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1 | INTRODUCTION

Preterm infants are at increased risk of extrauterine growth re-
striction, which at least in part is caused by very high extrauterine

nutritional needs.! In addition, the inability to assimilate sufficient
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Abstract

Aim: Extrauterine growth restriction is common among extremely preterm infants.
We explored whether intake of unpasteurised maternal milk (MM) and pasteurised
donor milk (DM) was associated with longitudinal growth outcomes and neonatal
morbidities in extremely preterm infants.

Methods: Observational study of 90 preterm infants born between 2013 and 2015
in Gothenburg, Sweden. Data were prospectively collected on nutritional and breast
milk intakes during the first 28 days.

Results: Ninety infants (39 girls and 51 boys) with a median gestational age of 25.3
(22.7-27.9) weeks were evaluated. MM intake (mL/kg/d) correlated positively with
almost all z-scores for weight, length and head circumference at 28 postnatal days
and at postmenstrual age (PMA) 32 and 36 weeks. After multivariable adjustment,
MM intake and weight z-score at 28 postnatal days and at PMA 32 and 36 weeks
remained significantly associated. Infants consuming 280% MM had more favour-
able weight z-scores at PMA 32 and 36 weeks. Intake of DM did not correlate with
any growth outcomes. Infants without retinopathy of prematurity had a significantly
higher intake of MM (mL/kg/d).

Conclusion: Unpasteurised MM was positively associated with longitudinal growth
outcomes. Motivating mothers to provide their infants with their own milk after pre-

term birth should be emphasised.
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nutrition due to feeding intolerance secondary to immaturity and
neonatal morbidities is especially common in extremely preterm
infants. The result is significant energy and protein deficits, primar-
ily in the early postnatal period.? Most extremely preterm neonates

suffer from growth restriction that can persist into childhood.®

Abbreviations: PMA, postmenstrual age; ROP, retinopathy of prematurity; SD, standard deviations.
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Energy, protein and other macronutrient intakes relate inde-
pendently and positively to weight, length and head circumference
growth in extremely preterm infants.*> In addition to nutrient in-
take, the type of breast milk fed to preterm infants influences pri-
marily weight growth in the neonatal period. Preterm infants fed
predominantly unpasteurised maternal milk, as opposed to pasteur-
ised donor milk, regain their birth weight earlier and gain weight
faster in the postnatal period.®™**

Apart from growth outcomes, intake of predominantly unpas-
teurised maternal milk has been shown to be protective against
short-term and long-term morbidities. These include infection-re-
lated events and late-onset sepsis, necrotising enterocolitis and reti-
nopathy of prematurity (ROP).**12 Unpasteurised maternal milk also
seems to protect against adverse neurodevelopmental outcomes at
1 and 2 years of corrected age.” Preterm infants fed predominantly
maternal milk, as opposed to donor milk and/or preterm formula,
also have shorter neonatal hospital stays.®'? Moreover, a study of
926 French preterm infants found that those who received fresh ma-
ternal milk, rather than pasteurised maternal milk, had a significantly
lower risk of developing bronchopulmonary dysplasia.®

In Sweden, the number of extremely preterm infants fed only
maternal milk at discharge from the neonatal unit has decreased
from 55% in 2004 to 16% in 2013.14

We hypothesised that extremely preterm infants that received
a higher proportion of unpasteurised maternal milk during the first
four postnatal weeks would have a more favourable growth from
birth until 36 weeks of postmenstrual age (PMA). We also explored
the potential protective effects of maternal milk on ROP, broncho-

pulmonary dysplasia and sepsis.

2 | METHODS
2.1 | Study design

This observational study originates from a randomised controlled
trial that compared two different parenteral lipid solutions admin-
istered to extremely preterm infants. The solutions differed in
their contents of long-chain polyunsaturated fatty acids and the
outcomes studied in the trial were ROP, other neonatal morbidi-
ties and growth. The trial was carried out in the neonatal inten-
sive care unit at Sahlgrenska University Hospital in Gothenburg,

Sweden.?®

2.2 | Study population

Out of 138 eligible infants, the randomised controlled trial included
90 infants with a gestational age less than 28 weeks, born between
April 2013 and September 2015. Parental consent was obtained
prior to inclusion. The exclusion criterion was major congenital
malformations. Ethical approval was issued by the Regional Ethical
Review Board, Gothenburg (Clinical trial NCT02760472).
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Key Notes

e Knowledge is lacking regarding the effects of unpas-
teurised maternal milk compared with pasteurised
donor milk on the associations with postnatal growth.

e Intake of unpasteurised maternal milk was associated
with longitudinal growth outcomes.

e Future research should focus on specific components in
unpasteurised breast milk that could be of importance
for postnatal growth.

