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ABSTRACT

Objective. To determine the association between
intrahospital growth rate (GR) and breast milk
fortification and somatometry, and risk for death
after discharge or severe disability at 2 years of
corrected age (CA).

Population and method. Retrospective analysis
of GRand subsequent course. Infants bornin the
1990-2015 period with a birth weight < 1500 g
were included. Infants with diseases affecting
growth were excluded. An overall cohort and
2 sub-cohorts were studied: infants born in
the 1990-2001 period (without fortification)
and 2002-2015 period (with fortification). The
GR was estimated and deemed adequate if
>12 g/kg/day.

Results. A total of 1194 patients were recruited.
An adequate GR was associated with a higher
median weight at 2 years of CA in the overall
cohort (11 400 g [10 300-12 500] versus 11 000 g
[10 000-12 140], p = 0.02). The 2002-2015 cohort
reached a higher mean height (86.42 + 4.03 cm
versus85.56+4.01,p=0.02). More preterm infants
caught-up growth at 2 years of CA in the overall
cohort with an adequate GR (62.50 % versus
34.69 %, p <0.02). No differences were observed
in the risk for death after discharge or severe
disability at 2 years of CA with an adequate GR
(OR: 0.79; 95 % confidence interval: 0.47-1.12).
Conclusions. An adequate GR was associated
with improved growth, but not with a lower
risk for death after discharge or severe disability.
The cohort with fortified breast milk reached a
higher mean height at 2 years of CA.
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INTRODUCTION

In spite of the reduction in major
morbidities affecting preterm newborn
infants,! postnatal growth restriction
is still one of the main problems to
be resolved in neonatal care units.??
Up to 50 % of very low birth weight
(VLBW) infants, but who have an
adequate weight for their gestational
age, are discharged with a weight
percentile below the 10" percentile
(Pc10) for their postmenstrual age.*
The long term effects of such scarce
intrahospital weight gain on the risk
for death or severe disability and
on the somatometric measurements
of the preterm infant during their
breastfeeding period are known.>”
Several strategies, including breast
milk fortification and donated milk,
have been introduced in nutritional
management for the purpose of
reaching an adequate growth rate
(GR) during hospitalization of VLBW
infants. A positive effect on growth
has been demonstrated during
hospitalization, but the impact of
these strategies beyond the neonatal
period is still unknown.

The early detection of postnatal
restriction is a priority. Instruments
are required to monitor preterm
infants” growth. GR is considered
an indicator of quality in neonatal
care units.® Different mathematical
formulas have been proposed, but
with little agreement in terms of
predictive ability of mortality after
discharge or severe disability.*?
Gradually, the use of formulas has
extended, like the one proposed
by Fenton,' which simplify the
estimation and use mean GR in a
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specific period of time. There is not enough
information about the predictive ability of these
simplified formulas.

The primary objective of this study was to
determine if there is an association between mean
intrahospital GR of VLBW infants, as estimated
with the Fenton formula, and somatometric
measurements at 2 years old of corrected
age (CA). The secondary objectives were to
determine if there is an association between mean
intrahospital GR and the probability of death
after discharge or severe disability at 2 years
old, as well as to study the effect of introducing
routine breast milk fortification on somatometric
measurements and the risk for death or severe
disability.

POPULATION AND METHOD

The study was conducted at a level IIIC
neonatal care unit that provides follow-up care to
VLBW infants up to 7 years old. A retrospective,
cohort study was done for the 1990-2015 period.
The study included children with a birth weight
< 1500 g in the 1990-2015 period. Children
with major malformations or genetic disorders
manifested in the prenatal or neonatal period
and those who did not receive complete follow-
up were excluded.

Two cohorts were established: the 1990-2001
cohort, who did not received fortification, and the
2002-2015 cohort, who received fortification. The
nutritional strategy implemented in the area was
the standard addition of fortificants to breast milk
(from the mother or a donor) given to all preterm
infants with a birth weight of less than 1500 g
once an enteral volume of 80 mL/kg/day was
achieved, which entailed a protein intake between
3.3 and 3.8 g/kg/day once an enteral intake
between 150 and 175 mL/kg/day was achieved.
In addition, as of 2011, selective fortification was
started when, besides reaching exclusive enteral
intake and administering standard fortification,
children had blood urea levels < 19 mg/dL, which
implied a total protein intake between 3.5 and
4.2 g/kg/day. During the study period, most
children (> 80 %) received their mother’s own
milk, at least during part of their hospitalization.
Since 2008, practically 100 % of children received
their mother’s own milk, donated milk, or both.

