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�Anna-My Lund, yMagnus Domellöf, zAldina Pivodic, zAnn Hellström, §Elisabeth Stoltz Sjöström,
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University and Skåne University Hospital, Lund, Lund, Sweden
(e-mail: anna-my.lund@med.lu.se).

Supplemental digital content is available for this article. Direct URL
citations appear in the printed text, and links to the digital files are
provided in the HTML text of this article on the journal’s Web site
(www.jpgn.org).

Sources of Funding: Reg
Development, Ove Be
Swedish Medical Rese
Gothenburg Medical So
ment ALFGBG-717971

M.D. holds the copyright to
no conflicts of interest.

Copyright # 2021 The A
Inc. on behalf of the E
Hepatology, and Nutri
Gastroenterology, He
article distributed und
(CCBY), which permi
in any medium, provi

DOI: 10.1097/MPG.0000

292 JPGN �
Objectives: The aim of the study was to evaluate the relationships between

intake of mother’s own milk (MOM), compared with intake of pasteurized donor

milk (DM), and postnatal growth, incidence of retinopathy of prematurity (ROP)

and bronchopulmonary dysplasia (BPD), in extremely preterm infants.

Methods: Swedish population-based cohort of surviving extremely preterm

infants born 2004 to 2007. Exposure to MOM and DM was investigated from

birth until 32 weeks postmenstrual age (PMA) in 453 infants. Primary outcome

variables were change in z-score (D) from birth to 32 weeks PMA for weight,

length, and head circumference (HC). Secondary outcomes were incidence of

ROP and BPD. Mixed models adjusting for confounders were used to

investigate the association between exposures and outcomes.

Results: Infants’ mean gestational age (GA) was 25.4 weeks. Unadjusted,

MOM (per 10 mL � kg�1 � day�1) was associated with Dweight and DHC with

beta estimates of 0.03 z-score units (95% CI, 0.02–0.04, P< 0.001) and 0.03

z-score units (95% CI, 0.01–0.05, P¼ 0.003), respectively. After adjustment for

predefined confounders, the association remained significant for Dweight and

DHC. A similar pattern was found between Dweight and each 10% increase of

MOM. Unadjusted, a higher intake of MOM (mL � kg�1 � day�1) was significantly

associated to a lower probability of any ROP and severe ROP; however, these

associations did not remain in the adjusted analyses. No associations were

found between MOM (mL � kg�1 � day�1) and BPD. Moreover, no

associations were found between DM and growth or morbidity outcomes.

Conclusions: An increased intake of MOM, as opposed to DM (and not

formula feeding), was associated with improved postnatal weight gain and

HC growth from birth until 32 weeks PMA in extremely preterm infants.

Interventions aiming at increasing early intake of unpasteurized MOM for

extremely preterm infants should be encouraged.

Key Words: bronchopulmonary dysplasia, donor milk, human milk,

pasteurization, retinopathy of prematurity
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What Is Known

� A predominant intake of mother’s own milk, as
opposed to pasteurized donor milk, is associated with
improved postnatal growth in preterm infants.

� Some studies suggest that in preterm infants, a pre-
dominant intake of mother’s own milk compared
with a predominant intake of pasteurized donor milk
may prevent neonatal morbidities, such as infections,
retinopathy of prematurity, and bronchopulmonary
dysplasia.
What Is New

� The first study performed in a large national popula-
tion-based cohort of extremely preterm infants
where the effects of unpasteurized mother’s own
milk and pasteurized donor milk on postnatal growth
and morbidities has been evaluated.
he advancement of medical, nursing, and nutritional care of
T extremely preterm infants continues to improve the survival
of these vulnerable infants (1–3). The incidence of neonatal
morbidities, however, remains high (2–4). Despite improved nutri-
tional regimes, postnatal growth restriction is still often observed
among extremely preterm infants (5). Inadequate growth in the
postnatal period has been associated with incidence and severity of
neonatal morbidities, such as retinopathy of prematurity (ROP),
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bronchopulmonary dysplasia (BPD), and poor neurodevelopmental
outcomes (6–8).

Postnatal growth is a complex and multifaceted process
influenced by factors, such as degree of immaturity, ability to
assimilate nutrients, the nutritional composition of feeds, and
presence of neonatal morbidities. In spite of the improvement
of parenteral nutrition (PN) solutions and infant formulas, it
remains clear that human milk is the optimal nutrition for the
preterm infant provided that it is fortified to meet nutritional
requirements.