2.3 | Data collection

Data regarding nutritional intake, growth and maternal and neona-
tal morbidities were prospectively collected during hospitalisation
according to the study protocol and verified against patient charts.
The full amount of enteral and parenteral nutrition received by the
infants were registered daily for the first 28 days of life in Nutrium,
a computer-aided neonatal nutrition calculation program (Nutrium
AB).X Registration of nutritional intakes in Nutrium included
parenteral nutrition and other non-nutritional parenteral fluids,
maternal and donated breast milk, human milk fortifiers, other
nutritional products used for fortification of feeds, enteral and
parenteral supplements of vitamins, minerals and trace elements,
and transfusions of blood products. Potential nutrients from blood
products were not included in the data analysis. Neither was the
recorded nutrition from the day of birth since the infants had re-
ceived nutrition for a variable number of hours during the first day
of life. If a maternal breast milk analysis was unavailable, estimated
macronutrient and energy values from early maternal breast milk
produced less than 4 weeks postpartum, were used. The estimate
was based on previous data for analysed maternal milk in a larger
cohort of extremely preterm infants born in Sweden.’” For the
current study, we defined full enteral feeds as an enteral intake of
at least 150 mL/kg/d.

2.4 | Exposure variables

The primary exposure variable was intake of unpasteurised maternal
milk. However, because most infants in Sweden receive both un-
pasteurised maternal milk and pasteurised donor milk the first four
postnatal weeks, we used intake of pasteurised donor milk as a sec-
ondary exposure variable.

The exposure variables, for maternal and donor milk intake
during postnatal days 2-28, 2-14 and 15-28, were explored in two

ways in relation to outcome variables:

1. As mean intake (mL/kg/d) of unpasteurised maternal milk and
pasteurised donor milk.

2. As proportional intake of maternal milk (<80% or >80%).
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2.5 | Outcome variables

The primary outcome variables were z-scores for weight, length and
head circumference at postnatal age 28 days and at PMA 32 and
36 weeks. Secondary outcome variables were the neonatal morbidi-

ties ROP, bronchopulmonary dysplasia and sepsis.

2.6 | Parenteral nutrition protocol

After birth, parenteral nutrition was initiated as early as possible,
targeting a volume of 80-90 mL/kg/d during the first 24 hours. The
parenteral solution was a combination of amino acids and glucose.
Unless contraindicated, a lipid solution was initiated at 6-12 hours
after birth. The parenteral nutrition protocol has been described in

more detail elsewhere.'®

2.7 | Enteral nutrition protocol

The local routine was to initiate minimal enteral feedings with 1-2 mL
of human milk per feeding within three hours after birth. Enteral vol-
umes were increased by 10-20 mL/kg/d depending on the infant's
feeding tolerance until the goal volume of 160-180 mL/kg/d was
reached. Nutritional targets were set at 4-4.5 g protein/kg/d and
115-135 kcal/kg/d.

Unpasteurised expressed maternal milk, either fresh or thawed
after freezing, was the primary choice of enteral feeds. If maternal
milk was unavailable or insufficient to meet the infant's volume needs,
pasteurised donor milk was used as a supplement. Maternal milk was
never pasteurised, and donor milk was always pasteurised. Donor milk
was given until 34 weeks PMA after which it was replaced by preterm
formula. The local routine was to fortify both maternal and donor milk
with a bovine human milk fortifier (Nutriprem, Nutricia, France). If ad-
ditional fortification was required fat emulsions and/or carbohydrates
were used. Fortification of all breast milk, maternal and donated, was
based on breast milk analysis and was initiated when the enteral intake
reached 70 mL/kg/d. Maternal and donor milk was fortified as long as
the infant received expressed breast milk.