Definition of variables

The study dependent variable, mean
intrahospital GR, was estimated using the Fenton
formula:

Mean GR = ([weight at discharge (g) — birth
weight (g)]/ mean weight (kg))/length of stay
(days); where mean weight = (weight at discharge
[g] + birth weight [g]/2).

The result of mean GR was expressed as
g/kg/day. Based on the quality criteria published
in 2014 for neonatal care units,” a mean GR was
considered adequate if equal to or higher than
12 g/kg/day.

The variable, study result, derives from the
somatometric measurements at 2 years old
(weight, height, and head circumference). In
addition, a composite variable was developed for
children follow-up, called “death after discharge
or severe disability”, and which was created
in the presence of any of the following events
up to 2 years old of CA: death after discharge,
visual acuity below 10/100 in the better eye,
bilateral hearing impairment without reaching
useful hearing with amplification (in general,
greater than 90 dB), cerebral palsy equal to or
greater than level 3 out of 5 in the Gross Motor
Function Classification System,' or Bayley II
Index'® below 55, Bayley III Index'” below 65, or a
clinical impression of severe neurodevelopmental
disorder according to a neonatologist with
experience in follow-up of preterm infants. Catch-
up was defined as reaching the 10" percentile
or higher for the corresponding somatometric
parameter (weight, height or head circumference).
All data were collected from the follow-up
medical record.

The following variables for the intrahospital
period were considered: gestational age at
birth, sex, ductus surgical repair, presence
of pneumothorax, total days of intubation
and oxygen, total length of stay in days,
bronchopulmonary dysplasia if oxygen was
required at 36 weeks of postmenstrual age,
and severe retinopathy if greater than grade 3
or requiring laser therapy. Severe brain injury
was also considered if the patient had grade 3
or higher intraventricular hemorrhage, grade 3
ventriculomegaly or grade 3 parenchymal lesion.®

Statistical analysis

No formal estimation of the sample size
was made because it was decided to include
all patients who met the inclusion criteria in
each cohort. Cohorts were compared using
non-parametric tests (Mann-Whitney U test,
Wilcoxon’s test or Student’s t test), and the
X2 test, or Fisher’s exact test, depending on
variables’ nature. The assessment of factors for the
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association between somatometric measurements
at 2 years old of CA and mean GR was done
based on a logistic regression stratified for GA,
represented by the odds ratio or Wald 95 %
confidence interval. The level of significance was
set at5 %.

Ethical aspects

The study was assessed and approved by
the Research Ethics Committee of Hospital
Universitario 12 de Octubre. The General Data
Protection Regulation and the principles of the
Declaration of Helsinki were observed throughout
the process.

RESULTS

A total of 2084 preterm newborn infants
with a birth weight < 1500 g were admitted to
the neonatal care unit in the 1990-2015 period.
Figure 1 shows the flow chart after applying
the exclusion criteria. In the 1990-2001 cohort,
the final sample was made up of 478 patients,
whereas the 2002-2015 cohort included 716

patients. Table 1 shows the general characteristics
of both cohorts and the comparative analysis
between them. It is worth noting that, in the
2002-2015 cohort, mean gestational age was
significantly younger (27.99 weeks + 2.01 versus
28.37 +1.98, p < 0.01).

Table 2 shows the results of compared
somatometric measurements of children in the
overall cohort and the 2 sub-cohorts at 2 years
old of CA based on whether they had reached
or not an adequate intrahospital GR. When
patients achieved an adequate mean GR in the
hospital period, compared to those who did not,
their median weight at 2 years old of CA was
significantly higher in the overall cohort (11 400 g
[10 300-12 500] versus 11 000 g [10 000-12 140],
p = 0.02) and in the cohort with fortification
(11 420 g [10 400-12 500] versus 11 155 g [10 100-
12 090], p = 0.04). However, in the case of height,
only in the 2002-2015 cohort, children who
achieved an adequate mean GR had a taller mean
height at 2 years old of CA (86.42 +4.03 cm versus
85.56 +4.01, p < 0.02).