Unpasteurized mother’s own milk (MOM) is recommended
as the primary choice and pasteurized donor milk (DM) as the
secondary alternative (9,10). Benefits observed with MOM, over
DM, in the preterm infant population may be because of the fact that
the macronutrient content of unfortified DM usually is lower than
that of unfortified MOM, partly as most DM originates from
mothers delivering term infants and the milk is usually expressed
at a later stage of lactation (11,12). Furthermore, lipase is inacti-
vated as a result of the pasteurization process of human milk
and this has been shown to reduce the lipid absorption in preterm
infants (13).

In the last decade, there has been an increase in studies
reporting beneficial outcomes of postnatal growth and incidence of
neonatal morbidities, for preterm infants receiving a greater pro-
portion of MOM compared with DM (14–20). To further evaluate
the effects of MOM and DM in relation to postnatal outcomes in a
large cohort of exclusively extremely preterm infants, we studied a
Swedish national population-based cohort of infants born before 27
completed weeks of gestation. We hypothesized that infants who
had a greater intake of unpasteurized MOM compared with pas-
teurized DM would have a more beneficial growth and a lesser
incidence of neonatal morbidities based on the rationale that the
pasteurization process affects the biological properties, such as
immunoglobulins, enzymes, and growth hormones, of human milk
negatively (21,22).

METHOD

Study Population
This study constitutes a sub-cohort of the prospective

national population-based Extremely Preterm Infants in Sweden
Study (EXPRESS), which included all infants born before 27
completed weeks of gestation between 2004 and 2007 in Sweden
(23). For a total of 602 infants who survived the first 24 hours of
life, nutritional data was retrospectively retrieved from hospital
records (24). In this sub-cohort, all infants surviving to at least
32 weeks postmenstrual age (PMA) (n¼ 515) and that had nutri-
tional data available until at least 32 weeks PMA as well as data for
the primary outcome, that is, any growth measurement at 32 weeks
PMA, were included (n¼ 509). Infants with chromosomal anom-
alies or major malformations were excluded because of expected
interference with growth (n¼ 35). Those were heart malformations
(n¼ 29), intestinal malformations (n¼ 1), limb reduction malfor-
mations (n¼ 2), multiple malformations (n¼ 2), and chromosomal
anomalies (n¼ 1). Infants who received any formula between birth
and 32 weeks PMA were also excluded (n¼ 21). For the head
circumference (HC) outcome, infants with hydrocephalus were
excluded from the analyses. The final study cohort consisted of
453 infants.

Ethics

Acquisition of data from the neonatal period was approved
by the Regional Ethical Review Board, Lund University, Lund,
www.jpgn.org
Sweden (Dnr 42/2004 and Dnr 138–2008) to be performed without
informed parental consent.

Data Collection

Prenatal-, neonatal- and postnatal data, including morbidity,
mortality, and growth measurements of weight, length, and HC,
were prospectively collected for the first 180 days of hospitalization
or until discharge or death (23,25). In the current sub-cohort,
detailed data of received PN and enteral nutrition was collected
daily for the first 28 postnatal days, and thereafter once weekly on
standardized days, that is, postnatal days 35, 42, 49, and so forth
until discharge, death or when data was rendered unobtainable (24).
A comprehensive description of the nutritional regimes is presented
in Supplemental Digital Content 1, http://links.lww.com/MPG/
C585. Macronutrient intakes from parenteral sources and enteral
human milk fortifiers were calculated based on the data provided by
the manufacturers. The details regarding how macronutrient intakes
from human milk sources were calculated are described in Supple-
mental Digital Content 1, http://links.lww.com/MPG/C585. Five out
of 7 health care regions routinely analyzed the energy and macro-
nutrient content of both MOM and DM by mid-infrared spectro-
photometry, and these analyses guided the fortification practices
(26). Human milk fortifiers were gradually introduced as full enteral
volumes were reached (24,26). In this cohort, the precise amount of
human milk fortifiers prescribed to MOM and DM, respectively are
not known. Nor is it known how fortification practices were altered
in cases of faltering growth or other clinical conditions. Usage of
any product of human milk fortifiers (here defined as fortifiers
including both energy and protein) was summarized as the propor-
tion of days (%) with any human milk fortifier from birth through
32 weeks PMA. All retrieved data was registered in the computer-
aided nutrition calculation program Nutrium (Nutrium AB, Umeå,
Sweden). Potential nutrients from blood products were not included
in the current analyses.

