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Preface

This Special Issue was created to support evidence-based recommendations regarding the
initiation and maintenance of breastfeeding worldwide. The resulting compilation of articles
significantly expands the depth of our understanding of the factors that facilitate breastfeeding
initiation and continuation, in addition to the public health implications of breastfeeding
success. Higher levels of knowledge and self-efficacy have consistently fostered maternal-defined
breastfeeding satisfaction. While ongoing efforts are needed to increase breastfeeding rates, it is
encouraging that many of the factors that contribute to a positive maternal attitude and experience are
modifiable, as long as healthcare providers seek the identification of factors that could be interfering
with breastfeeding success. There are important roles in this process for a multidisciplinary healthcare
team as well as community stakeholders. In this Special Issue, that paradigm was demonstrated by
the results of a randomized clinical trial that showed midwife-led postpartum support groups can
lower maternal depression scores while simultaneously increasing self-efficacy and breastfeeding
success. This Special Issue further clarifies the public health importance of breastfeeding with studies
demonstrating a reduction in the odds of abnormal fasting glucose during subsequent pregnancies
and protection of the breastfed infant from early eczema. This is a clear call for policymakers to
increase resource allocation, including improved workplace and parental leave policies, to improve

public health worldwide.

Robert D. Roghair
Guest Editor
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1. Introduction

The provision of human milk to newborn infants is one of the most effective ways to
reduce infant mortality. It has been estimated that nearly one million children’s lives could
be saved every year if all children were optimally breastfed [1]. Later in life, breastfed
children perform better on intelligence tests, are less likely to be overweight or obese and
less prone to diabetes [2]. Additional benefits are seen for birthing parents that provide
their own milk for their infants, including a reduction in the rates of many types of cancer
and decreased metabolic or cardiovascular disease [3,4]. Based on this evidence, the World
Health Organization (WHO) and the United Nations International Children’s Emergency
Fund (UNICEF) recommend that children initiate breastfeeding within the first hour of
birth and be exclusively breastfed for 6 months [5]. Unfortunately, more often than not,
infants receive non-human milk feedings before 6 months, and the provision of breast
milk often ends before the evidence-based target of at least 2 years. Beyond the global
imperative, disparities in breastfeeding rates within countries are striking and the variable
rate of breastfeeding across racial or ethnic groups and among individuals with different
socioeconomic statuses is an under-appreciated public health crisis.

This Special Issue “Breastfeeding: Benefits to Infant and Mother” was created to
develop evidence-based recommendations to increase the initiation and maintenance of
breastfeeding worldwide and further expand upon the health benefits of human milk across
diverse populations. This effort was successful with dozens of submissions subjected to
rigorous peer review, resulting in twelve outstanding contributions to the medical literature
in this important area. This editorial is intended to assist in the dissemination of this
newfound knowledge and awareness. In turn, it is hoped that caregivers and care providers
will be able to use this information to increase breastfeeding rates with positive impacts on
child and adult health.

2. Overview of Published Articles

In the first contribution, Elgzar et al. utilized a retrospective, cross-sectional study
to examine the correlation between specific components of maternal ideation on exclu-
sive breastfeeding (EBF) practices in Saudi Arabia (contribution 1). The reported rate of
EBF at 6 months within this cohort (41%) is consistent with global rates, supporting the
widespread applicability of the inquiries. The investigation found that each construct of
maternal ideation, including cognitive aspects (adequate knowledge and positive beliefs),
psychological dimensions (self-efficacy) and social dimensions (social influence, descriptive
and injective norms) were positive predictors of EBF, as were traditional factors, including
maternal age, mode of delivery, occupation, and education.

Olcina Simoén et al. added another layer to the investigations of Elgzar et al. by
delving into the role of cognitive and social dimensions in the persistence of colostrum
avoidance among a majority of women in rural Ethiopia (contribution 2). In their cross-
sectional study, only 3% of birthing parents started breastfeeding within an hour of birth
and 56% practiced colostrum avoidance. Maternal educational level, living conditions,
beliefs about the dangers of colostrum, and attendance at delivery by relatives rather than

Nutrients 2024, 16, 3251. https://doi.org/10.3390/nul16193251 1 https:/ /www.mdpi.com/journal /nutrients
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healthcare providers predicted colostrum avoidance. Unfortunately, inaccessible health
care contributed to limited or no prenatal care for most of the study participants, and
this likely contributed to the persistence of the traditional feeding practices despite their
association with increased infant mortality.