FIGURE 1. Flow chart and volume of patients after the implementation of exclusion criteria

Infants admitted with a BW <1500 g

Excluded due to birth in
another maternity center

Excluded due to death in the
delivery room or at admission

Excluded due to malformations |

Excluded because they were
lost to follow-up

Final sample

BW: birth weight.

1990-2001 2002-2015
cohort cohort
821 1263
[ 103 | [ 189 |
| 193 | | 195 |
L o | |3 |
[ s | [ 1 |
478 716

Overall cohort = 1194
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A post hoc analysis was done of the number
of preterm newborn infants with somatometric
percentiles below the Pc10 at birth who caught-
up at 2 years old of CA based on their mean
intrahospital GR. All results of this analysis are
shown in Table 3. In relation to these, it is worth
noting that, in the overall cohort, the percentage
of newborn infants with a low birth weight for
gestational age who reached the Pc10 for weight
at 2 years old of CA was higher when the mean
intrahospital GR was adequate compared to

inadequate (62.50 % versus 34.69 %, p = 0.02). The
same was observed with the assessment of the
percentage of newborn infants who, being below
the Pc10 for head circumference at birth caught-
up at 2 years old of CA (79.16 % versus 56.98 %,
p < 0.01). When sub-cohorts were analyzed
as well, results showed the same behavior for
weight, height, and head circumference in the
2002-2015 cohort, but no significant differences
were noted in the 1990-2001 cohort.

TaBLE 1. Description of the sample and comparisons between cohorts

Variables Overall cohort 1990-2001 cohort 2002-2015 cohort p value
N =1194 N =478 N =716
Female sex (%) 576 (48.24) 234 (48.95) 342 (47.77) 0.72
GA in weeks (mean/SD) 28.16 (1.99) 28.42 (1.95) 27.99 (2.00) <0.01
Birth weight (g) (median/IQR) 1070.00 (855.00-1270.00)  1100.00 (900.00-1278.00)  1053.00 (840.00-1264.00) 0.07
Birth length (cm) (mean/SD) 36.58 (3.21) 36.73 (3.12) 36.48 (3.26) 0.23
Birth HC (cm) (mean/SD) 26.14 (2.23) 26.24 (2.27) 26.08 (2.21) 0.14
Severe ROP (%) 41 (3.43) 22 (4.60) 19 (2.65) 0.07
O2 at 36 weeks (%) 202 (17.34) 82 (18.22) 120 (16.78) 0.52
PDA treated with surgery (%) 88 (8.72) 25 (5.57) 63 (11.25) <0.01
Severe brain injury (%) 137 (11.47) 55 (11.29) 82 (11.34) 0.99
NEC treated with surgery (%) 15 (1.58) 4(0.90) 11 (2.18) 0.12
Pneumothorax (%) 36 (3.78) 16 (3.57) 20 (3.96) 0.86
Days with intubation (mean/SD) 1.00 (0.00-7.00) 3.00 (1.00-9.00) 1.00 (0.00-5.00) <0.01
Days with oxygen therapy (mean/SD) 12.50 (1.00-49.00) 19.00 (3.00-52.00) 10.00 (1.00-48.00) <0.01
Length of stay in days (mean/SD) 67.00 (51.00-91.00) 70.00 (53.00-93.00) 65.50 (49.00-89.00) 0.09

GA: gestational age; SD: standard deviation; HC: head circumference; ROP: retinopathy of prematurity; O,: oxygen;
PDA: patent ductus arteriosus; NEC: necrotizing enterocolitis; IQR: interquartile range.

TaBLE 2. Comparison of anthropometric measures at 2 years old of corrected age considering an adequate or inadequate mean
intrahospital growth rate in the overall cohort and the different cohorts of nutritional strategies. It also shows the comparison

of a growth rate model adjusted for gestational age

Opverall cohort

1990-2002 cohort

2002-2015 cohort

N =1194 N =478 N =716
Adequate Inadequate P P Adequate Inadequate P P Adequate Inadequate P P
GR GR  value adjusted GR GR  value adjusted GR GR  value adjusted

N=177 N =1017 forGA N=29 N =449 for GA N=148 N=568 for GA
Weight (g) 11 400 11000  0.02 0.03 11 300 11000 092 092 11 420 11155  0.04 0.049
(median/IQR) (10 300- (10 000- (9800- (9960- (10400- (10 100-

