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Abstract: Moderately preterm infants (32-36 weeks of gestational age) have an increased risk of
worse health and developmental outcomes compared to infants born at term. Optimal nutrition
may alter this risk. The aim of this study was to investigate the neurological, growth, and health
outcomes up to six years of age in children born moderately preterm who receive either exclusive
or fortified breast milk and/or formula in the neonatal unit. In this longitudinal cohort study, data
were collected for 142 children. Data were collected up to six years of age via several questionnaires
containing questions about demographics, growth, child health status, health care visits, and the Five
to Fifteen Questionnaire. Data on the intake of breast milk, human milk fortification, formula, and
growth during hospitalization were collected from the children’s medical records. No statistically
significant differences in neurological outcomes, growth, or health at six years of age were found
between the two groups (exclusive breast milk, n = 43 vs. fortified breast milk and/or formula,
n =99). There is a need for research in larger populations to further assess potential effects on health
and developmental outcomes when comparing the use of exclusive versus fortified breast milk for
moderately preterm infants during neonatal hospitalization.

Keywords: development; exclusive breast milk; growth; health; human milk fortification; moderately

preterm infant

1. Introduction

Moderately preterm infants (32-36 weeks of gestational age) are a vulnerable group
for which research has shown worse neurological development and an increased risk of
the development of metabolic health problems later in life compared to infants born at
term [1,2]. From a clinical and research perspective, this group is disregarded even though
it is the largest group of preterm infants. Although moderately preterm infants have a
lower incidence of morbidity than very preterm infants, the larger population will lead to a
greater number of children with health-related problems.

Nutrition is an important factor in facilitating child growth, health, and development.
Breast milk is the recommended source of nutrition for preterm infants [2]. Breast milk has
been shown to decrease the risk of numerous infections, diseases and mortality compared to
infant formula. Breast milk facilitates the immune system and neurological and metabolic
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development in children [3,4]. Furthermore, breastfed infants also have improved cognitive
development and an increased IQ compared to formula-fed infants [1,3-5]. There is a
dose-response effect with more benefits from exclusive breastfeeding and breastfeeding
over a longer duration [6-9].

Pediatric societies recommend that preterm infants should experience intrauterine-
like growth postnatally [10]. However, there is an ongoing discussion as to whether this
is a reasonable recommendation [10,11]. Growth charts for preterm infants are based
on cross-sectional birth weight data, which do not reflect normal postnatal growth for
preterm infants. An earlier study revealed that healthy preterm infants showed an average
weight z score of —0.8 after postnatal weight loss [11]. Compared to infants born at term,
preterm infants have an increased risk of developing energy, protein, mineral, vitamin, and
trace element deficiencies during hospitalization, which may lead to suboptimal postnatal
growth [12,13]. Suboptimal postnatal growth is associated with delayed neurological and
cognitive development [14,15]. Sometimes, exclusive breast milk does not fulfill the rec-
ommended nutrition intake. One often used strategy is to fortify breast milk with extra
nutrients in an attempt to facilitate infant development and growth. Potential risks with for-
tification are increased density, osmolality, and oxidative stress, which may result in feeding
difficulties and increased risk of sepsis, inflammation, and worse neurological outcomes in
preterm infants [16-18]. Furthermore, accelerated growth during early life may be associ-
ated with altered body fat distribution, which has been related to metabolic consequences
such as an increased risk of insulin resistance and high blood pressure [19-21].

Currently, there is no evidence available about the effect of human milk fortification
on moderately preterm infants. However, several studies have shown that infants receiving
breast milk during hospitalization and at discharge have a better neurological outcome at
two and five years of age compared to infants receiving formula [22-24], despite a lower
weight gain during hospitalization [25]. The lack of scientific evidence on human milk
fortification may lead to both over- and undernutrition and thereby a risk of unhealthy
development later in life. The aim of this study was to investigate the neurological, growth,
and health outcomes up to six years of age in children born moderately preterm who
receive exclusively breast milk in the neonatal unit compared to children who receive
fortified breast milk and/or formula.

2. Materials and Methods
2.1. Setting

Participants were recruited from six neonatal units geographically spread across
Sweden. All neonatal units started infant enteral feeding as soon as possible after birth,
often within the first few hours. The aim was a fluid volume of 150-180 mL/day after
approximately five days, in some cases up to 200 mL/day. During the study period
of 2013-2015, three participating neonatal units did not routinely fortify breast milk for
moderately preterm infants. The remaining three neonatal units routinely fortified breast
milk, either for infants born at gestational week 32 or for all infants born before gestational
week 35 (Table 1 and Figure 1). These units performed nutritional analyses on each mother’s
breast milk and on all donor milk and used the calculating program Nutrium [26] to provide
targeted fortification for all infants. All neonatal units had their own breast milk bank or
access to a central breast milk bank. Depending on access to donor breast milk or traditions
in the unit, the infants born near term received preterm formula or formula instead of
donor milk during the first days or when their own mother’s milk was lacking.
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Table 1. The number and percentage of participating children from each neonatal unit and in the

respective feeding groups.