D’Adamo et al. published a related time-course investigation into the impact time since
delivery on the breast milk content of presepsin, a truncated, soluble form of CD14 that
has been used as a short-term biomarker for infection (contribution 3). Their prospective
study demonstrated reductions in presepsin with advancing gestational age at delivery and
elapsed time since delivery with relatively minor variation seen based on mode of delivery
or infant gestation. Notably, presepsin levels are markedly higher in colostrum than
transitional or mature milk, especially among preterm infants. While the impact of breast
milk presepsin on gut health and innate immunity is an area of ongoing investigation,
these data support the importance of colostrum feedings, especially in the context of
preterm delivery.

Although it is certainly not available to all families, donor human milk can be used
as a bridge towards the provision of maternal milk or as a substitute for maternal milk
during prolonged neonatal hospitalizations. In those situations, it is important for donor
milk to replicate the characteristics of maternal milk, and in this regard, the article by Vass
et al. examined the impact of demographic parameters on the fatty acid composition of
donor milk (contribution 4). While Holder pasteurization significantly reduced the content
of multiple medium and long chain fatty acids, there were significantly increased levels
of other fatty acids. Similar changes were seen, independent of pasteurization, based on
mode of delivery with smaller effects identified in relation to the gender of the donor’s
infant. While the absolute differences in fatty acid content were relatively small, it is clear
that further research is needed to define the effects of various pasteurization methods and
donor selection strategies on the composition of donated human milk.

Returning to the investigation of the correlates of early EBF success, Verea-Nuifiez et al.
performed a cross-sectional study at a certified baby-friendly hospital in Spain with an
EBF rate during admission of 73% (contribution 5). While there was an overall positive
attitude towards breastfeeding, this was further enhanced by avoidance of pacifiers and the
provision of proper breastfeeding information from healthcare providers. Beyond having
a positive attitude, having a positive prior breastfeeding experience and an infant that
did not require specialized care was associated with increased likelihood of EBF through-
out the newborn admission. These results emphasize the importance of assisting initial
breastfeeding efforts for benefits that extend beyond the current dyad to subsequent births.

A second cross-sectional contribution from Saudi Arabia by Al-Thubaity et al. focused
on the determinants of maternal self-efficacy in the ability to breastfeed satisfactorily, a key
component of EBF ideation, especially when extra effort or persistence are needed in the
context of unexpected barriers or challenges (contribution 6). Reinforcing the findings of
Elgzar et al. and Verea-Nunez et al., maternal self-efficacy over the first 6 months following
delivery was significantly influenced by a positive maternal attitude, as well as maternal
occupation, education, and past EBF experiences. It is worth emphasizing the study’s
important, but perhaps not surprising, finding that housewives were nearly twice as likely
to have a high EBF self-efficacy compared with working mothers, highlighting a need for
improved workplace and parental leave policies.

The prospective cohort study performed in southern Brazil by Bizon et al. further
emphasized the importance of a positive maternal attitude in the maintenance of EBF
by directly correlating the level of maternal satisfaction at 1 month with ongoing EBF
(contribution 7). In a multivariate model that corrected for maternal age, maternal edu-
cation, cohabitation, and early breastfeeding difficulties, mothers with a higher level of
satisfaction at 1 month were over four times as likely to be EBF at 6 months. While the
results emphasize the importance of early interventions to achieve maternal satisfaction,
the EBF rate at 6 months of only 24% among the cohort with high levels of early satisfaction
emphasizes the need for additional and ongoing assessments and interventions.
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In a complimentary investigation, Vila-Candel and colleagues explored the importance
of health literacy in the prevention of breastfeeding abandonment (contribution 8). Their
multicenter study across four regions of Spain prospectively assessed breastfeeding attrition
over 6 months with rates gradually declining from 82% to 43%, consistent with global rates
of breastfeeding abandonment. Health literacy, along with mobilization during labor and
spontaneous labor were significantly associated with a reduced likelihood of breastfeeding
abandonment, perhaps a reflection of improved feelings of maternal self-efficacy or control
over the perinatal events. Interestingly, unlike the results of other studies within this Special
Issue, maternal education level or economic status did not predict either health literacy or
breastfeeding discontinuation, emphasizing the need for region-specific investigations.

