% protein
44.7% fat
42.8% carbohydrate

- Alprem (Nestlé): in 100 g = 506 kcal, protein 14.5 g, carbohydrate 53.6 g, fat 26.0 g.

- Enfamil Human Milk fortifier (Nutricia): 1 vial = 5 mL = 5 g = 7.5 kcal, protein 0.55 g, carbohydrate < 0.3 g, fat 0.55 g.

- ProMod protein powder (Abbott): in 10 g = 42.4 kcal, protein 7.6 g, carbohydrate 1.0 g, fat 0.9 g.

- Duocal MCT (Nutricia): in 10 g = 12.4 kcal, carbohydrate 1.8 g, fat 0.58 g.
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without supplementation (group A) and the first five
supplemented cases (groups B or C) were analyzed on
the 21st day of the study, their FFM accretions were
15.09+/-2.14 and 19.85+/-4.15 g/kg/day, respectively.
Using these preliminary data, the sample size to com-
pare two independently observed means by a bilateral
analysis with 80% power and an a-risk of 0.05 was cal-
culated to be 12 cases per group (10 cases plus 2 for
possible drop-outs). Therefore, a sample size of 12 cases
was considered suitable for each of the three groups.
All the variables displayed normal distributions. The

results were expressed as the means ± SD. Cross-sec-
tional differences in anthropometric and body composi-
tion measurements among all groups (A, B and C) were
tested by analysis of variance (ONEWAY and Scheffé’s
test for multiple comparisons of at-birth and at-begin-
ning variables, and UNIANOVA with covariates for
comparisons of results at the end of the intervention).
In the UNIANOVA, the factor was the group, and the
covariates were the initial corresponding figure and the
duration in days of the intervention. If the p-value of
the factor group was < 0.1, the UNIANOVA with cov-
ariates tests were repeated to see if a significant differ-
ence existed between any of the three paired
comparisons (group A versus group B, group A versus
group C and group B versus group C). A chi-squared
test was used to analyze the significance of the differ-
ences between qualitative variables. Statistical analyses
were performed using SPSS 13.0 (SPSS, Inc., Chicago,
IL). The results were considered statistically significant
at p < 0.05.

Results
There were no significant differences between groups in
baseline characteristics or in incidences of the following
complications related to prematurity: patent ductus
arteriosus, intracranial hemorrhage, hyaline membrane
disease, sepsis and necrotizing enterocolitis (Table 1).
Energy intake up to 150 kcal/kg/d and protein intake

up to 4.7 g/kg/d were well tolerated by all subjects from
both the clinical and analytical points of view. Analytical
data by groups are shown in Table 3. The only differ-
ence observed when comparing groups B and C with
group A was that infants in groups B and C exhibited
higher urea levels (p = 0.032).
The corrected ages of the preterm infants and mea-

surements of the weights, lengths and head circumfer-
ences, along with the corresponding Z-scores, are shown
in Table 4 and Figure 1. In addition, Table 4 and Figure
1 also show the FMs, FFMs and BMIs at birth and at
the beginning and end of the study. Throughout the
study, groups B and C exhibited increases in weight
gain, Z-score of the weight gain, and FFM accretion.
These changes were statistically significant for the factor

group and for the covariates initial corresponding figure
and duration of the intervention.
At the end of the study, weight gain was greater in

groups B and C than in group A (p = 0.002 and p =
0.002, respectively). In addition, groups B and C exhib-
ited significant increases in weight z-scores compared to
group A (p = 0.002 and p = 0.001, respectively). Length
gains and head circumference gains were similar in all
groups, but final head circumference was significantly
higher in group B than in group A (p = 0.033). The
greater weight gains observed in groups B and C were
related to greater increases in FFM, which were signifi-
cantly higher than in group A (p = 0.009 and p = 0.044,
respectively).
Despite the greater protein intake in group C versus

group B, there were no differences in weight gain or
FFM accretion between these groups. Therefore, intake
consisting of 150 kcal/kg/d of energy and 4.2 g/kg/d of
protein, with a protein/energy ratio of 2.8 g/100 kcal,
was sufficient to achieve appropriate increases in weight
and FFM in VLBW infants during their hospital stays.