The first maternal breast milk analysis was undertaken when
50% of the infant's enteral nutrition originated from maternal milk.
Maternal milk was analysed, based on a 24-hour sample, once weekly
until fortification was discontinued. Maternal milk and donor milk
were analysed with a human milk analyser, MilkoScan Minor (FOSS),
generating nutritional values of kilocalories (energy) and grams of

protein, carbohydrates and fat per 100 mL of breast milk.
2.8 | Growth measurements and definitions of
growth restriction

Infants were weighed daily, as long as clinically stable, and length

and head circumference were measured once weekly. Nursing staff

performed all anthropometric measurements, and the same nurse
always performed the weekly length and head circumference meas-
urements. Weight was measured with an accuracy of +5 g. Length
was measured with a measuring tape if the infant was less than 35 cm
long, otherwise a length board was used. Length and head circum-
ference were measured to the nearest centimetre and millimetre.

All anthropometrics collected throughout the hospital stay were
registered prospectively in Nutrium and digitally transformed into
z-scores according to the Niklasson growth reference for preterm
infants.*® If infants had no recorded weight, length or head circum-
ference, measurements +1 day were assumed equal to measure-
ments on 28 postnatal days, and weight measurements +3 days as
well as length and head circumference measurements +7 days were
assumed equal to measurements at PMA 32 and 36 weeks.

Small for gestational age was defined as a birth weight z-score
below -2 standard deviations (SD) of the gestational age-related

mean of the population.

2.9 | Clinical variables and definition of morbidities

ROP was classified according to the International Classification of
Retinopathy of Prematurity.’” Bronchopulmonary dysplasia was de-
fined as the need for supplemental oxygen at 36 weeks PMA. Sepsis
was divided into presence of early-onset sepsis, that is sepsis episodes
that occurred from birth until postnatal day seven, and presence of
late-onset sepsis, defined as sepsis episodes that occurred from post-
natal day eight until discharge from the neonatal unit or mortality.
Sepsis was defined as presence of clinical symptoms concomitant with
a positive blood culture. If the blood culture showed a mixed bacte-
rial flora or coagulase-negative staphylococci an elevated C-reactive
protein (>20 mg/L) or interleukin-6 (>1000 ng/L) was also required
for diagnosis. Steroid treatment during the first four postnatal weeks
was summarised to an accumulated dose of hydrocortisone (mg/kg)
and betamethasone (mg/kg), in which the betamethasone dosage was

converted into hydrocortisone equivalents by the ratio 1:35.

2.10 | Statistical analysis

The data were analysed using SPSS version 24 (IBM Corp) and SAS
software version 9.4 (SAS Institute Inc). For tests between two groups,
the Mann-Whitney U test was applied for continuous variables, the chi-
square test for non-ordered categorical variables and Fisher's exact test
for dichotomous variables. The relation between two continuous vari-
ables was examined by the Spearman rank correlation coefficient. The
analyses of receiver operating characteristic curve, with growth varia-
bles at 28 postnatal days and at 32 and 36 weeks PMA dichotomised ac-
cording to -2 SD as outcome, were used in order to identify the cut-off
of more or less than 80% of maternal milk intake. In addition, the cut-off
was selected based on a previous study using the same cut-off value.®
The association between intake of maternal or donor milk and growth

variables was investigated by using univariable and multivariable linear
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regression models. The assumption of normality was checked and found
satisfactory. Confounders and other variables with a possible relation-
ship to growth were accounted for in the linear regressions: gestational
age, birth weight z-score, accumulated steroid intake (mg/kg) and ma-
ternal preeclampsia. The total energy (kcal/kg/d) and protein (g/kg/d)
intakes were identified as mediators for the main analysis and hence
were not adjusted for. Their relation to growth variables was instead
separately analysed in a similar way. The association between intake of
maternal or donor milk and neonatal morbidities was investigated using
univariable and multivariable logistic regression models. For all analyses,

the tests were two-tailed and statistical significance was set at P < .05.