Growth Measurements, Clinical Variables, and
Definition of Morbidities

Weight, length, and HC measurements were converted to
z-scores for the gestational age (GA) and sex-specific Fenton
preterm infant growth reference (27). Small-for-gestational age
at birth was defined as a birth weight corresponding to less than
the 10th percentile on the Fenton preterm growth chart. Clinical
variables (presented in Table 1) and definitions of morbidities are
described in Supplemental Digital Content 2, http://links.lww.com/
MPG/C586.

Exposure Variables

In Sweden, extremely preterm infants are offered pasteurized
DM as a complement to MOM until at least 32 weeks PMA after
which DM is replaced by preterm formula. Our objective was to
study differences in outcome based on respective intakes of MOM
and DM, hence the exposure period was defined as beginning at
birth and ending at 32 weeks PMA. Intake of MOM and DM
(mL � kg�1 � day�1) together with the proportion of MOM of total
breast milk (MOM%), constituted the exposure variables. Due to
the breast milk data being recorded with different time intervals, the
mean area under the curve (AUC) was calculated as a proxy for the
mean intake of MOM and DM from birth until 32 weeks PMA for
each infant. For interpretation of univariable and multivariable
models, these variables were rescaled into increments of
10 mL � kg�1 � day�1 or 10% by dividing the mean AUC by 10.
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TABLE 1. Prenatal and neonatal characteristics and postnatal outcomes in the study cohort (n¼453)

All infants, n¼ 453 MOM <20%, n¼ 50 MOM 20% to 80%, n¼ 100 MOM >80%, n¼ 303

Prenatal characteristics

Preeclampsia 56/430 (13.0%) 6/46 (13.0%) 13/94 (13.8%) 37/290 (12.8%)

Any antenatal steroids 405/434 (93.3%) 47/49 (95.9%) 87/94 (92.6%) 271/291 (93.1%)

Vaginal delivery 191/450 (42.4%) 22/50 (44.0%) 38/100 (38.0%) 131/300 (43.7%)

Neonatal characteristics

Sex (female) 204/453 (45.0%) 23/50 (46.0%) 43/100 (43.0%) 138/303 (45.5%)

Gestational age, weeks 25.4 (1.1)

25.6 (22.1; 26.9)

25.2 (1.1)

25.5 (23.3; 26.9)

25.4 (1.1)

25.6 (23.3; 26.9)

25.4 (1.1)

25.6 (22.1; 26.9)

Birth weight, g 775 (167)

770 (348; 1315)

751 (143)

718 (504; 970)

759 (169)

758 (428; 1180)

785 (170)

775 (348; 1315)

Birth weight z-score 0.1 (0.9)

0.2 (�2.9; 2.3)

þ0.0 (0.8)

0.1 (�2.1; 1.7)

�0.0 (1.0)

þ0.0 (�2.7; 2.0)

0.1 (0.9)

0.2 (�2.9; 2.3)

Birth length z-score 0.1 (0.9)

0.2 (�3.9; 2.4)

(n¼ 359)

þ0.0 (0.9)

�0.1 (�2.3; 2.0)

(n¼ 41)

�0.1 (1.0)

þ0.0 (�3.9; 2.3)

(n¼ 80)

0.2 (0.9)

0.3 (�3.3; 2.3)

(n¼ 238)

Birth head circumference z-score 0.3 (0.8)

0.3 (�2.5; 2.3)

(n¼ 382)

0.2 (0.8)

0.2 (�1.6; 2.0)

(n¼ 42)

0.1 (0.8)

0.1 (�2.1; 1.9)

(n¼ 79)

0.4 (0.8)

0.5 (�2.5; 2.3)

(n¼ 248)

Small-for-gestational age at birth 39/453 (8.6%) 2/50 (4.0%) 11/100 (11.0%) 26/303 (8.6%)

Postnatal outcomes

Total days of mechanical ventilation

postnatal weeks 1 to 10

14 (15)

9 (0; 70)

16 (17)

10 (0; 64)

14 (16)

8 (0; 70)

14 (14)

9 (0; 70)

Total days of steroid treatment

postnatal weeks 1 to 10

4 (8)

0 (0; 53)

5 (10)

0 (0; 47)

5 (9)

0 (0; 37)

3 (8)

0 (0; 53)

Retinopathy of prematurity 329/449 (73.3%) 40/50 (80.0%) 69/100 (69.0%) 220/299 (73.6%)

Severe retinopathy of prematurity 161/449 (35.9%) 22/50 (44.0%) 38/100 (38.0%) 101/299 (33.8%)

Treatment retinopathy of prematurity 90/449 (20.0%) 12/50 (24.0%) 19/100 (19.0%) 59/299 (19.7%)