Discussion
The breastfed group was regarded as a reference group
for growth, FM accretion and FFM accretion. It was not
considered in the statistical analysis because the

Table 3 Analytical data by group

Mean ± SD p

Urea (mg/dl) A 9.0 ± 1.9 0.032

B 12.0 ± 6.6

C 17.2 ± 8.5

Protein (g/l) A 44.0 ± 2.0 0.755

B 45.6 ± 5.6

C 46.9 ± 6.7

Ammonia (mcg/dl) A 114.4 ± 44.1 0.445

B 112.3 ± 30.0

C 128.8 ± 28.5

Triglycerides (mg/dl) A 106.5 ± 58.9 0.930

B 76.8 ± 16.3

C 72.7 ± 25.6

Cholesterol (mg/dl) A 102.9 ± 20.6 0.422

B 115.1 ± 21.1

C 107.0 ± 21.4

pH A 7.38 ± 0.07 0.289

B 7.39 ± 0.02

C 7.36 ± 0.05

Base excess (mmol/l) A -0.14 ± 3.2 0.911

B 0.23 ± 2.9

C -0.38 ± 4.1

Number of patients in each group: 8 in A, 12 in B and 12 in C.

One measurement was performed on one occasion for each patient in the 3rd
week of the study.
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Table 4 Characteristics of the infants at birth and at the beginning and the end of the study

At birth p * At the beginning p * At the end p **

Age (corrected
gestational age,
weeks)

BM 29.0 ± 1.7 —— 32.2 ± 2.3 ——— 35.7 ± 1.94 ——

A 29.6 ± 1.6 0.683 32.8 ± 0.8 0.761 36.2 ± 0.60 0.406

B 30.2 ± 1.4 32.6 ± 1.22 36.0 ± 1.02

C 29.8 ± 1.7 32.9 ± 1.70 36.4 ± 1.53

Weight (g) BM 1138 ± 173 —— 1302 ± 173 —— 1903 ± 223 ——

A 1196 ± 243 0.589 1452 ± 216 0.259 1967 ± 189 0.000

B 1220 ± 221 1303 ± 213 1998 ± 146 A-B: 0.002

C 1313 ± 336 1404 ± 189 2154 ± 202 A-C: 0.002

B-C: 0.622

Weight (Z-score) BM -0.380 ± 0.918 —— -1.279 ± 0.984 —— -1.567 ± 0.738 ——

A -0.368 ± 0.678 0.445 -1.170 ± 0.407 0.706 -1.501 ± 0.525 0.001

B -0.646 ± 0.476 -1.408 ± 0.639 -1.513 ± 0.605 A-B: 0.002

C -0.309 ± 0.819 -1.438 ± 0.970 -1.347 ± 1.091 A-C: 0.001

B-C: 0.213

Length (cm) BM 37.3 ± 2.2 —— 39.7 ± 2.6 —— 44.2 ± 1.52 ———

A 38.7 ± 2.7 0.750 41.5 ± 1.3 0.192 44.8 ± 0.91 0.715

B 37.9 ± 3.1 40.4 ± 1.7 44.5 ± 1.24

C 38.8 ± 3.5 41.7 ± 2.1 45.6 ± 1.77

Length (Z-score) BM -0.329 ± 0.903 —— -0.889 ± 0.972 —— -0.895 ± 0.845 ——

A 0.017 ± 1.260 0.386 -0.589 ± 0.272 0.784 -0.738 ± 0.354 0.700

B -0.619 ± 0.811 -0.807 ± 0.564 -0.537 ± 0.580

C -0.215 ± 0.946 -0.642 ± 1.047 -0.441 ± 1.099

Head circumference
(cm)

BM 26.3 ± 1.3 —— 28.0 ± 1.5 —— 31.5 ± 1.28 ———

A 27.7 ± 1.7 0.615 29.2 ± 1.1 0.418 32.1 ± 0.55 0.077

B 26.8 ± 1.8 28.5 ± 1.3 32.3 ± 1.18 A-B: 0.033

C 27.8 ± 3.2 28.7 ± 1.3 32.3 ± 0.75 A-C: 0.097

B-C: 0.744

Head circumference
(Z-score)