12 500) 12 140) 12200) 12200) 12 500) 12 090)
Height (cm) 86.16 (3.94) 85.26(3.89) 0.02  <0.01 84.90(3.21) 84.88(3.69) 090  0.90  86.42(4.03) 85.56(4.01) 0.06  0.02
(mean/SD)
Head 48.20 (1.69) 48.01(1.92) 0.33 0.82 48.07 (1.54) 48.04(1.90) 0.67  0.61  48.23(1.73) 47.99(1.93) 016  0.63
circumference
(cm) (mean/SD)
Mean GA 29.01 (1.63) 28.02 (2.01) <0.01 29.69 (1.31) 28.33 (1.95) <0.01 28.87 (1.66) 27.77 (2.02)  <0.01
(semanas)
(mean/SD)

VC: velocidad de crecimiento; IC: rango intercuartilico; DE: desviacién estdndar; EG: edad gestacional.
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Table 4 details the number of children who
died after discharge compared to those who
developed severe disability, but did not die.
These data are shown based on the independent
variable GR and stratified for the nutritional sub-
cohorts assessed in this study. In addition, Table
5 shows the comparison of the risk for death after
discharge or severe disability at 2 years old of CA

considering mean intrahospital GR. No significant
differences were observed in the overall cohort or
the sub-cohorts.

DISCUSSION

This study shows how, in recent decades, the
population of VLBW infants with an adequate
mean intrahospital GR, as estimated based on

TaBLE 3. Comparison of the proportion of preterm newborn infants with a weight, height, and head circumference percentile
at birth below the 10th percentile who caught-up at 2 years old of corrected age based on their adequate or inadequate mean
intrahospital growth rate

Adequate GR Inadequate GR p value
Patients (n) with a weight percentile < 10 at birth Overall cohort 30/48 34/98 0.02
who caught-up their weight at 2 years old of CA (%) (62.5) (34.69)
1990-2001 cohort 3/7 14/44 0.67
(42.85) (31.81)
2002-2015 cohort 27/41 20/54 < 0.01
(65.85) (37.03)
Patients (n) with a height percentile < 10 at birth Overall cohort 34/48 61/98 0.35
who caught-up their height at 2 years old of CA (%) (70.83) (62.24)
1990-2001 cohort 4/7 27 /44 1
(57.14) (61.36)
2002-2015 cohort 30/41 34/54 0.29
(73.17) (62.96)
Patients (n) with a HC percentile < 10 at birth Overall cohort 38/48 53/93 <0.01
who caught-up their HC at 2 years old of CA (%) (79.16) (56.98)
1990-2001 cohort 5/7 23/41 0.68
(71.42) (56.09)
2002-2015 cohort 33/41 30/52 0.01
(80.48) (57.69)

GR: growth rate; CA: corrected age; HC: head circumference.

TABLE 4. Proportion of infants who died and who had severe disability at 2 years old of corrected age based on mean
intrahospital growth rate and studied nutritional cohorts

Overall cohort Adequate GR Inadequate GR
Number of Number of infants Number Number of infants Number Number of infants
deceased with severe of deceased with severe of deceased with severe
infants/Total N disability/Total N Infants/Total N disability/Total N Infants/Total N disability/Total N
(%) (%) (%) (%) (%) (%)
Overall cohort 111/1194 76/1194 16/177 4/177 95/1017 72/1017
9.29) (6.3) (9.03) (2.25) (9.34) (7.07)
1990-2002 cohort 43/478 32/478 0/29 3/29 43/449 29/449
) (6.69) (0) (10.34) (9.57) (6.45)
2002-2015 cohort 68/716 44/716 16/148 1/148 52/568 43 /568
(9.49) (6.14) (10.81) (0.67) (9.15) (7.57)

GR: growth rate.
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the Fenton formula, reached a higher weight at
2 years old of CA. In the cohort with breast milk
fortification, children with an adequate mean
intrahospital GR also reached a higher height at
2 years old of CA; this cohort had a significantly
younger mean gestational age. Such younger
mean gestational age in the 2002-2015 cohort
may be explained by a greater patient complexity
resulting from an increasingly more active care
at the unit from working with smaller preterm
infants. Also, a higher number of children whose
weight and head circumference were below the
Pc10 recovered to normal percentiles at 2 years
old of CA when mean intrahospital GR was
adequate, both in the overall cohort and in the
cohort with fortification.