Bronchopulmonary dysplasia 349/440 (79.3%) 42/49 (85.7%) 70/95 (73.7%) 237/296 (80.1%)

Severe Bronchopulmonary dysplasia 126/440 (28.6%) 14/49 (28.6%) 29/95 (30.5%) 83/296 (28.0%)

Dweight 32 weeks �1.2 (0.7)

�1.2 (�3.1; 0.6)

�1.3 (0.6)

�1.3 (�2.5; �0.0)

�1.2 (0.7)

�1.2 (�3.1; 0.6)

�1.1 (0.7)

�1.2 (�2.9; 0.6)

Dlength 32 weeks �1.5 (0.7)

�1.5 (�3.7; 1.1)

(n¼ 275)

�1.7 (0.6)

�1.4 (�3.2; �0.9)

(n¼ 28)

�1.4 (0.8)

�1.3 (�3.7; 0.3)

(n¼ 50)

�1.5 (0.7)

�1.5 (�3.7; 1.1)

(n¼ 197)

Dhead circumference 32 weeks �1.5 (0.9)

�1.4 (�3.6; 0.6)

(n¼ 303)

�1.4 (0.9)

�1.6 (�2.9; 0.3)

(n¼ 28)

�1.4 (0.9)

�1.4 (�3.2; 0.5)

(n¼ 59)

�1.5 (0.9)

�1.4 (�3.6; 0.6)

(n¼ 216)

Continuous variables are presented as mean (SD) and median (Min; Max). Categorical variables are presented as number of infants (%). D ¼ change in
anthropometry z score from birth until 32 weeks postmenstrual age.
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Outcome Variables

The primary outcome variables were change in z-score
(denoted as delta, D) from birth to 32 weeks PMA for weight,
length, and HC. The secondary outcome variables were any and
severe ROP, ROP treatment, and any and severe BPD. We chose to
focus on these morbidity outcomes as they are diagnosed after the
exposure period (ie, after 32 weeks PMA) as opposed to other
neonatal morbidities, such as sepsis and necrotizing enterocolitis,
which often occur before 32 weeks PMA.
Statistical Analyses

The data was analyzed in IBM SPSS Statistics for Windows,
version 26.0 (IBM Corp., Armonk, NY) and SAS software version
9.4 (SAS Institute Inc., Cary, NC). Descriptive data are presented by
mean (SD) and median (Min; Max) for continuous variables, and
number and percentage for categorical variables.
294
Associations between exposure and outcome variables were
examined with univariable and multivariable linear mixed models
for continuous outcomes and generalized linear mixed models with
binomial distribution and logit link function for dichotomous out-
comes. The assumptions of normal distribution and homogeneity of
residual variance in linear mixed models were examined through
diagnostic plots and found fulfilled.

The following confounders were identified for both growth
and morbidity outcomes: GA at birth, respective birth anthropom-
etry z-score (for all growth outcomes) and birth weight z-score (for
all morbidity outcomes), days with mechanical ventilation, days
with postnatal steroid treatment, proportion of the volume of PN of
the total volume of nutritional intake from birth through 32 weeks
PMA (hereafter referred to as PN%) and health care region. Health
care region was analyzed as a random effect. The proportion of days
with any human milk fortifier was identified as a mediator, and
therefore not adjusted for in the models.

Statistically significant associations in univariable analyses
were further analyzed in multivariable analyses. Adjustment for
www.jpgn.org
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confounders was performed in 2 different models for each of the
studied outcomes of which the second model was considered to be
the main analysis. The first model included the nonnutritional
confounders GA, birth anthropometry z-score/birth weight z-score,
mechanical ventilation, postnatal steroid treatment, and health care
region. In addition to these, the second model also included the
confounder PN%, which in this cohort represents both an additional
source of nutrition (to MOM and DM) and degree of
neonatal morbidity.

For all analyses, the tests were 2-tailed and an alpha less than
0.05 was considered significant. Missing data was not imputed.
Beta estimates and odds ratios are presented with 95% confidence
intervals (CI).

RESULTS
Prenatal- and neonatal characteristics as well as postnatal

outcomes for infants surviving to at least 32 weeks PMA (n¼ 453)
are presented in Table 1, both for the cohort as a whole and divided
into groups (<20%, 20–80%, and >80%) based on MOM%.
Overall, the mean (SD) change in z-scores from birth until 32 weeks
PMA were �1.2 (0.7) for weight, �1.5 (0.7) for length, and �1.5
(0.9) for HC.