Breast Milk Fort.l fied Breast Routine
Total (n =43) Milk and/or Fortification
Formula (n =99)

n (%) n (%) n (%)
Neonatal unit 1 35 (25) 10 (29) 25 (71) Yes
Neonatal unit 2 20 (14) 0 20 (100) Yes
Neonatal unit 3 26 (18) 11 (42) 15 (58) No
Neonatal unit 4 31 (22) 14 (45) 17 (55) No
Neonatal unit 5 19 (13) 4(21) 15 (79) Yes
Neonatal unit 6 11 (8) 4 (36) 7 (64) No

Follow-up and data collection

Eligible children

n=180
v

Total participants
n=142

A 4

Declined participation
n=38

neonatal hospitalization

Data from the children’s medical records from

No routine fortification

Routine fortification

Questionnaires from the RCT follow-up

8 weeks after discharge

6 months after birth

1 year of age

Questionnaire at 6 years of age

Figure 1. Follow-up and data collection in the study.

2.2. Population

Parents of children born moderately preterm (32-36 weeks of gestational age) were
asked to participate in this study by a letter sent to the families” homes (n = 180) when
their children were six years old, and 142 (78%) consented to participate in the study. The
families had previously participated in a randomized controlled trial (RCT) [27] in which
they had agreed to be contacted for future research projects. The inclusion criterion for the
RCT was that the children received some breast milk at discharge from the neonatal unit.
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2.3. Data Collection

A questionnaire containing questions about child health status, parental weight and
height, child growth, health care visits, and the Five to Fifteen Questionnaire [28] was sent
to the participating parents when their child was six years old. Data about daily intake
of breast milk, human milk fortification, formula, glucose infusions, partial parenteral
nutrition, growth, and first day of free feeding during hospitalization were collected from
the children’s medical records. Demographic data and data about the children’s health,
growth, breastfeeding status, and health care visits after discharge from the neonatal unit
up to one year of age were collected via questionnaires sent to the families during the
original RCT study [27]. For detailed information on data collection and the recruitment of
participants, see Figure 1.

The Five to Fifteen Questionnaire is a validated Nordic questionnaire that targets
developmental and behavioral problems and consists of 152 questions regarding children
aged six years (the learning domain is excluded). The answering options are “does not
apply” (0), “applies sometimes or to some extent” (1), or “definitely applies” (2). For chil-
dren aged six years, the items are arranged into 7 general domains: motor skills, executive
functioning, perception, memory, language, social skills, and emotional /behavioral prob-
lems. The domains can be further divided into 16 subdomains investigating gross and fine
motor skills, attention, hyperactivity, hypoactivity, planning, and perception of space, time,
and body, as well as visual perception, comprehension, expressive language skills, commu-
nication, internalizing and externalizing behaviors, and obsessive-compulsive behavior.
The Five to Fifteen Questionnaire domains and subdomains have been shown to have
acceptable to high internal consistency and good test-retest reliability [28]. A value above
the 90th percentile indicates definite problems. The cut-off originates from a normative
sample consisting of Swedish children aged 6 to 15 years [28].

All weight, length, and head circumference measurements from birth to approximately
5.5 years of age were collected from the children’s medical records and the questionnaires.

All questionnaires included questions about sickness (yes/no) and general health or
wellbeing. The questionnaires also included questions about health care visits in between
the study follow-ups. The questionnaire completed at six years of age also included a
question about gastrointestinal problems (yes/no).

2.4. Statistical Analysis

The participants were divided into two groups based on the feeding protocol during
the hospital stay: the exclusive breast milk group and the fortified breast milk and/or
formula group.

Negative binomial models were used to compare Five to Fifteen Questionnaire domain
and subdomain scores between the two feeding groups. The models are presented with
coefficients, 95% confidence intervals (95% Cls), and p values. In addition, the odds ratios
using binary outcomes of definite developmental problems (no problems vs. problems)
were compared between the two feeding groups using logistic regression models for each
domain. The models are also presented with 95% confidence intervals (95% Cls), and
p values. Adjustments were made for gestational age at birth, child sex, and maternal
educational level (higher education vs. high school and lower) in all regression models.

Growth data were transformed to standard deviation scores (SDSs) for weight, length,
and head circumference using Swedish norm data [29]. The association between the two
feeding groups and child growth was analyzed in linear mixed-effects models. The models
included fixed effects for the children’s age, feeding group, interactions, and parental
anthropometry. Furthermore, the models also included a random intercept for each child
and an autoregressive correlation structure for the repeated measures. Child age was
included with restricted cubic splines to allow a nonlinear association with the outcome
in the weight model. Based on this model, the marginal means, 95% Cls, and p values are
presented per time point and feeding group. The time points were set at 36 and 40 weeks of
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gestational age, 6 months of age, and 1, 1.5, 2.5, 4, and 5.5 years of age. Adjustments were
made for gestational age at birth, child sex and parental anthropometry in all models.