With multiple studies demonstrating the importance of maternal support or educa-
tion in the development of maternal self-efficacy, Rodriguez-Gallego led a remarkable
randomized clinical trial that tested the effectiveness of a monthly midwife-led postpartum
support group on breastfeeding outcomes at 4 months among 382 women from Andalusia
(contribution 9). At 6 months, the rate of EBF was significantly higher in the intervention
arm, and this appeared to be mediated by an increase in perceived self-efficacy. In a sec-
ond contribution from the same interventional study, women in the postpartum support
group also had significantly reduced Edinburgh Postnatal Depression Scale scores at 4
months (contribution 10). At both 2 months and 4 months, higher depression scores were
significantly associated with reduced EBF rates. Beyond the correlation with EBF rates,
the mitigation of maternal depression through enhanced support group participation has
implications for the long-term health of both mother and child.

Continuing the shift towards long-term outcomes, Melov et al. investigated the
association of prior breastfeeding with subsequent maternal health (contribution 11). In
their retrospective cohort, an impressive 62% of multiparous women in Sydney, Australia,
breastfed over 6 months in their prior pregnancy, although disparities were noted in
association with maternal age, ethnicity, and economic status. Overall, high intensity
breastfeeding for at least 3 months in the prior pregnancy was associated with nearly a 50%
reduction in the odds of an abnormal fasting glucose in the subsequent pregnancy and a
tendency towards a reduced likelihood of being diagnosed with gestational diabetes.

Finally, the long-term outcomes of breastfed infants were evaluated by Libuda and
colleagues (contribution 12). Their observational study allayed concerns that breastfeeding
could prevent early childhood eczema in higher-risk infants at the cost of a rebound increase
in allergic diseases through young adulthood. Overall, beyond the known protection from
early eczema, there was no association between breastfeeding and healthcare provider-
diagnosed allergic diseases. There was, however, an interesting bidirectional interaction,
based on the presence or absence of early eczema, between breastfeeding and long-term
allergic rhinitis risk in those with no family history of allergic diseases.

3. Conclusions

This compilation of articles has significantly expanded the depth of our understanding
of the factors that facilitate breastfeeding initiation and continuation, as well as the public
health implications of those efforts. The role of maternal ideation, in particular self-efficacy,
assumed a prominent role in this Special Issue, and for good reason, as multiple publi-
cations demonstrate the importance of maternal satisfaction in the decision to continue
breastfeeding with implications for the health of the infant, the mother, and potential future
pregnancies. Given the ongoing need to increase breastfeeding rates, it is encouraging that
many of the factors that contribute to a positive maternal attitude can be modifiable.

Only when healthcare providers screen for and identify suboptimal levels of maternal
knowledge or self-efficacy can discussions begin with families regarding factors that might
be contributing. Those conversations can, in turn, open the door to possible interventions
to promote a more positive experience for the mother-infant dyad and the prevention of
premature breastfeeding abandonment. As the contributions in this Special Issue attest,
there are important roles in this process for all members of the multidisciplinary healthcare
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team, including lactation consultants, midwives, and additional community-based allies
that contribute towards our shared understanding of the benefits of human milk.

Beyond encouragement to implement expanded screenings and evidence-supported
quality improvement projects, the contributions gathered for this Special Issue identify
important areas for future research. These areas include the optimal design of breastfeeding
education programs and/or interventions in developing as well as developed countries.
While the public health importance of breastfeeding is a clear call for an overall increase in
resource allocation by policy makers, in particular an improvement in parental leave policies
and universal screenings, and because resources remain limited, there is a need to identify
ways to risk-stratify individuals for need-based and targeted educational interventions to
achieve both effective and sustainable effects in all communities.

Acknowledgments: The author acknowledges all members of the University of lowa Health Care’s
Human Milk Equity Taskforce for their ongoing efforts to facilitate the provision of human milk for
all infants throughout their hospitalizations and within their communities.