Breast Milk and Nutrition

The average (mean AUC) of energy and macronutrients
originating from enteral, parenteral, and total nutritional intakes,
human milk intakes and PN%, as well as the proportion of days for
which the infants received any human milk fortifier, from birth until
32 weeks PMA are presented in Table 2 (as a whole and divided into
MOM% groups). A total of 87 out of 453 infants (19.2%) never
received any human milk fortifier.

Mother’s Own Milk (mL � kg�1 �day�1) and
Postnatal Growth

The univariable associations between MOM and the growth
outcomes are depicted in Figure 1. There was a positive association
between MOM and Dweight and DHC in the univariable models
(Table 3). This association remained significant in multivariable
models after adjustment for GA, respective birth anthropometry z-
score, mechanical ventilation, postnatal steroid treatment, health
care region, and PN% (multivariable models 1 and 2, Table 3). Each
increase of 10 mL MOM per kg/day of the mean AUC estimated
from birth through 32 weeks PMA would yield an increase of 0.02
(95% CI 0.01–0.03, P< 0.001) z-score units for Dweight and 0.02
(95% CI, þ0.00–0.04, P¼ 0.049) z-score units for DHC from birth
through 32 weeks PMA.

Mother’s Own Milk (mL � kg�1 �day�1) and
Neonatal Morbidities

A negative association was present between MOM and any
ROP, severe ROP as well as ROP treatment in the univariable
models, OR 0.93 (95% CI 0.88–0.97, P¼ 0.001); OR 0.93 (95% CI
0.89–0.96, P¼ < 0.001); and OR 0.96 (95% CI 0.91–1.00,
P¼ 0.049), respectively (Table 3). The association between
MOM and severe ROP remained significant in multivariable mod-
els after adjustment for GA, birth weight z-score, mechanical
ventilation, postnatal steroid treatment, and health care region
(multivariable model 1, Table 3), OR 0.94 (95% CI 0.90–0.99,
P¼ 0.010), but not after inclusion of PN% as a confounder (multi-
variable model 2, Table 3). Figure 2 depicts the respective
www.jpgn.org
longitudinal intakes (mL � kg � day ) of MOM, DM, and PN
according to PMA for infants with and without severe ROP. There
were no univariable associations between MOM and either any
BPD or severe BPD (Table 3).

Proportion of Mother’s Own Milk (%) in Relation
to Postnatal Growth and Neonatal Morbidities

There was a positive association between MOM% and
Dweight in the univariable models, but not for Dlength and DHC
(Table, Supplemental Digital Content 3, http://links.lww.com/MPG/
C587). The association between MOM% and Dweight remained
significant in both multivariable models after adjustment for GA,
birth weight z-score, mechanical ventilation, postnatal steroid
treatment, health care region and PN% (multivariable model 2,
Table, Supplemental Digital Content 3, http://links.lww.com/MPG/
C587). Each increase of 10% MOM of the mean AUC estimated
from birth through 32 weeks PMA would yield an increase of 0.03
(95% CI 0.02–0.04, P< 0.001) z-score units for Dweight from birth
through 32 weeks PMA. There were no univariable associations
between MOM% and any of the ROP or BPD outcomes.

Pasteurized Donor Milk (mL � kg�1 �day�1) in
Relation to Postnatal Growth and Neonatal
Morbidities

No univariable associations were present between DM and
either Dweight, Dlength, DHC, any ROP, severe ROP, ROP treat-
ment, any BPD or severe BPD (Table, Supplemental Digital
Content 4, http://links.lww.com/MPG/C588).

DISCUSSION
In a cohort of extremely preterm infants with detailed

information regarding human milk and nutritional intakes, we
evaluated the relationships between intake of MOM, and pasteur-
ized DM, with postnatal growth and neonatal morbidity. In unad-
justed models, increased intake of MOM (mL � kg�1 � day�1)
improved weight gain and HC growth from birth until 32 weeks
PMA and reduced the probability of any ROP and severe ROP
development as well as treatment of ROP. After adjustment for
predefined confounders, the associations between MOM
(mL � kg�1 � day�1) and postnatal weight gain and HC growth
remained significant. Similarly, the association between the pro-
portional intake of MOM (MOM%) and postnatal weight gain
remained significant in adjusted models. These results are in line
with some previous studies that have shown beneficial growth
outcomes for preterm infants fed predominantly MOM compared
with DM (14–17).

We did not find any associations between DM
(mL � kg�1 � day�1) and postnatal growth or neonatal morbidities.
Notably, the infants in our cohort received significantly less DM
than MOM and this may have affected the statistical power to
determine relationships between DM and the outcomes.