The questions about child sickness and gastrointestinal problems were analyzed
with descriptive statistics. To investigate if there were possible differences between the
two feeding groups, a Chi2 test was performed for the respective question and the p value
is presented. The children’s general health and wellbeing were estimated by their parents
on a Likert scale ranging from 1 (“bad”) to 5 (“excellent”). The data were descriptively
analyzed and presented as the mean and standard deviation (SD). An independent t test
was performed for each follow-up time point to calculate possible differences between
the two feeding groups, and p values are presented. Health care visits were divided into
primary health care visits (i.e., visits to general practitioners/outpatient centers), hospital
admissions and emergency unit visits. The number of visits to each health care level up
to six years of age was analyzed, and the results are presented as numbers, percentages,
means and SDs. Differences were analyzed using an independent t test for each health care
level, and p values are presented. To calculate possible differences between the two feeding
groups in the number of children who had a health care visit, a Chi2 test was performed,
and p values are presented. Data were analyzed with IBM SPSS Statistics for Windows
(version 28.0, IBM Corp., Armonk, NY, USA) and R (R Core Team, 2022. R Foundation for
Statistical Computing, Vienna, Austria).

3. Results

In total, 142 children participated in the study; the demographics of the participants
are presented in Table 2. The distribution of the participating children from the six different
neonatal units can be obtained from Table 1.

Table 2. Demographics of the participating children (n = 142) and their mothers (n = 131) in the total
group and in each feeding group. Presented with numbers and percentages (%), mean and standard
deviation +SD, median and intra quartile range [IQR] and p value.

Breast Milk Fortified Breast Milk
Total and/or Formula p Value
(n =43)

(n=99)
Maternal age at infant birth (years) 31.1+ 4.6 29.8 +45 31.7+45 0.02
Higher education 103 (73) 27 (63) 76 (77) 0.07
Primipara 72 (51) 26 (63) 46 (47) 0.05
Mother born in another country 10 (7) 2 (5) 8 (8) 0.37
Cesarean section 60 (42) 16 (37) 44 (44) 0.27
Gestational age at birth (weeks) 34 2] 34 [1] 34 2] 0.84
Multiple births 11 (8) 0 11 (12) 0.01
Male 74 (52) 19 (44) 55 (56) 0.14
Small for gestational age 8 (6) 2 (5) 6 (6) 0.54
Birth weight (grams) 2445 + 466 2474 + 428 2438 + 483 0.68
Birth length (centimeters) 459 £2.38 46 £2.6 459 +£2.6 0.87
Birth head circumference (centimeters) 323+ 1.6 323+ 14 322+ 17 0.68
Neonatal illness (NEC, ROP, PVL, BPD,

. . 0 0 0

congenital malformation)
Antibiotics 19 (13) 7 (16) 12 (12) 0.34
Hypoglycemia 49 (36) 15 (37) 34 (36) 0.56
Glucose infusion 42 (30) 14 (33) 28 (29) 0.37
Partial parental nutrition 9 (6) 4(9) 5(5) 0.28
Donated breast milk 117 (82) 42 (98) 75 (76) <0.001
Fortification 33(23) 0 33 (33)
Number of days with fortification
Formula 74 (52) 0 74 (75)
Exclusive breast milk 43 (30) 43 (100) 0
First day of free feeding 17 [12.25] 15 [8] 18 [13] 0.03
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Table 2. Cont.

Breast Milk Fortified Breast Milk
Total and/or Formula p Value
(n =43)
(n=99)
Hospital stay (days) 22 [13] 20 [11] 22 [13] 0.09
Exclusive breastfeeding at discharge 127 (89) 42 (98) 85 (86) 0.03
Exclusive breastfeeding 8 weeks after discharge 102 (72) 35 (81) 67 (68) 0.07
Exclusive breastfeeding 6 months after birth 41 (29) 13 (30) 28 (28) 0.57
Breastfeeding at one year of age 18 (13) 3(7) 15 (15) 0.14
3.1. Neurodevelopmental Outcomes
There were no differences between the two feeding groups in the proportion of children
defined as having definite problems or not (Table 3), in the cumulative scores (Table 4) or in
any of the Five to Fifteen Questionnaire domain or subdomain scores.
Table 3. Number and percentage of children with definite problems (>90 percentile) and no problems
in each of the seven domains of the Five to Fifteen Questionnaire and the two feeding groups. Thereto,
a logistic regression model of problems vs. no problems and feeding group in the respective domain.
Odds ratios (ORs), 95% confidence intervals (95% CIs) and p values are presented.
Fortified Breast Milk . .
Total Breast Milk (n = 43) and/or Formula Logistic Regrf ssion
_ Model
(n=99)
No No No o
Problem Problems p .. ~~ Problems 5. Problems OR 95% CI p Value
Motor skills 126 (89) 15(11)  39(91) 4(9) 88 (89) 11(11) 120(0.354.15)  0.77
Executive functioning 135 (95) 7 (5) 40 (93) 3(7) 95 (96) 4(4) 0.64 (0.13-3.23) 0.59
Perception 124 (87) 18(13)  39(93) 4(9) 85 (86) 14 (14) 1.89(0.57-6.34)  0.30
Memory 133 (94) 9 (6) 41 (95) 2 (5) 92 (93) 7(7)  148(0.29-7.64)  0.64
Language 122 (86) 20 (14)  38(88) 5(12) 84 (4) 15(15)  1.66(0.52-5.31)  0.39
Social skills 134 (94) 8 (6) 42 (98) 1) 92 (93) 7(7)  281(0.32-246) 035
Emotional/behavioral
p;g&g;f /behaviora 129 (91) 13 (9) 41 (95) 2(5) 88 (88) 11 (11) 246 (0.48-125)  0.46

* Adjusted for gestational age at birth, child sex and maternal educational level.