BM -0.297 ± 0.820 —— -0.907 ± 0.831 —— -0.654 ± 0.553 —

A 0.311 ± 1.375 0.164 -0.689 ± 0.429 0.409 -0.331 ± 0.517 0.203

B -0.511 ± 0.583 -0.858 ± 0.556 -0.472 ± 0.639

C -0.433 ± 0.857 -1.066 ± 0.761 -0.671 ± 0.777

Fat mass (g) BM —— —— 111.1 ± 61.7 —— 202.4 ± 49.6 ——

A —— —— 140.3 ± 72.5 0.131 193.4 ± 49.6 0.182

B —— 135.7 ± 50.3 208.1 ± 61.0

C —— 129.9 ± 56.5 219.3 ± 52.0

Fat-free mass (g) BM —— —— 1190 ± 204 —— 1699 ± 206 ——

A —— —— 1311 ± 158 0.925 1773 ± 152 0.007

B —— 1168 ± 180 1790 ± 127 A-B: 0.009

C —— 1274 ± 151 1915 ± 199 A-C: 0.044

B-C: 0.277

Body mass index
(kg/m2)

BM 8.16 ± 0.53 —— 8.26 ± 0.69 —— 16.0 ± 0.74 ——

A 7.61 ± 1.00 0.195 8.41 ± 1.06 0.424 16.8 ± 1.18 0.472

B 8.37 ± 0.78 7.93 ± 0.80 15.6 ± 0.80

C 8.49 ± 1.25 8.04 ± 0.78 15.2 ± 1.57

Number of patients in each group: 8 in A, 12 in B and 12 in C.

Data are presented as the means ± SD

* ONEWAY, with the factor group

** UNIANOVA, with the factor group and adjusted for covariates (initial corresponding value and duration of the intervention). If the p-value of the group < 0.1,
pair comparisons have been performed.
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intervention was only performed in formula-fed infants.
Furthermore, the breastfed group happened to have the
smallest children at birth. The weight differences at
birth might have influenced the weight outcomes at the
end of the study.
Our results show that an energy-enriched formula

with a sufficient amount of protein increases weight
gain with greater FFM accretion compared to normal
formula in VLBW infants of appropriate weight for
gestational age. The results were obtained after control-
ling for the initial values of weight gain and FFM accre-
tion and for the duration of the intervention.

Bioelectrical impedance is a straightforward, non-inva-
sive, relatively inexpensive and portable method for eval-
uating changes in body composition [25]. Body
composition was measured using BIA. This is not a
common methodology and is subject to some inaccura-
cies because of the assumptions that need to be made in
the equations that relate impedance to water content,
from which FFM is estimated. However, it has been pro-
ven to be a valid method for assessing body composition
in neonates [22,26].
The goal of nutrition in the VLBW infant is to opti-

mize growth and neurodevelopmental outcomes while

Figure 1 Anthropometric measurement means at birth and at the beginning and the end of the study.
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avoiding both short-term and long-term toxicity and
adverse outcomes. Consistent with previous findings
[14,27,28], our study noted greater weight gains in
patients receiving high-energy intake than in those
receiving standard-energy intake. Previously, we
reported that administering a high-energy diet without
increasing the amount of protein led to a disproportion-
ate increase in body FM [14]. Our new results show
that adding both protein and energy to an infant for-
mula increases weight gain and improves weight Z-
scores and leads to greater FFM accretion, without
short-term clinical or analytical adverse effects. The
increase in urea levels in this study was proportional to
protein intake and was not clinically relevant. The
weight gain and FFM accretion rates observed in groups
B and C are similar to the changes described in fetuses
between 32 and 35 weeks of gestation by Ziegler et al.
[24]. Although the subjects in group C were fed more
protein than those in group B (with protein/energy
ratios of 3.1 g/100 kcal and 2.8 g/100 kcal, respectively),
no improvement in terms of FFM accretion was
observed. This observation was previously described by
Fairey et al. [19] and could mean that protein intakes
higher than 4.2 g/kg/d may exceed the capacity for pro-
tein utilization in VLBW infants, regardless of the
accompanying energy intake; alternatively, higher energy
intake may be required to improve protein utilization.
Energy and protein intakes of 150 kcal/kg/day and 4.2
g/kg/day can be obtained with modular supplements
added to a preterm formula, as we did in this study, or
by increasing the volume or concentration of the pro-
duct given to the infant.
In this early period of life, catch-up growth in head

circumference was detected in each group, as indicated
by the positive Z-score gains in all three groups. In
addition, when the growth in head circumference was
controlled for its initial value and for the duration of
the intervention, it was statistically higher in group B
than in group A. Postnatal head growth is an important
clinical indicator of brain growth. In fact, poor postnatal
head growth in preterm infants is strongly associated
with poor neurodevelopmental outcomes and cerebral
palsy [29]. Therefore, physicians caring for preterm
infants should bear in mind that nutritional interven-
tions aimed at limiting postnatal head growth restriction
could improve neurodevelopmental outcomes
[10,11,30-32].
Catch-up growth in intrauterine growth-restricted

