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Nutrition and growth in preterm babies – are we measuring the
right thing?
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The systematic review and meta-analysis by Sanchez-Holgado
et al.1 assesses the impact of the amount of enteral protein intake
on growth, measured as incremental change in weight, length and
head circumference. The novel features of this systematic review
are that only studies that are randomised controlled trials in which
babies received at least 50% of their enteral intake from fortified
human milk are included and actual protein intakes had to be
reported in at least one of the groups. Whilst other meta-analyses
have focused on “high versus low” protein, this review utilised
meta-regression to examine dose-response relationship between
protein intake (g.Kg−1.d−1) and growth. It therefore addresses the
question of the quantum of enteral protein intake in babies
already receiving supplementary protein intake on growth
outcomes.
The key finding is that each additional gram of protein per Kg

bodyweight per day results in a mean (95% confidence intervals)
increase in weight gain of 5.7 (2.3, 9.2) g.Kg−1.d−1, increasing to
8.8 (4.4, 13.2) g.Kg−1.d−1 after adjusting for energy intake. The
Cochrane review of fortification versus no fortification reported a
mean difference of only 3.8 (2.9, 4.7) g.Kg−1.d−1 with fortification2

and full fortification at a feed volume of 150mL.Kg−1.d−1 provides
approximately 1.0–2.2 g.Kg−1.d−1 additional protein.
The effect size reported by Sanchez-Holgado et al. for each

additional g of protein per Kg body weight per day therefore
seems high, although the confidence intervals are wide reflecting
both the small sample sizes (16–77 per arm) and low quality of
evidence, with the larger trials at high risk of bias. Although actual
protein intakes were measured in at least one group for each
included trial, with mean or median protein intakes 2.9 to
4.7 g.Kg−1.d−1, several types of milk analysers were used at
varying time points across trials, introducing variability in protein
measurement. Differences of up to 1 g.100 mL−1 may affect
reported intakes,3 especially if based on crude rather than total
protein, as this can overestimate bioavailable protein. Growth
velocity is a calculated variable that does not account for sex,
gestational age or birth centile and can be calculated using a
variety of methods which can lead to very different results.4

Sanchez-Holgado et al.1 found minimal effect of protein on
length gain, which was only statistically significant in the
multivariate analysis adjusted for concurrent energy intake with
a small effect size (0.8 [0.4, 1.2] mm per week; note this is absolute
length gain, not proportional to current length) and a very small
number of participants (total n= 174). Energy intake was

negatively associated with linear growth (−0.26 [−0.47, −0.05]
mm per week). In the Cochrane review of fortifiers with different
protein content,5 the subgroup analyses of energy content found
that in trials in which the fortifiers had similar energy content,
higher protein intake increased length growth whereas in the
trials that did not compare isocaloric fortifiers, this was not the
case, supporting the suggestion by Sanchez-Holgado and
colleagues that energy to protein ratios may require more of
our attention.
What should we make of the findings in this review? The simple

conclusion is that more enteral protein improves weight gain;
however, it does not improve length gain, usually considered the
real measure of growth whereas weight is a measure of mass.
There was also no benefit for growth in head circumference; head
circumference is correlated with brain volume6 which, in turn, is
correlated with two-year neurodevelopmental outcomes.7 The
manuscript draws conclusions about the protein intake likely
required to match fetal growth (weight gain) rate, but how do we
know that this is what we should be targeting?
The emphasis in the literature of reporting short-term out-

comes, mostly weight gain, risks conflating weight gain with
growth, incremental growth rate with the outcome of importance
and, therefore, a target ‘growth rate’. We can be confident that
‘adequate’ nutrition is necessary for healthy development but is it
time to consider how we should determine when nutrition is
adequate or not? We suggest that incremental weight gain is not
the right measure. Given how challenging it can be to measure
length accurately in preterm babies, and also how head
circumference can be distorted by both positional plagiocephaly
and methods of securing CPAP, weight is both a convenient and
relatively straightforward proxy for growth. However, some
variation in growth is expected, and growth within a range likely
is adequate to support healthy development. There has been
increasing debate in recent years about the definition of ‘faltering
growth’ and similar terms.8 This debate highlights the need to
identify the in-hospital measure of growth that truly matters:
when a baby’s growth trajectory is one that places the baby at risk
of adverse long-term health outcomes, principally neurodevelop-
mental but conceivably also cardiometabolic. It would be
interesting to know how many babies in the meta-analysis
reported in the paper by Sanchez-Holgado et al. suffered faltering
postnatal growth defined, for example, by a greater than 0.8
z-score decline in weight.9 Given the small sample sizes and the
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fact that these were trials of babies receiving at least 50% fortified
breastmilk, one assumes very few, raising the question of whether,
even if the large effect size reported is real, it really matters.
The outcome of real interest is often neurodevelopmental

outcome, but we have to acknowledge that it will not always be
possible, and for some trial hypotheses not appropriate, for trials
to measure this outcome. Neither the Cochrane review on
fortification2 nor a recent meta-analysis of higher versus lower
protein intakes10 was able to report convincingly on long-term
outcomes, because of the paucity and quality of data. Ideally, trials
will become larger and focus on relevant long-term primary
outcomes but, in the meantime, the neonatal nutrition research
community would benefit from agreeing on the in-hospital
growth outcome that is most relevant, how to define this and
then how to measure and report this, which in itself will enhance
meta-analysis. If this moves the outcome from a continuous
variable to a dichotomous variable, the result will be an increase in
the sample size of trials giving us greater confidence in the
outcome. Ideally, this will be accompanied by including longer-
term outcomes, such as two-year neurodevelopmental outcomes
(acknowledging the limitations of this time point) that will support
refinement of the definition of inadequate growth.
This would enable us to move on from a discussion about the

‘optimal’ growth rate in terms of a certain number of grams per
Kilogram per day to one that focuses on preventing an outcome
that we can be confident is associated with risk of adverse
outcome.
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