Table 4. Negative binominal regression model of the Five to Fifteen Questionnaire cumulative scores
in the respective domain and feeding group. Estimated negative binomial regression coefficients, 95%
confidence intervals (95% Cls) and p values are presented. Adjustments were made for gestational
age at birth, child sex and maternal educational level.

Breast Milk Fortified Breast Milk and/or Formula

(n =43) (n =99)
Coefficients Value
(95% CI) P

Domain

Motor skills 1.25 (0.78-1.98) 0.35
Executive functioning 1.08 (0.71-1.65) 0.71
Perception 1.17 (0.76-1.80) 0.49
Memory ref 1.41 (0.85-2.35) 0.18
Language 1.49 (0.93-2.39) 0.10
Social skills 1.10 (0.69-1.78) 0.69

Emotional/behavioral problems 0.92 (0.59-1.44) 0.72
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Table 4. Cont.

Breast Milk Fortified Breast Milk and/or Formula

(n =43) (n=99)
Coefficients Val
(95% CI) p value
Subdomain
Gross motor skills 1.32 (0.78-2.30) 0.33
Fine motor skills 1.19 (0.73-1.95) 0.48
Attention 1.11 (0.70-1.76) 0.65
Hyperactivity 0.98 (0.63-1.54) 0.93
Hypoactivity 0.79 (0.42-1.49) 0.46
Planning 1.64(0.86-3.02) 0.13
Perception of space 1.12 (0.58-2.13) 0.74
Perception of time ref 1.08 (0.69-1.70) 0.74
Perception of body 1.62 (0.85-3.09) 0.14
Visual body perception 0.89 (0.39-2.05) 0.78
Comprehension 1.33 (0.73-2.43) 0.35
Expressive speech 1.46 (0.86-2.48) 0.17
Communication skills 1.42 (0.70-2.88) 0.33
Internalizing behavior 0.75 (0.44-1.27) 0.28
Externalizing behavior 0.97 (0.59-1.58) 0.89
Obsessive compulsive behavior 1.74 (0.79-3.82) 0.17
3.2. Growth

The children in both feeding groups in this study had weight and height SDSs that were
slightly lower than the Swedish mean SDSs up to six years of age. The head circumference
SDSs were not different from the Swedish mean SDSs in the breast milk group and slightly
above the Swedish mean SDSs in the fortified breast milk and/or formula group (Table S1
and Figure 2). No statistically significant differences were found between the two feeding
groups in weight, height, or head circumference SDSs (Table S1 and Figure 3).

3.3. Health

The children were reported to have varying degrees of sickness during their first six
years of life. No statistically significant differences were observed between the two feeding
groups (Table 5). Regarding gastrointestinal problems, 21 (49%) children in the exclusive
breast milk group and 43 (43%) children in the fortified breast milk and/or formula group
had gastrointestinal problems, and there was no statistically significant difference between
the two feeding groups (p = 0.34, results not shown). No statistically significant differences
were found between the two feeding groups concerning the children’s general health or
wellbeing at any of the follow-up time points (Table 5). The number and percentage of
children who had health care visits at the three different health care levels are presented in
Table 6 together with the mean number of visits at each health care level. No statistically
significant differences were found between the two feeding groups (Table 6).

Table 5. Sickness and general health and wellbeing at 8 weeks after discharge from the neonatal unit
and 6- and 12-months postnatal age and general health at 6 years of age as reported by parents.

Sickness General Health and Wellbeing
g Fortified
Breast F(l’\l;lt.llﬁke d ]flr/east Breast Breast Milk
Total  Milk Fortanla Total Milk and/or
(n=43) (0 = 99) (n =43) Formula
B (n=99)
n (%) p Value Mean + SD p Value
Eight weeks after discharge (n = 129) 51 (40)  15(36) 36 (41) 0.34 43+£0.69 431063 43+£0.73 0.66
Six months after birth (n = 124) 71(57)  21(54) 50 (59) 0.37 45+064 471058 4.5 £ 0.67 0.14
One year of age (n = 83) 70 (84)  22(79) 48 (87) 0.24 46+051 4.8+044 4.6 £0.53 0.08
Six years of age (n = 140) 95(68)  29(67) 66 (68) 0.55 46+068 45+0.70 4.6 £0.67 0.81
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Table 6. The number and percentages of children that had a primary health care visit (in addition to
the usual child health care follow-up program), hospital care visit or an emergency visit up to 6 years
of age, presented in total and for each feeding group. The mean, standard deviation (SD) and a p
value of the number of visits among the children that had a health care visit in total and for each