infants may increase their risk of obesity, hypertension,
impaired glucose tolerance and cardiovascular disease.
Therefore, there is a concern that accelerated growth
during a critical period in preterm infants could lead to
long-term adverse metabolic effects. A strength of our
study is the inclusion of infants whose growth was

appropriate for their gestational age, as these infants are
metabolically different from intrauterine growth-
restricted infants. The long-term effects of rapid growth
of body weight on the onset of metabolic syndrome are
relatively small compared to those of other risk factors
(parental weight, lifestyle and growth later in childhood).
These data suggest that the type and intake of nutrition
needed by preterm infants with intrauterine growth
restriction may be different from that of preterm infants
with growth appropriate for their gestational age [33,34].
The macronutrient composition of breast milk was

based on reports rather than directly measured; therefore,
there may be some error in the estimated macronutrient
intakes. Although we had the appropriate number of
newborns in the high-protein and high-energy groups
(based on the calculations for sample size), the number
of newborns in the control group was less because four
newborns were withdrawn from the study at the request
of the parents. In addition, we were wary of administer-
ing high levels of protein to preterm infants due to the
potential future risk of overweight or obesity, as has been
reported in healthy, formula-fed infants [35]. In a group
of subjects being fed infant formula with higher protein
content, a larger increase in weight during the first two
years of life was identified, with no effect on length [36].

Conclusions
This study suggests that higher protein and energy intake
during a critical period is advantageous for preterm
infant growth and body composition because it increases
weight gain, weight z-score and FFM accretion. Energy
and protein intakes of 150 kcal/kg/d and 4.2 g/kg/d,
respectively, are sufficient to increase FFM accretion.

List of abbreviations
BIA: body electrical impedance analysis; BMI: body mass index; VLBW: very
low birth weight; LBW: low birth weight; FFM: fat-free mass; FM: fat mass.

Author details
1Neonatal Unit, Hospital Clínic, IDIBAPS, Universitat de Barcelona, Barcelona,
Spain. 2Neonatal Unit, Montepríncipe Hospital, Madrid, Spain. 3Neonatal Unit,
Hospital Joan XXIII, Tarragona, Universitat Rovira i Virgili, IISPV, Tarragona,
Spain.

Authors’ contributions
JAC and JF were responsible for the study design and for writing the
manuscript. JAC performed the anthropometrics measurements and BIA
explorations. JF performed the statistical analysis. GR, RC and XC revised the
manuscript. All the authors read and approved the final manuscript.

Competing interests
The authors declare that they have no competing interests.

Received: 28 September 2011 Accepted: 29 December 2011
Published: 29 December 2011

References
1. American Academy of Pediatrics: Committee on Nutrition. Nutritional

needs of low-birth-weight-infants. Pediatrics 1985, 75:976-986.

Costa-Orvay et al. Nutrition Journal 2011, 10:140
http://www.nutritionj.com/content/10/1/140

Page 7 of 8

http://www.ncbi.nlm.nih.gov/pubmed/3921937?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3921937?dopt=Abstract


2. American Academy of Pediatrics: Committee on Nutrition. Nutritional
needs of preterm infants. In American Academy of Pediatrics.. 6 edition.
Edited by: Kleinman RE. Pediatric nutrition handbook. Elk Grove IL; 2009:.

3. Canadian Pediatric Society: Nutrition Committee. Nutrition needs and
feeding of premature infants. Can Med Assoc J 1995, 152:1765-1785.

4. Dusick AM, Poindexter BB, Ehrenkranz RA, Lemons JA: Growth failure in
the preterm infant: can we catch up? Semin Perinatol 2003, 27:302-310.

5. Heird WC: Determination of nutritional requirements in preterm infants,
with special reference to ‘catch-up’ growth. Semin Neonatol 2001,
6:365-375.

6. Lemons JA, Bauer CR, Oh W, Korones SB, Papile LA, Stoll BJ, Verter J,
Temprosa M, Wright LL, Ehrenkranz RA, Fanaroff AA, Stark A, Carlo W,
Tyson JE, Donovan EF, Shankaran S, Stevenson DK: Very low birth weight
outcome of the National Institute of Child Health and Human
Development Neonatal Research Network, January 1995 through
December 1996. NICHD Neonatal Research Network. Pediatrics 2001,
117(1):E1.