Infants receiving predominantly pasteurized DM (ie, <20%
MOM) from birth through 32 weeks PMA had a greater proportion
of days with any human milk fortifier, a higher total intake of human
milk as well as a slightly higher total energy intake than infants
receiving predominantly MOM (ie,>80% MOM). The total protein
intake was similar between the groups. This implies that other
factors present in human milk, and not only the nutritional intake
per se, may be of importance for infant growth.

Moreover, infants receiving predominantly pasteurized DM
presented with a greater incidence of severe ROP (crude figures:
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TABLE 2. Intake of human milk and nutrition from birth until 32 weeks postmenstrual age in the study cohort (n¼453)

All infants, n¼ 453 MOM <20%, n¼ 50 MOM 20% to 80%, n¼ 100 MOM >80%, n¼ 303

Human milk and human milk fortifiers

Total human milk (mL � kg�1 � day�1) 123 (33)

130 (6; 208)

138 (25)

141 (26; 208)

125 (32)

130 (8; 171)

120 (34)

127 (6; 178)

Mother’s own milk (mL � kg�1 � day�1) 94 (49)

109 (0; 174)

5 (8)

0 (0; 33)

68 (36)

63 (4; 151)

117 (34)

124 (5; 174)

Proportion of mother’s own milk of

total human milk (%)

74.6 (30.6)

90.3 (0.0; 100.0)

4.5 (6.3)

0.0 (0.0; 19.3)

54.7 (17.2)

56.6 (21.0; 80.0)

92.8 (4.8)

93.5 (80.2; 100.0)

Donor milk (mL � kg�1 � day�1) 29 (46)

4 (0; 208)

133 (26)

134 (26; 208)

57 (31)

53 (2; 121)

3 (5)

2 (0; 32)

Proportion of days with any human milk

fortifier (%)

40.2 (27.6)

45.9 (0.0; 89.7)

51.6 (22.4)

53.0 (0.0; 87.3)

40.7 (28.8)

46.4 (0.0; 88.5)

38.1 (27.6)

41.4 (0.0; 89.7)

Never received any human milk fortifier 87/453 (19.2%) 3/50 (6.0%) 22/100 (22.0%) 62/303 (20.5%)

Fluids

Total fluid (mL � kg�1 � day�1) 164 (15)

164 (119; 223)

168 (15)

167 (133; 217)

167 (17)

168 (119; 215)

163 (15)

163 (127; 223)

Enteral fluids (mL � kg�1 � day�1) 125 (35)

132 (4; 212)

139 (26)

143 (26; 212)

127 (34)

133 (5; 176)

122 (36)

130 (4; 180)

Parenteral fluids (mL � kg�1 � day�1) 40 (29)

32 (1; 168)

28 (19)

25 (2; 107)

40 (28)

33 (2; 133)

41 (31)

34 (1; 168)

Proportion of parenteral fluids of total

fluids (PN%)

27.2 (18.6)

23.4 (1.8; 97.7)

19.8 (12.8)

18.4 (2.3; 80.6)

27.2 (18.1)

24.3 (2.8; 96.4)

28.4 (19.4)

23.9 (1.8; 97.7)

Energy

Total energy (kcal � kg�1 � day�1) 113 (14)

114 (59; 153)

117 (12)

115 (88; 153)

114 (14)

115 (59; 139)

112 (14)

113 (66; 147)

Enteral energy (kcal � kg�1 � day�1) 94 (27)

101 (2; 151)

104 (21)

105 (17; 151)

95 (27)

100 (3; 134)

93 (28)

99 (2; 142)

Parenteral energy (kcal � kg�1 � day�1) 19 (16)

14 (0; 85)

13 (11)

9 (0; 72)

19 (15)

15 (1; 85)

20 (16)

15 (1; 83)

Protein

Total protein (g � kg�1 � day�1) 2.9 (0.4)

2.9 (1.8; 4.3)

2.8 (0.4)

2.8 (2.1; 3.8)

2.9 (0.4)

2.9 (2.1; 4.1)

2.9 (0.4)

2.9 (1.8; 4.3)

Enteral protein (g � kg�1 � day�1) 2.3 (0.7)

2.4 (0.0; 4.2)

2.5 (0.6)

2.5 (0.3; 3.8)

2.4 (0.7)

2.4 (0.1; 3.9)

2.3 (0.8)

2.4 (0; 4.2)

Parenteral protein (g � kg�1 � day�1) 0.6 (0.5)

0.4 (0.0; 3.1)

0.4 (0.4)

0.3 (0.0; 2.5)

0.6 (0.5)