feeding group.
. _ Fortified Breast Milk and/or
Total Breast Milk (n = 43) Formula (n = 99)
p Value for Value
Number (%) Mean + SD  Number (%) Mean + SD Number (%) Mean + SD Number of p Visit
Visits
Primary health care 101 (72) 4.67 £ 6.51 28 (65) 3.39 £2.19 73 (75) 5.15 +7.49 0.27 0.18
Hospital care visit 51 (36) 237 £224 19 (44) 1.85 4+ 0.80 32 (33) 2.68 +£2.73 0.19 0.13
Emergency visit 88 (62) 2.60 + 2.56 27 (63) 210 + 1.64 61 (62) 2.79 £+ 3.00 0.33 0.55
(A)
— Breast milk, fortification, formula = Breast milk
30
g 20 —
=
2
]
=10
0 0 2 4 6
Age (Years)
(B)
= Breast milk, fortification, formula == Breast milk
125
100
§ 15
B
o 90
T
25
0
0 2 4 6
Age (Years)
(C)
== Breast milk, fortification, formula == Breast milk
_.50
5
o 40
(&}
5
3 30
£
@ 20
5
z10
ik}
I
0

0.0 0.5 1.0 15
Age (Years)

Figure 2. Growth in the two feeding groups from birth up to 6 years of age (A) weight gain (grams);
(B) height (centimeters); (C) head circumference (centimeters) up to 1.5 years of age.
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(A)

— Breast milk, fortification, formula — Breast milk
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o
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Figure 3. SDSs in the two feeding groups from birth up to 6 years of age (A) weight; (B) height;
(C) head circumference up to 1.5 years of age.

4. Discussion

We did not observe any statistically significant differences in neurological, growth, or
health outcomes up to six years of age in children born moderately preterm who received
either exclusive breast milk or fortified breast milk and/or formula during hospitalization
in the neonatal unit.

No significant differences were found in any of the Five to Fifteen Questionnaire
dimensions or subdimensions between the two feeding groups regarding the proportion of
children who had problems or not or in the difference in total scores. It is uncertain how
much impact a short period of exposure (a few days to three weeks) had on the outcomes.
It seems probable that human milk fortification was not superior to breast milk alone for
these children. Likewise, many of the children who received formula in addition to breast
milk only received formula for a few days. Thus, their exposure period was also short.
However, regarding children who were partially breastfed at discharge, the results from
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the original RCT showed that these children had an increased risk of ceasing breastfeeding
earlier than children who were exclusively breastfed at discharge [30]. This should be
considered when choosing supplementary feeding for infants in the neonatal unit.

Human milk fortification did not increase growth in this study. This finding differed
from those of a Cochrane review showing that human milk fortification for preterm in-
fants led to a small increase in weight gain, length, and head circumference. However,
the follow-up periods were short, and most included studies investigated very preterm
infants [31]. Our results showed that children in both groups weighed slightly below the
Swedish mean SDSs up to the age of six years. An earlier study [11] revealed that preterm
infants showed an average weight z score of —0.8 after postnatal weight loss and that it is
common and expected for some healthy preterm infants to have a weight z score below 0
at hospital discharge, which the children in our study also showed. The children’s length
was approximately half an SDS below the Swedish mean SDS, and the head circumference
was almost similar to the Swedish mean, which indicated good growth in both feeding
groups. The children in the study had quite a rapid start of enteral feeding. In addition, the
volumes increased fast, and the target volumes were high, which may have contributed to
our result on child growth.

Our study did not reveal any differences between the two feeding groups in sickness,
gastrointestinal problems, general health and wellbeing or health care visits. The infants
included in this study were quite healthy during hospitalization and appeared to continue
to be healthy, at least at the group level.

Limitations

A major limitation in this study was the observational design, which limited the
interpretation of causality between exposures and outcomes. In addition, the sample size
was relatively small. The children in the study were quite healthy, had no neonatal illnesses
or major malformations, and had highly educated mothers, which should be considered
when interpreting the results. The Five to Fifteen Questionnaire was developed to identify
children with developmental and behavioral problems and may not be the best scale for
measuring neurological outcomes. However, due to practical reasons of feasibility, the scale
had to be parent-reported, have a Swedish translation, and be intended for children at six
years of age. Thus, the Five to Fifteen Questionnaire suited our needs. Furthermore, we
chose to use Swedish norm growth data, despite the reported disadvantages in plotting
errors and the exclusion of many infants [32]. The advantages of using the same growth
norm on the follow-up occasions outweighed the disadvantages. However, the results
need to be interpreted with this in mind. In this study, data were lacking on the children’s
metabolic health, which is also important to investigate because earlier studies have shown
metabolic consequences for children receiving high amounts of protein early in life [33].