7. Clark RH: Extrauterine growth restriction remains a serious problem in
prematurely born neonates. Pediatrics 2003, 111:986-990.

8. Ehrenkranz R, Dusick A, Vohr B, Wright L, Wrage L, Poole WK: Growth in
the neonatal intensive care unit influences neuro-developmental and
growth outcomes of extremely low birth weight infants. Pediatrics 2006,
117:1253-1256.

9. Cooke RW, Foulder-Hughes L: Growth impairment in very preterm and
cognitive and motor perfomance at 7 years of age. Arch Dis Child 2003,
88:482-487.

10. Lucas A, Morley R, Cole TJ: Randomised trial of early diet in preterm
babies and later intelligence quotient. BMJ 1998, 317:1481-1487.

11. Latal-Hajnal B, Von Siebenthal K, Kovari H, Bucher HU, Largo RH: Postnatal
growth in VLBW infants: significant association with
neurodevelopmental outcome. J Pediatr 2003, 143:163-170.

12. Ziegler EE, Thureen PJ, Carlson SJ: Aggressive nutrition of the very low
birthweight infant. Clin Perinatol 2002, 29:225-244.

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

14. Romera G, Figueras J, Rodriguez-Miguelez JM, Ortega J, Jiménez R: Energy
intake, metabolic balance and growth in preterm infants fed formulas
with different nonprotein energy supplements. J Pediatr Gastroenterol
Nutr 2004, 38:407-413.

15. Kashyap S, Towers HM, Sahni R, Ohira-Kist K, Abildskov K, Schulze KF:
Effects of quality of energy on substrate oxidation in enterally fed, low-
birth-weight infants. Am J Clin Nutr 2001, 74:374-380.

16. Kashyap S, Ohira-Kist K, Abildskov K, Towers HM, Sahni R, Ramakrishnan R,
Schulze KF: Effects of quality of energy intake on growth and metabolic
response of enterally fed low-birth-weight infants. Pediatr Res 2001,
50:390-397.

17. Kashyap S, Forsyth M, Zucker C, Ramakrishnan R, Dell Rb, Heird WC: Effect
of varying protein and energy intakes on growth and metabolic
response in low birth weight infants fed varying intakes of protein and
energy. J Pediatr 1986, 108:955-963.

18. Kashyap S, Schulze K, Forsyth M, Zucker C, Ramakrishnan R, Heird WC:
Growth, nutrition retention and metabolic response in low birth weight
infants fed varying intakes of protein and energy. J Pediatr 1988,
113:713-721.

19. Fairey Ak, Butte NF, Mehta N, Thotathuchery M, Schanler RJ, Herid WC:
Nutrient acretion in preterm infants fed with different protein:energy
ratios. J Pediatr Gastroenterol Nutr 1997, 25:37-45.

20. Atkinson SA, Radde IC, Chance GW, Bryan MH, Anderson GH: Macro-
mineral content of milk obtained during early lactation from mother of
premature infants. Early Hum Dev 1980, 4:5-14.

21. Ramos F, Pérez G, Jané M, Prats R: Construction of the birth weight by
gestational age population reference curves of Catalonia (Spain):
Methods and development. Gac Sanit 2009, 23:76-81[http://scielo.isciii.es/
scielo.php?script=sci_arttext&pid=S0213-91112009000100016&lng=es].

22. Tang W, Ridout D, Medi N: Assessment of total body water using
bioelectrical impedance analysis in neonates receiving intensive care.
Arch Dis Child 1997, 77:F123-F126.

23. Fomon SJ, Haschke F, Ziegler EE, Nelson SE: Body composition of
reference children from birth to age 10 years. Am J Clin Nutr 1982, 35:
S1169-S1175.

24. Ziegler EE, O’Donnell AM, Nelson SE, Fomon SJ: Body composition of the
reference fetus. Growth 1976, 40:329-341.

25. Lukaski HC: Methods for the assessment of human body composition:
traditional and new. Am J Clin Nutr 1987, 46:537-556.

26. Mayfield SR, Uauy R, Waidelich D: Body composition of low-birth-weight
infants determined by using bioelectrical resistance and reactance. Am J
Clin Nutr 1991, 54:296-303.

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

28. Lucas A, Bishop NJ, King FJ, Cole TJ: Randomised trial of nutrition for
preterm infants after discharge. Arch Dis Child 1992, 67:324-327.