3 | RESULTS

The described results refer to 28 days of life and to 32 and 36 weeks
of postmenstrual age. Neonatal characteristics according to propor-
tional intake of maternal milk (<80% vs 280%) during days 2-28 are
presented in Table 1.

3.1 | Amount of maternal or donor milk intake, total
nutritional intake and growth

The relationships between amount of maternal milk intake (mL/kg/d)
and z-scores for weight, length and head circumference are presented

TABLE 1 Neonatal characteristics of
the study population (n = 90). Presented
according to mean proportional intake
of maternal milk <80% or 280% during
postnatal days 2-28

Gestational age (wk)
Sex (female)

Birth weight (g)
Birth weight z-score
SGA

Maternal preeclampsia

APGAR < 7 at 5 min

Days to full enteral intake®
Steroid intake (mg/kg)h
Retinopathy of prematurity

Supplemental oxygen at
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in Table 2. The intake of maternal milk from day 2 to day 28 correlated
positively with z-scores for weight and head circumference at postnatal
age 28 days as well as with z-scores for weight, length and head cir-
cumference at 32 and 36 weeks (weight z-scores: r,=0.32, P =.005
at 32 weeks and r, = 0.32, P = .006 at 36 weeks). We also found posi-
tive correlations between maternal milk intake and subsequent weight
growth, during days 2-14 (weight z-score at 32 weeks: r, = 0.23, P =.041)
and days 15-28 (weight z-score at 32 weeks: r_ = 0.30, P = .008). The
strongest correlations were present during days 15-28. The relation-
ship between maternal milk intake and weight z-score at 28 days and at
32 and 36 weeks remained significant after adjustment for confound-
ing factors in linear regression models (Table 3). For every 10 mL/kg/d
increase in unpasteurised maternal milk intake, weight z-score would
increase by 0.03 SD (P = .034) at 28 days and by 0.05 SD (P = .018) at
32 weeks and 0.06 SD (P = .042) at 36 weeks (Figure 1). Intake of donor
milk (mL/kg/d) did not correlate with any postnatal growth outcomes.

The relationship between total energy and total protein intake
vs weight z-score at 28 days and at 32 and 36 weeks remained sig-
nificant after adjustment for confounding factors in separate linear
regression models (Tables S1 and S2). Univariably, the amount of ex-
plained variation measured by R? ranged between 6% and 8% for
maternal milk, 8% and 11% for total energy and 8% and 18% for total
protein. In the multivariable models, birth weight z-score contrib-
uted most to the increase in R2. These results were similar for the
models with maternal milk, total energy and total protein at the re-
spective time points (Table 3; Tables S1 and S2).

Maternal milk <80% Maternal milk > 80%

36 wk postmenstrual age

Early-onset sepsis®
Late-onset sepsis®

Deceased

(n=28) (n=62) P value
25.3(22.9-27.9) 25.3(22.7-27.9) 0.656
3 (46) 26 (42) 0.690
688 (420-1255) 780 (415-1260) 0.097
-0.9 (-6.9 to 0.6) -0.3(-5.2t0 1.3) 0.032
4(14) 8(13) 1.000
4 (15) 6(10) 0.484
7 (63) 32(54) 0.448
14 (8-63) 14 (8-40) 0.634
1.7 (0-144.2) 1.7 (0-86.7) 0.644
18/22° (82) 43/56°(77) 0.766
11/22° (50) 28/56° (50) 1.000
2(7) 4(7) 1.000
5(18) 13(21) 0.733
6(21) 6 (10) 0.180

Note: Values are presented as median (range) or numbers (%).

Abbreviation: SGA, small for gestational age.
’Defined as first day of enteral intake of 150 mL/kg/d.

PAccumulated intake of hydrocortisone (mg/kg) and betamethasone (mg/kg) during the first 28
postnatal days. Betamethasone was converted into hydrocortisone equivalents by the ratio 1:35.

‘Surviving infants.

dEarly-onset sepsis was defined as sepsis occurring up to 7 d of age.