0.4 (0.0; 3.0)

0.6 (0.6)

0.4 (0.0; 3.1)

Carbohydrates

Total carbohydrates (g � kg�1 � day�1) 11.8 (1.1)

11.7 (7.7; 16.5)

12.0 (1.1)

11.8 (10.1; 15.8)

12.0 (1.1)

11.9 (7.7; 15.4)

11.7 (1.0)

11.6 (9.3; 16.5)

Enteral carbohydrates (g � kg�1 � day�1) 8.8 (2.5)

9.4 (0.2; 15.3)

10.0 (1.9)

10.1 (1.8; 15.3)

9.0 (2.5)

9.5 (0.3; 13.0)

8.6 (2.6)

9.1 (0.2; 13.3)

Parenteral carbohydrates (g � kg�1 � day�1) 3.0 (2.4)

2.4 (0.0; 14.1)

2.0 (1.6)

1.7 (0.0; 9.5)

3.0 (2.3)

2.4 (0.1; 11.2)

3.1 (2.6)

2.5 (0.1; 14.1)

Lipids

Total lipids (g � kg�1 � day�1) 5.8 (1.2)

5.9 (0.9; 8.6)

6.1 (1.0)

6.0 (3.6; 8.4)

5.8 (1.3)

6.0 (2.2; 8.1)

5.7 (1.2)

5.8 (0.9; 8.6)

Enteral lipids (g � kg�1 � day�1) 5.3 (1.6)

5.5 (0.1; 8.5)

5.8 (1.3)

5.7 (0.9; 8.4)

5.3 (1.6)

5.6 (0.1; 8.0)

5.2 (1.6)

5.5 (0.1; 8.5)

Parenteral lipids (g � kg�1 � day�1) 0.5 (0.5)

0.3 (0.0; 3.3)

0.3 (0.4)

0.2 (0.0; 2.8)

0.5 (0.5)

0.3 (0.0; 3.3)

0.5 (0.5)

0.3 (0.0; 2.6)

Continuous variables are presented as mean (SD) and median (Min; Max). Categorical variables are presented as number of infants (%).

Lund et al JPGN � Volume 74, Number 2, February 2022
34% for infants receiving predominantly MOM and 44% for infants
receiving predominantly DM). In a more contemporary cohort, we
have previously shown that those infants with no ROP had a higher
intake of MOM (mL � kg�1 � day�1) compared with infants with any
ROP (20). Dani et al (28) recently presented that increasing MOM
intake reduced the risk of ROP development in an Italian cohort of
very preterm infants. In our cohort, however, the proportional intake
of PN seemed to attenuate the relationship observed between MOM
296
and severe ROP. Other studies have reported a lower incidence of
ROP among preterm infants fed predominantly MOM compared
with DM (18,19). Schanler et al (19) found that 5.6% of infants in
the MOM group had ROP stage 3 compared with 19% in the DM
group. Hence, the actual amount of MOM received seems to be of
importance for ROP development.

We found no significant associations between MOM and
BPD, which is in line with some other studies (15,16,19). The lack
www.jpgn.org



FIGURE 1. Univariable associations between mother’s own milk and Dweight (A, n¼453), Dlength (B, n¼275) and Dhead circumference (HC, C,
n¼303).

JPGN � Volume 74, Number 2, February 2022 Mother’s Own Milk and its Relationship to Growth and Morbidity
of an association may be because of the fact that 79% of the infants
in our cohort had BPD, which makes it more difficult to discrimi-
nate a potential protective effect of MOM on BPD. Others have
www.jpgn.org
reported less severe BPD in the MOM group compared with the DM
group (29) and a large population-based French study found a
reduced risk of BPD for preterm infants fed unpasteurized
297
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FIGURE 2. Longitudinal intakes (mL/kg/d) of mother’s own milk, pasteurized donor milk, and parenteral nutrition according to postmenstrual age

(weeks), in infants with (n¼161) and without (n¼288) severe retinopathy of prematurity are depicted by the filled lines. The calculations of the

mean area under the curve (AUC) with 95% confidence intervals for MOM, DM, and PN intakes from birth through 32 weeks postmenstrual age

are depicted by the dashed lines. DM ¼ donor milk; MOM ¼ mother’s own milk; PN ¼ parenteral nutrition.
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compared with pasteurized MOM (30). Moreover, some literature
reviews indicate that both partial and exclusive human milk feed-
ings, that is, exclusive MOM or MOM supplemented with DM, as
compared with formula feeding reduce the risk of BPD (31–33).