29. Cheong JLY, Hunt RW, Anderson PJ, Howard K, Thompson DK, Wang HX,
et al: Head growth in preterm infants: correlation with magnetic
resonance imaging and neurodevelopmental outcome. Pediatrics 2008,
121:E1534-E1540.

30. Georgieff MK, Mills MM, Lindeke L, Iverson S, Johnson DE, Thompson TR:
Changes in nutritional management and outcome of very-low-birth-
weight infants. Am J Dis Child 1989, 143:82-85.

31. Brand I, Sticker EJ, Lentze MJ: Catch-up growth of head circumference of
very low birth weight, small for gestational age preterm infants and
mental development to adulthood. J Pediatr 2003, 142:463-468.

32. Ehrenkranz RA, Dusick AM, Vohr BR, Wright LL, Wrage LA, Poole WK:
Growth in the neonatal intensive care unit influences
neurodevelopmental and growth outcomes of extremely low birth
weight infants. Pediatrics 2006, 117:1253-1261.

33. Greer FR: Long-term adverse outcomes of low birth weight, increased
somatic growth rates, and alterations of body composition in the
premature infant: review of the evidence. J Pediatr Gastroenterol Nutr
2007, 45:S147-S151.

34. Thureen PJ: The neonatologist dilema: Catch-up growth or beneficial
undernutrition in very low birth weight infants-What are optimal growth
rates? J Pediatr Gastroenterol Nutr 2007, 45:S152-S154.

35. Koletzko B, von Kries R, Closa-Monasterolo R, Escribano-Subías J, Scaglioni S,
Giovannini M, Beyer J, Demmelmair H, Anton B, Gruszfeld D, Dobrzanska A,
Sengier A, Langhendries JP, Rolland-Cachera MF, Grote V, for the European
Childhood Obesity Trial Study Group: Can infant feeding choices
modulate later obesity risk? Am J Clin Nutr 2009, 89(suppl):1502S-1508S.

36. Koletzko B, von Kries R, Closa R, Escribano J, Scaglioni S, Giovannini M,
Beyer J, Demmelmair H, Gruszfeld D, Dobrzanska A, Sengier A,
Langhendries JP, Rolland-Cachera MF, Grote V, for the European Childhood
Obesity Trial Study Group: Lower protein in infant formula is associated
with lower weight up to age 2 years: a randomized clinical trial. Am J
Clin Nutr 2009, 89:1836-1845.

doi:10.1186/1475-2891-10-140
Cite this article as: Costa-Orvay et al.: The effects of varying protein and
energy intakes on the growth and body composition of very low birth
weight infants. Nutrition Journal 2011 10:140.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Costa-Orvay et al. Nutrition Journal 2011, 10:140
http://www.nutritionj.com/content/10/1/140

Page 8 of 8

http://www.ncbi.nlm.nih.gov/pubmed/14510321?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14510321?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11988026?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11988026?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12728076?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12728076?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16585322?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16585322?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16585322?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12765911?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12765911?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9831573?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9831573?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12970627?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12970627?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12970627?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12168239?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12168239?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11158457?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11158457?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11158457?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15085019?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15085019?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15085019?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11522563?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11522563?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11518827?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11518827?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3712165?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3712165?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3712165?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3712165?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3139856?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3139856?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9226525?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9226525?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7389626?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7389626?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7389626?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19231729?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19231729?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19231729?dopt=Abstract
http://scielo.isciii.es/scielo.php?script=sci_arttext&pid=S0213-91112009000100016&lng=es
http://scielo.isciii.es/scielo.php?script=sci_arttext&pid=S0213-91112009000100016&lng=es
http://www.ncbi.nlm.nih.gov/pubmed/1010389?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1010389?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3310598?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3310598?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1858693?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1858693?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11335744?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11335744?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1575558?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1575558?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18519457?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18519457?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2491927?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2491927?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12756374?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12756374?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12756374?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16585322?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16585322?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16585322?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18185081?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18185081?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18185081?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18185082?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18185082?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18185082?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19321574?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19321574?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19386747?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19386747?dopt=Abstract

	Abstract
	Objective
	Study design
	Results
	Conclusion

	Introduction
	Subjects and Methods
	Subjects
	Methods
	Study design
	Statistics

	Results
	Discussion
	Conclusions
	Author details
	Authors' contributions
	Competing interests
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 500
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 500
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