5. Conclusions

The use of fortified breast milk and/or formula during hospitalization in the neonatal
unit had no statistically significant association with moderately preterm-born children’s
neurological, growth, or health outcomes up to six years of age compared to the use of
exclusive breast milk. More research is needed in larger populations of moderately preterm
infants to assess the potential effects, i.e., the benefits versus risks, of providing exclusive
breast milk versus fortified breast milk during neonatal hospitalization.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/nu15102318/s1, Table S1: Estimated marginal means (EMMs) com-
pared to Swedish norm data, 95% confidence intervals (95% Cls) and p values in the respective
feeding group and between the two feeding groups using linear mixed-effect models over SDSs
and child weight, height, and head circumference. Adjustments were made for gestational age at
birth, child sex, and maternal and paternal weight in the weight model. Adjustments were made
for gestational age at birth, child sex, and maternal and paternal height in the height model and
gestational age at birth and child sex in the head circumference model.


https://www.mdpi.com/article/10.3390/nu15102318/s1
https://www.mdpi.com/article/10.3390/nu15102318/s1

Nutrients 2023, 15, 2318 11 of 12

Author Contributions: Conceptualization, J.E.; Methodology, J.E., EA., D.W. and E.W.; Formal Anal-
ysis and Statistics, J.E.; Investigation, J.E.; Data Curation, J.E.; Writing—Original Draft Preparation,
J.E.; Writing—Review and Editing, ].E., EA., D.W. and E.W. All authors wrote, reviewed, and revised
the manuscript and approved the final submitted manuscript. Visualization, J.E.; Project Adminis-
tration, J.E.; Funding Acquisition, J.E. All authors have read and agreed to the published version of
the manuscript.

Funding: This work was supported by Dalarna University and the Ebba Danelius Foundation.

Institutional Review Board Statement: The study received ethical approval from the Regional
Ethical Review Board, Uppsala Dnr 2018/506. All methods in the study were carried out in accordance
with the relevant guidelines and regulations.

Informed Consent Statement: The participating parents received written information about the
study. Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The datasets generated and analyzed during the current study are not
publicly available for ethical and legal reasons but are available from the corresponding author on
reasonable request.

Acknowledgments: The authors would like to express their deepest gratitude to the families who
participated in the study and to our statistician Riccardo Lo Martire.

Conflicts of Interest: ].E. and E.W. declare no conflicts of interest. F.A. is a coworker in the N-Forte
study, which received a grant from Prolacta Bioscience. D.W. has received fees from Baxter for talks
and teaching lessons.

References

1.

10.

11.

12.

13.

14.

15.

De Gamarra-Oca, L.F; Ojeda, N.; Gémez-Gastiasoro, A.; Pefia, J.; Ibarretxe-Bilbao, N.; Garcia-Guerrero, M.A.; Loureiro, B,;
Zubiaurre-Elorza, L. Long-Term Neurodevelopmental Outcomes after Moderate and Late Preterm Birth: A Systematic Review.
J. Pediatr. 2021, 237, 168-176.e111. [CrossRef] [PubMed]

World Health Organization. WHO Recommendations for Care of the Preterm or Low-Birth-Weight Infant. Available online:
https:/ /www.who.int/publications /i/item /9789240058262 (accessed on 12 January 2022).

Lechner, B.E.; Vohr, B.R. Neurodevelopmental Outcomes of Preterm Infants Fed Human Milk: A Systematic Review. Clin.
Perinatol. 2017, 44, 69-83. [CrossRef] [PubMed]

Victora, C.G.; Bahl, R.; Barros, A.J.D.; Fran¢a, G.V.A.; Horton, S.; Krasevec, J.; Murch, S.; Sankar, M.J.; Walker, N.; Rollins, N.C.
Breastfeeding in the 21st century: Epidemiology, mechanisms, and lifelong effect. Lancet 2016, 387, 475-490. [CrossRef] [PubMed]
Horta, B.L.; de Sousa, B.A.; de Mola, C.L. Breastfeeding and neurodevelopmental outcomes. Curr. Opin. Clin. Nutr. Metab. Care
2018, 21, 174-178. [CrossRef]

Horta, B.L.; Loret de Mola, C.; Victora, C.G. Breastfeeding and intelligence: A systematic review and meta-analysis. Acta Paediatr.
2015, 104, 14-19. [CrossRef]

Feldman, R.; Eidelman, A L. Direct and indirect effects of breast milk on the neurobehavioral and cognitive development of
premature infants. Devl. Psychobiol. 2003, 43, 109-119. [CrossRef]

Assad, M.; Elliott, M.].; Abraham, J.H. Decreased cost and improved feeding tolerance in VLBW infants fed an exclusive human
milk diet. ]. Perinatol. 2016, 36, 216-220. [CrossRef]

Kramer, M.S.; Kakuma, R. Optimal duration of exclusive breastfeeding. In Cochrane Database of Systematic Reviews; John Wiley &
Sons, Ltd.: Hoboken, NJ, USA, 2012; p. Cd003517. [CrossRef]