€Late-onset sepsis was defined as sepsis occurring after 7 d of age until discharge or death.
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TABLE 2 Relationships between mean

Maternal milk Maternal milk Maternal milk maternal milk intake (mL/kg/d) during
postnatal days postnatal days  postnatal days tnatal d 2-14. 15-28 and 2-28 and
214 15-28 2.28 postnatal days 2-14, 15-28 and 2-28 an
growth outcomes at postnatal age 28 d
r Pvalue r Pvalue r P value and postmenstrual age (PMA) 32 and
36 wk
Postnatal age 28 d
Weight z-score (n = 78) .20 .074 31 .006 .32 .004
Length z-score (n = 39) .34 .036 .25 129 .29 .075
Head circumference z-score (n = 44) .35 .019 .28 .065 .34 .025
PMA 32 wk
Weight z-score (n = 77) .23 .041 .30 .008 .32 .005
Length z-score (n = 76) .25 .027 22 .056 .23 .043
Head circumference z-score (n = 76) 27 .017 29 012 .31 .007
PMA 36 wk
Weight z-score (n = 72) 22 .069 .31 .007 .32 .006
Length z-score (n = 70) .23 .056 .34 .004 31 .008
Head circumference z-score (n = 71) .23 .057 27 .023 .28 .020
3.2 | Proportional intake of maternal and head circumference according to proportional intake of mater-
milk and growth nal milk (<80% vs 280%) during days 2-28. Weight z-scores at 32 and
36 weeks differed significantly with respect to proportional intake of
The distribution of the proportional intake of maternal milk among in- maternal milk, with infants receiving more than 80% maternal milk dur-
fants receiving less than 80% maternal milk during days 2-28 is shown ing the first 4 weeks of life having more favourable longitudinal weight

in Figure 2. Figure 3A, B depicts longitudinal z-score growth for weight z-scores. Statistical significance did not remain after adjustment for

TABLE 3 Contribution of mean intake of maternal milk (mL/kg/d) during postnatal days 2-28 to weight z-score at postnatal age 28 d and
postmenstrual age (PMA) 32 and 36 wk in linear regression models

Univariable analysis Multivariable analysis
R? for the

Variable Beta (95% Cl) Pvalue R? Beta (95% Cl) P value whole model
Postnatal age 28 d

Maternal milk 0.007 (0.001-0.013) .022 .067 0.003 (0.000-0.007) .034 797

Gestational age 0.081 (-0.107 to 0.270) .394 .010 0.070 (-0.034 to 0.175) .185

Birth weight z-score 0.818 (0.713-0.923) <.001 .759 0.853(0.735-0.972) <.001

Accumulated steroid intake -0.008 (-0.020 to 0.003) 0.136 0.029 0.000 (-0.006 to 0.006) 0.954

Preeclampsia -1.213 (-1.954 to -0.471) 0.002 0.124 0.357 (-0.086 to 0.800) 0.113
PMA 32 wk

Maternal milk 0.008 (0.002-0.014) .015 .076 0.005 (0.001-0.008) .018 .733

Gestational age 0.020 (-0.170 to 0.209) .837 .001 -0.037 (-0.157 to 0.083) .538

Birth weight z-score 0.775 (0.658-0.893) <.001 .698 0.763 (0.627-0.900) <.001

Accumulated steroid intake -0.010 (-0.021 to 0.001) .074 .043 -0.005 (-0.011 to 0.002) 178

Preeclampsia -1.349 (-2.079 to -0.619) <.001 .155 0.149 (-0.364 to 0.663) .564
PMA 36 wk

Maternal milk 0.008 (0.000-0.015) .038 .060 0.006 (0.000-0.012) .042 473

Gestational age -0.012 (-0.236 t0 0.212) 917 .000 0.026 (-0.175 to 0.228) 795

Birth weight z-score 0.673 (0.484-0.861) <.001 420 0.684 (0.466-0.902) <.001

Accumulated steroid intake 0.000 (-0.013 t0 0.013) 960 .000 0.005 (-0.006 to 0.016) 407

Preeclampsia -1.184 (-2.035 to -0.332) .007 .100 0.123 (-0.690 to 0.935) 764

Abbreviation: Cl, confidence interval.
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confounding factors in the linear regression models. The presence of
extrauterine growth restriction, defined as a weight z-score below -2
SD at 36 weeks PMA, was higher among infants receiving less than
80% maternal milk during days 2-28: 36.4% vs 16% among infants re-
ceiving more than 80% maternal milk (P = .070).