Conflicts of Interest: The authors declare no conflicts of interest.
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Abstract: All mortality risk factors are higher in non-breastfed infants compared to infants under five
months of age who receive Exclusive Breastfeeding (EBF). Examining the predicting role of maternal
ideation in EBF practices can help to direct and strengthen the cooperation between multidisciplinary
healthcare providers to formulate multidisciplinary breastfeeding enhancement strategies. Methods:
This correlational cross-sectional study investigates the relationship between maternal ideation
and EBF practice among Saudi nursing mothers at Maternal and Children’s Hospital (MCH) in
Najran, Saudi Arabia. The study incorporated 403 Saudi nursing mothers aged 6-12 months with
healthy infants. The data collected using a questionnaire comprises demographic characteristics and
obstetric history, the EBF Practice scale, and a maternal ideation scale. The data was collected from
the beginning of November 2022 to the end of January 2023 and analyzed using I.B.M. version 22.
Results: Breastfeeding initiation within one hour occurred among 85.1% of women, while 39.2% fed
their newborn only colostrum during the first three days. EBF until six months was practiced by
40.9% of the participants day and night and on-demand (38.7%). Furthermore, 60.8% of the study
participants had satisfactory overall EBF practices. The cognitive part of maternal ideation shows
that 68.2% of the participants had adequate knowledge and 63.5% had positive beliefs regarding EBF
practice. The maternal psychological ideation dimensions show that 81.4% had high EBF self-efficacy.
The maternal social ideation dimensions showed that high injunctive and descriptive norms were
present among 40.9% and 37.5%, respectively. In addition, healthcare providers (39.2%) had the most
significant social influence, followed by husbands (30.5%). Binary logistic regression shows that the
mother’s age, occupation, and education are the significant demographic predictors of satisfactory
EBF practices (p < 0.05). All maternal ideation constructs were positive predictors of satisfactory EBF
practices (p < 0.05). Conclusion: Maternal ideation constructs are positive predictors of satisfactory
EBF practice and can be used to predict high-risk groups and plan for further intervention.

Keywords: exclusive breastfeeding; maternal ideation; knowledge; beliefs; self-efficacy; Saudia Arabia

1. Introduction

The fourth-millennium development goal is concerned with decreasing child mortality.
The World Health Organization (WHO) reported that 40% of under-five mortality occurred
in under one month, and most occurred in the first week of age [1]. Sankar et al. conducted
a systemic review to explore the relationship between satisfactory breastfeeding practice
and infant and child mortality. They found that all mortality risk factors were higher
in non-breastfed infants than in infants exclusively breastfed under five months of age.

Nutrients 2023, 15, 1719. https://doi.org/10.3390/nu15071719 6

https:/ /www.mdpi.com/journal /nutrients



Nutrients 2023, 15, 1719

Furthermore, the risk for infection-related mortality is twofold higher in the non-breastfed
infant than in the exclusively breastfed [2]. Breastfeeding has unquestionable benefits for
infants and mothers, whether rich or poor. The infant breastfeeding-related benefits are
numerous and long-lasting, such as decreasing infectious disease risk, a decreased risk for
type 2 diabetes mellitus and obesity, a decreased risk for respiratory asthma, and increased
child intelligence and adulthood intelligence later on [3-5]. In other words, breastfeeding is
a child’s first inoculation against death, disease, and poverty and the most important and
permanent investment in human physical, cognitive, and social capability [6]. Maternal
benefits of breastfeeding include decreased breast and ovarian cancer risk, increased birth
spacing, and decreased risk for type 2 diabetes and obesity.

Spotting on the breastfeeding benefits, which recommended only breastfeeding as the
sole nutrient for the infant in the first six months of life with the allowance of prescribed
medications, minerals, vitamins, and oral rehydration therapy. Complementary foods
are introduced after six months, besides breastfeeding until two years of age [7]. The
Saudi Ministry of Health issued policies to enhance the early initiation and continuation
of breastfeeding exclusively until six months and complementarily until two years [8].
Saudi Arabia is a Muslim country; therefore, the Quran and Hadith are the main sources of
legalization. In the Holy Quran, breastfeeding is a granted right for the infant until two
years of age [9]. Although the Saudi Ministry of Health paid great attention to the early
initiation and continuation of EBF, the rate is still lower than expected. In Saudi Arabia,
the EBF rate varied by region, ranging from 0.8% to 43.9%; in a systemic review involving
17 studies [10] worldwide, the WHO stated that less than 50% of infants have EBF [7].