Strengths of our study include the large population-based
sample, the detailed nutritional and growth data albeit its retro-
spective collection and that PN has been considered in the multi-
variable models. Limitations include differences in nutritional care
between health care regions (although we adjusted for this in the
multivariable models), the inability to determine potential differ-
ences in the actual amount of fortification used in MOM and DM,
which is an important factor to consider when evaluating postnatal
growth, the relatively old age of the data (infants born 2004–2007),
and finally the observational design, which renders potential resid-
ual confounding in spite of our best efforts to identify and adjust
for confounders.

The effect of the association observed between MOM and
improved weight gain and HC growth in this cohort, although
significant after adjustment for all identified confounders, was
relatively small as indicated by the beta value, and thus the clinical
significance of this finding could be questioned. It is, however,
important to keep in mind that postnatal growth is a multifactorial
phenomenon influenced by several factors, some of which are
probably still unknown. Elucidating the respective effects of
MOM compared with DM on postnatal growth would require a
randomized clinical trial, which for ethical reasons is impossible.

CONCLUSIONS
We found that MOM, as compared with DM, was associated

with improved postnatal weight gain and HC growth in this national
population-based cohort of extremely preterm infants. In regards to
morbidity, we found associations between MOM and ROP,
although not independent of other factors. No corresponding asso-
ciations were observed for BPD. Notably, during the time of data
collection, the nutritional care of extremely preterm infants in
Sweden differed from the nutritional care received by infants born
today. Thus, it seems relevant to further investigate the impact of
MOM on both short- and long-term outcomes in a more
www.jpgn.org
contemporary large cohort of extremely preterm infants with
equally detailed nutritional data. It is essential for neonatal health
care professionals to include interventions that aim to increase the
early intake of unpasteurized MOM in the care of extremely
preterm infants.
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26. Stoltz Sjöström E, Ohlund I, Tornevi A, et al. Intake and macronutrient
content of human milk given to extremely preterm infants. J Hum Lact
2014;30:442–9.

27. Fenton TR, Kim JH. A systematic review and meta-analysis to revise
the Fenton growth chart for preterm infants. BMC Pediatr 2013;
13:59.

28. Dani C, Coviello C, Panin F, et al. Incidence and risk factors of
retinopathy of prematurity in an Italian cohort of preterm infants. Ital
J Pediatr 2021;47:64.

29. Ford SL, Lohmann P, Preidis GA, et al. Improved feeding tolerance and
growth are linked to increased gut microbial community diversity in
very-low-birth-weight infants fed mother’s own milk compared with
donor breast milk. Am J Clin Nutr 2019;109:1088–97.

30. Dicky O, Ehlinger V, Montjaux N, et al., EPIPAGE 2 Nutrition Study
Group, EPINUTRI Study Group. Policy of feeding very preterm infants
with their mother’s own fresh expressed milk was associated with a
reduced risk of bronchopulmonary dysplasia. Acta Paediatr 2017;106:
755–62.

31. Villamor-Martı́nez E, Pierro M, Cavallaro G, et al. Donor human milk
protects against bronchopulmonary dysplasia: a systematic review and
meta-analysis. Nutrients 2018;10:238.

32. Huang J, Zhang L, Tang J, et al. Human milk as a protective factor for
bronchopulmonary dysplasia: a systematic review and meta-analysis.
Arch Dis Child Fetal Neonatal Ed 2019;104:F128–36.

33. Villamor-Martı́nez E, Pierro M, Cavallaro G, et al. Mother’s own milk
and bronchopulmonary dysplasia: a systematic review and meta-ana-
lysis. Front Pediatr 2019;7:224.
www.jpgn.org


	Mother&apos;s Own Milk and Its Relationship to Growth and Morbidity in a Population-based Cohort of Extremely Preterm™Infants
	METHOD
	Study Population
	Ethics
	Data Collection
	Growth Measurements, Clinical Variables, and Definition of Morbidities
	Exposure Variables
	Outcome Variables
	Statistical Analyses

	RESULTS
	Breast Milk and Nutrition
	Mother&apos;s Own Milk (mL&middot;kg-1&middot;day-1) and Postnatal Growth
	Mother&apos;s Own Milk (mL&middot;kg-1&middot;day-1) and Neonatal Morbidities
	Proportion of Mother&apos;s Own Milk (%) in Relation to Postnatal Growth and Neonatal Morbidities
	Pasteurized Donor Milk (mL&middot;kg-1&middot;day-1) in Relation to Postnatal Growth and Neonatal Morbidities


	DISCUSSION
	CONCLUSIONS
	Acknowledgments