3.3 | Proportional intake of maternal
milk and nutrition

Total, enteral and parenteral energy and protein intakes according to
proportion of maternal milk intake are presented in Table 4. Infants that
received more than 80% unpasteurised maternal milk had significantly
higher intakes of total energy and protein during days 2-28. In a sub-
group analysis, this difference emerged only for days 2-14. Similarly,
infants that received more than 80% unpasteurised maternal milk had
significantly higher intakes of enteral energy and protein during days
2-14, whereas enteral energy and protein intake did not differ signifi-
cantly during days 15-28 or 2-28. Parenteral intakes of energy and pro-

tein did not differ between the groups at any time period investigated.

3.4 | Breast milk and morbidities

The proportion of maternal milk intake was not associated with
presence of ROP, bronchopulmonary dysplasia or early or late-
onset sepsis (Table 1). Infants without ROP had a significantly
higher mean intake of maternal milk (mL/kg/d) during days 15-28
than their counterparts who later developed ROP (148 vs 110 mL/
kg/d, P = .039). There was also a trend towards this relationship
for days 2-28 (105 vs 85 mL/kg/d, P = .055). After adjustment for

either gestational age or birth weight z-score in logistic regression

models, these relationships no longer remained significant. Intake
of maternal milk (mL/kg/d) was not associated with presence of
bronchopulmonary dysplasia or sepsis. Amount of donor milk in-
take (mL/kg/d) was not associated with ROP, bronchopulmonary
dysplasia or sepsis.

25% 25%

Number of infants

18%

1% 1%

7%

3%

0 10 20 30 40 50 60 70 80
Maternal breast milk intake (%)
FIGURE 2 Distribution of proportional intake of maternal

milk among infants receiving <80% maternal milk (n = 28) during
postnatal days 2-28
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FIGURE 3 A, Weight z-score growth
during hospital stay in the neonatal unit
according to proportion of received
maternal milk postnatal days 2-28.
*Indicates statistically significant
difference between the groups (P < .05).
B, Head circumference z-score growth
during hospital stay in the neonatal unit
according to proportion of received
maternal milk postnatal days 2-28
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4 | DISCUSSION

Our main findings suggest that a higher intake of unpasteurised ma-
ternal milk during the first four postnatal weeks was associated with
a more favourable weight growth. A higher intake of maternal milk
was also univariably associated with less ROP. In contrast, pasteur-
ised donor milk showed no association with any longitudinal growth
outcomes or morbidities.

Human breast milk has a unique composition. It does not
only supply infants with energy and essential nutrients, but also
contains other important elements for infant development and
well-being. Immunoprotective components, growth factors and
hormones present in human breast milk promote infant growth.
Moreover, these bioactive components may offer protection
against morbidities such as sepsis, bronchopulmonary dysplasia
and ROP.2°

In Sweden, donor milk is routinely pasteurised with the pur-
pose of inactivating infectious agents. However, pasteurisation
reduces the content and/or activity of various growth factors and
immunoprotective components. Furthermore, pasteurisation de-
creases the antioxidant capacity of the breast milk, inactivates cel-
lular elements and destroys almost all lipase present in the breast

milk.2!

PMA 36 wk

—8— |\laternal breast milk 280%

Unpasteurised preterm maternal milk has a significantly higher
content of macronutrients and energy compared with pasteurised
donor milk.}”?2 This may trace to the fact that most donor milk
originate from mothers giving birth at term. In addition, the milk
is usually donated after a period of breastfeeding. Compared with
term human milk, preterm human milk contains more protein.17
However, as with term human milk, protein content in preterm
human milk also decreases over time, although more slowly than in
term human milk.2

In our cohort, the mean intake of maternal milk (mL/kg/d) cor-
related positively with longitudinal weight, length and head cir-
cumference outcomes. We found the strongest correlations for
maternal milk intake at postnatal days 15-28. After multivariable
adjustment for confounding factors, these associations remained
significant for weight z-scores at 28 postnatal days and at 32 and
36 weeks of postmenstrual age but not for length and head cir-
cumference z-scores.