Only one study has explored the impact of
intrahospital GR on anthropometric measures
in early childhood. That study was conducted
by Ehrenkranz et al.? and included 495 preterm
newborn infants with a birth weight between
501 g and 1000 g. They objectively established
that the percentage of children below the Pc10
for weight and height at 18 months old of CA
was significantly lower as GR increased in the
neonatal period. These results are consistent with
those of our study.

In relation to the impact of breast milk protein
fortification on anthropometric measures in early
childhood, some studies have demonstrated
that this nutritional strategy allows a greater
intrahospital gain in terms of weight,'* height,?
and head circumference® until 40 weeks of
postmenstrual age. Our findings demonstrate
that the cohort with fortification reached a

higher height at 2 years old of CA and that a
higher percentage of preterm newborn infants
caught-up in terms of head circumference. Some
studies have compared different levels of protein
fortification in the long term. Dogra et al.,?!
did not find a significant improvement in
anthropometric measures at 12-18 months
old when comparing fortification with 1 g of
protein/100 mL to 0.4 g/100 mL. However,
Mariani et al.,”? compared 2 protein fortification
regimens at 2 neonatal units; protein fortification
with 3.5 g/kg/day versus 4.8 g/kg/day in a
population of newborn infants with a birth weight
<1500 g, and found a greater head circumference
and height at 12 and 24 months old in the cohort
that received fortification. In addition, some
studies support the fact that strategies such as
fortification have allowed to reconcile 2 current
challenges observed in neonatal care units:
increasing the GR of preterm newborn infants
without affecting breastfeeding rates.”

A fair amount of evidence supports the
association between an adequate GR and a lower
risk for death after discharge or severe disability.
Several studies and systematic reviews have
demonstrated a positive association between an
adequate weight gain and better cognitive results
in an age range from 12 months to 19 years.2*%
Our study did not find a significant association
between an adequate mean intrahospital GR
and a lower risk for death after discharge or
severe disability at 2 years old of CA. Most
likely, the low frequency of death after discharge
and severe disability prevents the possibility of
establishing statistical significance. In addition,

TaBLE 5. Comparison of risk for death after discharge or severe disability at 2 years old of corrected age considering the mean
intrahospital growth rate in the overall cohort and the nutritional cohorts. It also shows the comparison of a growth rate

adjusted for gestational age

Adequate GR
Number of deceased
infants or infants with

Inadequate GR
Number of deceased
infants or infants

OR (95 % CI) OR (95 % CI)

severe disability /N with severe disability /N adjusted for GA
with adequate GR (%) with inadequate GR (%)

Overall cohort 20/177 167/1017 0.65 (0.38-1.04)  0.79 (0.47-1.12)
(11.29) (16.42)

1990-2001 cohort 3/29 72/449 0.60 (0.14-1.77)  0.84 (0.19-2.57)
(10.34) (16.03)

2002-2015 cohort 17/148 95/568 0.65 (0.36-1.09)  0.80 (0.44-1.39)
(11.48) (16.72)

GR: growth rate; GA: gestational age; OR: odds ratio; CI: confidence interval.
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some other clinical aspects of the intrahospital
period, such as sepsis, nosocomial infection or
delayed intrauterine growth retardation, as well
as socioeconomic factors present in the course
between hospital discharge and 2 years of life
may have an effect on said association, but were
not analyzed in this study.?*

This is the first study to explore the
relationship between mean intrahospital GR
as estimated based on simplified formulas and
somatometric measurements beyond the neonatal
period. The limitations of this study include the
little presence of the event death after discharge
or severe disability in this sample because it was
distributed into groups, and a larger sample
size would be required to study its relationship
with GR. There may be other modifications in
clinical practice that may or may not be related
to the association between GR and somatometric
measurements and the risk for death after
discharge or severe disability at 2 years old of
CA and that may affect results, e.g., the opening
of a donated breast and pasteurized milk bank
in 2008. In light of the results described here,
it may be concluded that mean intrahospital
GR improved somatometric measurements at 2
years old. In addition, in the studied population,
breast milk fortification was related to a higher
height and a significant greater percentage of
VLBW infants who caught-up in terms of head
circumference during early childhood.m
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