Lapillonne, A.; Bronsky, J.; Campoy, C.; Embleton, N.; Fewtrell, M.; Fidler Mis, N.; Gerasimidis, K.; Hojsak, I.; Hulst, J.; Indrio, F;
et al. Feeding the Late and Moderately Preterm Infant: A Position Paper of the European Society for Paediatric Gastroenterology,
Hepatology and Nutrition Committee on Nutrition. J. Pediatr. Gastroenterol. Nutr. 2019, 69, 259-270. [CrossRef]

Rochow, N.; Raja, P; Liu, K.; Fenton, T.; Landau-Crangle, E.; Gottler, S.; Jahn, A.; Lee, S.; Seigel, S.; Campbell, D.; et al.
Physiological adjustment to postnatal growth trajectories in healthy preterm infants. Pediatr. Res. 2016, 79, 870-879. [CrossRef]
Embleton, N.E.; Pang, N.; Cooke, R.J. Postnatal malnutrition and growth retardation: An inevitable consequence of current
recommendations in preterm infants? Pediatrics 2001, 107, 270-273. [CrossRef]

Cooke, R].; Ainsworth, S.B.; Fenton, A.C. Postnatal growth retardation: A universal problem in preterm infants. Arch. Dis. Child.
Fetal Neonatal. Ed. 2004, 89, F428-F430. [CrossRef] [PubMed]

Leppanen, M.; Lapinleimu, H.; Lind, A.; Matomaki, J.; Lehtonen, L.; Haataja, L.; Rautava, P. Antenatal and postnatal growth and
5-year cognitive outcome in very preterm infants. Pediatrics 2014, 133, 63-70. [CrossRef] [PubMed]

Brandt, L; Sticker, E.J.; Lentze, M.]. Catch-up growth of head circumference of very low birth weight, small for gestational age
preterm infants and mental development to adulthood. J. Pediatr. 2003, 142, 463-468. [CrossRef]


https://doi.org/10.1016/j.jpeds.2021.06.004
https://www.ncbi.nlm.nih.gov/pubmed/34171360
https://www.who.int/publications/i/item/9789240058262
https://doi.org/10.1016/j.clp.2016.11.004
https://www.ncbi.nlm.nih.gov/pubmed/28159210
https://doi.org/10.1016/S0140-6736(15)01024-7
https://www.ncbi.nlm.nih.gov/pubmed/26869575
https://doi.org/10.1097/MCO.0000000000000453
https://doi.org/10.1111/apa.13139
https://doi.org/10.1002/dev.10126
https://doi.org/10.1038/jp.2015.168
https://doi.org/10.1002/14651858.CD003517.pub2
https://doi.org/10.1097/MPG.0000000000002397
https://doi.org/10.1038/pr.2016.15
https://doi.org/10.1542/peds.107.2.270
https://doi.org/10.1136/adc.2001.004044
https://www.ncbi.nlm.nih.gov/pubmed/15321963
https://doi.org/10.1542/peds.2013-1187
https://www.ncbi.nlm.nih.gov/pubmed/24344103
https://doi.org/10.1067/mpd.2003.149

Nutrients 2023, 15, 2318 12 of 12

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Rosas, R.; Sanz, M.P,; Fernandez-Calle, P.; Alcaide, M.].; Montes, M.T.; Pastrana, N.; Segovia, C.; Omenaca, F.; Saenz de Pipaon,
M. Experimental study showed that adding fortifier and extra-hydrolysed proteins to preterm infant mothers” milk increased
osmolality. Acta Paediatr. 2016, 105, e555-e560. [CrossRef] [PubMed]

Panczuk, J.K.; Unger, S.; Francis, J.; Bando, N.; Kiss, A.; O’Connor, D.L. Introduction of Bovine-Based Nutrient Fortifier and
Gastrointestinal Inflammation in Very Low Birth Weight Infants as Measured by Fecal Calprotectin. Breastfeed. Med. 2016, 11, 2-5.
[CrossRef]

Diehl-Jones, W.; Archibald, A.; Gordon, ].W.; Mughal, W.; Hossain, Z.; Friel, ].K. Human Milk Fortification Increases Bnip3
Expression Associated With Intestinal Cell Death In Vitro. . Pediatr. Gastroenterol. Nutr. 2015, 61, 583-590. [CrossRef]

Euser, A.M.; Finken, M.].; Keijzer-Veen, M.G.; Hille, E.T.; Wit, ] M.; Dekker, EW. Associations between prenatal and infancy
weight gain and BMI, fat mass, and fat distribution in young adulthood: A prospective cohort study in males and females born
very preterm. Am. J. Clin. Nutr. 2005, 81, 480—487. [CrossRef]

Euser, A.M.; de Wit, C.C.; Finken, M.].; Rijken, M.; Wit, ].M. Growth of preterm born children. Horm. Res. 2008, 70, 319-328.
[CrossRef]