Similar to intake of maternal milk, total energy (kcal/kg/d) and
total protein (g/kg/d) intake displayed independent associations
with growth after adjustment in multivariable models. Overall
in these models, birth weight z-score contributed most to the ex-
plained variation. When analysed alone, maternal milk showed nu-

merically somewhat lower explained variation compared with that
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TABLE 4 Mean nutritional intake of the study population (n = 90) during postnatal days 2-14, 15-28 and 2-28 according to proportional intake of maternal milk

Maternal milk postnatal days 2-28

Maternal milk postnatal days 15-28

Maternal milk postnatal days 2-14

P value

=62)

80% (n

=

=28)

<80% (n

P value

=62)

80% (n

=

=22)

<80% (n

P value

80% (n = 64)

2

=26)

<80% (n

.023

113 (59-149)

99 (59-123) .002 128 (103-158) 132 (95-179) 784 108 (8-140)

91 (8-120)

Total energy (kcal/

kg/d)

.020
150

3.6 (1.8-5.0)

3.4(0.3-4.3)

.887
.562

4.1(3.0-5.7)

115(3-179)

4.2 (3.1-5.0)
122 (57-158)

002

.026

3.2(1.8-4.5)

2.9 (0.3-3.9)

Total protein (g/kg/d)

85 (13-136)

81(0-134)

63 (7-108)

43 (0-108)

Enteral energy (kcal/

kg/d)

197
.821

2.6 (0.3-4.5)
27 (5-86)

.387 2.4(0.0-4.1)

136

3.7 (1.7-5.0) 7 (0.1-5.5)
15 (0-96)

.019
.817

1.8 (0.2-3.6)

1.1 (0-3.4)

Enteral protein (g/kg/d)

28 (6-89)

2(0-47)

38(8-81) 38 (9-83)

Parenteral energy
(kcal/kg/d)

676

.097 0.9 (0.2-3.4) 1.0(0.1-3.3)

0.5 (0-3.8)

1.3(0.3-3.0) 950 0.1 (0-1.6)

1.4(0.3-3.0)

Parenteral protein (g/

kg/d)

Note: Values are presented as median (range).
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of total energy and total protein. However, the full models for each
of the three exposures provided a similarly large R?.

Infants that received at least 80% unpasteurised maternal milk
had more favourable weight z-scores at 32 and 36 weeks. These re-
sults are in line with those of a prospective observational study by
Montjaux-Régis et al,® who used a similar stratification for maternal
milk intake. They found a positive association between proportion of
maternal milk intake and weight gain.

In our study, the effect was most pronounced for maternal milk
intake during days 15-28 (data not shown), a time point when the
enteral intake of human breast milk had increased substantially. The
difference in postnatal weight z-scores may be explained by the dif-
ference in birth weight z-scores: infants who later received at least
80% maternal milk also had significantly higher weight z-scores at
birth. The presence of maternal preeclampsia did not differ between
the groups and could thus not explain the difference in birth weight
z-scores. However, the enteral intake of energy and protein did not
differ significantly between the two groups during days 15-28. At
this time, on group level, the infants were fully enterally fed. A prob-
able explanation for this is the individualised targeted fortification of
all breast milk that was practised within this cohort.

These findings of more beneficial growth outcomes for infants
that received predominantly unpasteurised maternal milk suggest
that other breast milk components, rather than energy and macro-
nutrients alone, may affect infant growth. This is supported by other
studies where infants fed unpasteurised as compared to pasteurised
maternal milk had a faster weight gain (g/kg/d).*>2*

Few previous studies have efficiently assessed the effects of
unpasteurised maternal milk compared with pasteurised donor milk
on growth and other neonatal outcomes. Conducting a randomised
controlled trial would be unethical given the proven benefits of ma-
ternal breast milk. A likely explanation for the scarcity of studies is
that many neonatal units use preterm formula rather than donor milk
as a supplement to maternal milk.2> However, a previous randomised
controlled trial provided evidence of more favourable weight growth
outcomes for low-birth-weight infants that were fed unpasteurised
preterm maternal milk. These infants had a faster growth velocity
and regained their birth weight earlier than infants fed pasteurised
pooled donor milk originating from mothers giving birth preterm. Of
interest, the total energy content of the unpasteurised maternal milk
was not significantly different from the pasteurised preterm donor
milk.X° This finding further supports the possibility that not only the
nutritional content, but also other factors present in unpasteurised
human milk may be important for infant growth.