Embleton, N.D. Early nutrition and later outcomes in preterm infants. World Rev. Nutr. Diet. 2013, 106, 26-32. [CrossRef]
Johnson, S.; Evans, T.A.; Draper, E.S.; Field, D.].; Manktelow, B.N.; Marlow, N.; Matthews, R.; Petrou, S.; Seaton, S.E.; Smith, L.K.;
et al. Neurodevelopmental outcomes following late and moderate prematurity: A population-based cohort study. Arch. Dis.
Child. Fetal Neonatal. Ed. 2015, 100, F301-F308. [CrossRef]

Patra, K.; Hamilton, M.; Johnson, T.J.; Greene, M.; Dabrowski, E.; Meier, P.P,; Patel, A.L. NICU Human Milk Dose and 20-Month
Neurodevelopmental Outcome in Very Low Birth Weight Infants. Neonatology 2017, 112, 330-336. [CrossRef] [PubMed]
Mansson, J.; Fellman, V.; Stjernqvist, K. The ESG: Extremely preterm birth affects boys more and socio-economic and neonatal
variables pose sex-specific risks. Acta Paediatr. 2015, 104, 514-521. [CrossRef] [PubMed]

Roze, J.C.; Darmaun, D.; Boquien, C.Y.; Flamant, C.; Picaud, J.C.; Savagner, C.; Claris, O.; Lapillonne, A.; Mitanchez, D.; Branger,
B.; et al. The apparent breastfeeding paradox in very preterm infants: Relationship between breast feeding, early weight gain and
neurodevelopment based on results from two cohorts, EPIPAGE and LIFT. BM] Open 2012, 2, e000834. [CrossRef] [PubMed]
Nutrium. Available online: www.nutrium.se (accessed on 1 April 2023).

Ericson, J.; Eriksson, M.; Hellstrom-Westas, L.; Hoddinott, P; Flacking, R. Proactive telephone support provided to breastfeeding
mothers of preterm infants after discharge: A randomised controlled trial. Acta Pediatr. 2018, 107, 791-798. [CrossRef]

Kadesjo, B.; Janols, L.O.; Korkman, M.; Mickelsson, K.; Strand, G.; Trillingsgaard, A.; Gillberg, C. The FTF (Five to Fifteen): The
development of a parent questionnaire for the assessment of ADHD and comorbid conditions. Eur. Child. Adolesc. Psychiatry
2004, 13 (Suppl. S3), 3-13. [CrossRef]

Niklasson, A.; Albertsson-Wikland, K. Continuous growth reference from 24th week of gestation to 24 months by gender. BMIC
Pediatr. 2008, 8, 8. [CrossRef]

Ericson, ].; Eriksson, M.; Hoddinott, P.; Hellstrom-Westas, L.; Flacking, R. Breastfeeding and risk for ceasing in mothers of preterm
infants-Long-term follow-up. Matern. Child. Nutr. 2018, 14, e12618. [CrossRef]

Brown, ].V,; Lin, L.; Embleton, N.D.; Harding, J.E.; McGuire, W. Multi-nutrient fortification of human milk for preterm infants. In
Cochrane Database of Systematic Reviews; John Wiley & Sons, Ltd.: Hoboken, NJ, USA, 2020; Volume 6, p. Cd000343. [CrossRef]
Rochow, N.; Raja, P; Straube, S.; Voigt, M. Misclassification of newborns due to systematic error in plotting birth weight percentile
values. Pediatrics 2012, 130, e347-e351. [CrossRef]

Koletzko, B.; von Kries, R.; Closa, R.; Escribano, J.; Scaglioni, S.; Giovannini, M.; Beyer, J.; Demmelmair, H.; Gruszfeld, D.;
Dobrzanska, A.; et al. Lower protein in infant formula is associated with lower weight up to age 2 y: A randomized clinical trial.
Am. . Clin. Nutr. 2009, 89, 1836-1845. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1111/apa.13522
https://www.ncbi.nlm.nih.gov/pubmed/27392326
https://doi.org/10.1089/bfm.2015.0125
https://doi.org/10.1097/MPG.0000000000000876
https://doi.org/10.1093/ajcn.81.2.480
https://doi.org/10.1159/000161862
https://doi.org/10.1159/000342553
https://doi.org/10.1136/archdischild-2014-307684
https://doi.org/10.1159/000475834
https://www.ncbi.nlm.nih.gov/pubmed/28768286
https://doi.org/10.1111/apa.12937
https://www.ncbi.nlm.nih.gov/pubmed/25620552
https://doi.org/10.1136/bmjopen-2012-000834
https://www.ncbi.nlm.nih.gov/pubmed/22492388
www.nutrium.se
https://doi.org/10.1111/apa.14257
https://doi.org/10.1007/s00787-004-3002-2
https://doi.org/10.1186/1471-2431-8-8
https://doi.org/10.1111/mcn.12618
https://doi.org/10.1002/14651858.CD000343.pub4
https://doi.org/10.1542/peds.2011-3884
https://doi.org/10.3945/ajcn.2008.27091

	Introduction 
	Materials and Methods 
	Setting 
	Population 
	Data Collection 
	Statistical Analysis 

	Results 
	Neurodevelopmental Outcomes 
	Growth 
	Health 

	Discussion 
	Conclusions 
	References