Some studies have found positive associations between unpas-
teurised maternal milk and longitudinal length and head circumfer-
ence outcomes,”® whereas others have not.*%'° Schanler et al'?
found that infants fed predominantly maternal milk had significantly
less length growth than infants fed donor milk or preterm formula.
We found a greater incidence (36.4%) of extrauterine growth restric-
tion among those infants that received less than 80% maternal milk.
Similar to our findings, Colaizy et al?® reported a greater presence

of postnatal growth restriction in infants receiving predominantly
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donor milk. Our study differed from the other studies in that our
infants were extremely immature with a median gestational age of
25 weeks. In addition, we individually calculated nutritional intake
and based the amount of breast milk fortification on prospective
analysis of composition of maternal and donor milk. This approach
ensured that all infants, whether they received maternal or donor
milk, achieved similar nutrient intakes. In contrast, the other studies
rather fortified maternal and donor milk interchangeably.

In our cohort, infants who did not develop ROP had a signifi-
cantly higher mean intake of unpasteurised maternal milk during
days 15-28. There was also a trend towards this relationship for
days 2-28. However, after adjustment for either gestational age or
birth weight z-score, the significance disappeared. Other studies
have reported lower rates of any and severe ROP in infants that pre-
dominantly received maternal milk.812 Moreover, in our cohort total
breast milk intake, that is maternal and donor milk combined, and
total energy intake differed between infants with and without ROP.
Total breast milk intake (mL/kg/d) and total energy intake (kcal/
kg/d) were significantly higher for infants without any ROP during
all time periods investigated (data not shown). Others have shown
that human milk feeding is associated with a reduced odds ratio of
ROP.?” Furthermore, it has been reported that a low total energy
intake during the first postnatal month is an independent risk factor
for development of severe ROP.? In line with other studies,?’ those
infants that did not develop ROP in our cohort exhibited a more fa-
vourable postnatal growth. They had greater z-scores at 28 days and
at 32 and 36 weeks (data not shown).

A systematic review and meta-analysis published in 2018 found
the evidence inconclusive for an effect of human milk pasteurisation
on any and severe ROP.3° However, the included studies did not nec-
essarily compare unpasteurised maternal milk and pasteurised donor
milk, some studies compared unpasteurised vs pasteurised maternal
milk only.

The strengths of our study include the prospective detailed collec-
tion of breast milk and nutritional intakes. A limitation is that the strati-
fication of infants into groups of maternal milk intake less than or more
than 80% may not have been optimal. However, this approach allowed
for an acceptable distribution of infants between the groups. Other
weaknesses include the limited time period of complete nutritional and
breast milk data. As a result, on group level, infants were supported
by parenteral nutrition in addition to enteral breast milk intake during
at least half of the analysed time period. Our rather small sample size
could explain the lack of statistical significance for both growth out-
comes and morbidities in the multivariable analysis. The study popu-
lation was based on a randomised clinical trial, powered for a different
outcome and potentially introducing a selection bias. Lastly, we cannot

exclude that residual confounding may have occurred.

5 | CONCLUSION

In conclusion, we found that an increased intake of unpasteurised

maternal milk was positively associated with longitudinal growth

outcomes from birth until 36 weeks postmenstrual age. Postnatal
growth in extremely preterm infants is likely affected by a combina-
tion of various events where nutritional intake per se is an important
contributor. We were not able to elucidate the causes of the growth
differences derived from a predominant intake of either maternal
milk or donor milk. These differences could perhaps be explained
by the effects of pasteurisation, the handling of breast milk in the
neonatal unit or differences in content of bioactive components in
maternal and donor milk. Future research in this field should focus
on specific components in unpasteurised breast milk important for
postnatal growth.

In the meantime, attempts to motivate mothers to provide their
infants with their own milk after preterm birth should be promoted.
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