The Saudi Ministry of Health paid great attention to increasing public awareness of
breastfeeding, but the rate is still low. This may highlight a question about the effectiveness
of such educational interventions. The educational interventions have to be built on strong
subject-related factors and address the target group’s needs. Therefore, the most important
step in a successful educational program is determining the target group’s needs and the
predictors of satisfactory breastfeeding practice. Factors associated with EBF practices
are multiple and have a complicated nature. Some factors are not modifiable, such as
demographic and obstetrical variables, and many others are modifiable. Modifiable factors
are breastfeeding knowledge, beliefs, self-efficacy, the common norms and patterns of EBF
in the community, social norms, and significant others who can influence the women’s
behaviors [11]. Modifiable factors are the milestones that can help educational programs
produce behavior changes and stick to satisfactory EBF practices.

The maternal ideation model is one of the most important models that can be used to
predict satisfactory EBF practice. Specifically, women with low maternal ideation, inad-
equate knowledge, negative beliefs, low self-efficacy, and low injunctive and descriptive
norms are at a higher risk of unsatisfactory outcomes. The EBF ideation model tried to
explain how new behaviors or practices can spread throughout the community through
social interactions and communication among individuals and groups [12]. The ideation
model of strategic communication and behavior change primarily focuses on behavioral
and social changes toward positive health behaviors [13]. Interventions for improving
breastfeeding based on the ideation model should focus on predicting the cognitive, psy-
chological, and social dimensions of breastfeeding. Cognitive aspects of behavior change
include women’s knowledge and beliefs regarding breastfeeding. Psychological aspects
include breastfeeding self-efficacy, or how the mother evaluates her ability to practice EBF
effectively. Lastly, the social dimension of the ideation models includes injunctive norms,
descriptive norms, and social influences. The injunctive norms evaluated the woman’s
trust in the benefits of breastfeeding for herself and her infant. Descriptive norms evalu-
ated the women'’s perceptions of community norms regarding breastfeeding. The social
influence evaluation evaluated the significant person or social network who may influence
the women’s breastfeeding practices. These people may be the husband, mother-in-law,
friends, and health care provider. The ideation model is based on the assumption that a
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person with more enabling ideation factors can effectively manage behavior change to a
more positive one [11].

The roles of ideation factors in predicting behavior change were examined for cancer
care [13], contraceptive use [14], suicide [15], and malaria care [16], but rarely for breastfeed-
ing in Nigeria [11]. Examining the predicting role of maternal ideation in EBF practices can
help direct and strengthen the cooperation between multidisciplinary healthcare providers
in formulating multidisciplinary breastfeeding enhancement strategies. Breastfeeding en-
hancement strategies can be implemented with the cooperation of breastfeeding specialists,
pediatricians, psychologists, nurses, and social workers. The maternal ideation cognitive
part (knowledge and beliefs) can be enhanced through educational programs provided
by breastfeeding specialists, pediatricians, and nurses. Furthermore, the psychological
maternal ideation dimension (breastfeeding self-efficacy) can be improved through educa-
tional and psychological interventions provided by psychologists. Lastly, the social part
of the maternal ideation model (social influence, injunctive, and descriptive norms) can
be enhanced through a social and educational intervention provided by social workers in
cooperation with breastfeeding specialists, pediatricians, and nurses, all using different
media. It can also help with EBF enhancement at national and subnational levels by ac-
cessing the whole community through all dimensions of the ideation model of strategic
communication and behavioral change.

2. Materials and Methods
2.1. Study Design

This correlational cross-sectional study investigated the relationship between maternal
ideation and EBF practice among Saudi nursing mothers in the Maternal and Children’s
Hospital (MCH).

The operational definitions are: EBF gives the infant breast milk only for the first six
months of life, in addition to prescribed medications, minerals, oral rehydration therapy,
and vitamins [17].

Unsatisfactory EBF practice is below-average (<10) on the EBF practice scale, and
satisfactory EBF practice is above-average (>10).

Maternal ideation is the complex and unique decision-making process that leads to
behavioral changes, and it incorporates cognitive (knowledge and beliefs), psychologi-
cal (self-efficacy), and social (injunctive norms, descriptive norms, and social influence)
dimensions related to EBF [11].

2.2. Study Setting

The study was conducted in the outpatient department of the MCH Hospital in
Najran, Saudi Arabia. The included clinics are immunization, pediatrics, and breastfeeding
counseling. MCH is the only hospital in Najran City that provides maternal and child
health care; therefore, it serves a large population. Najran city is the capital of the Najran
region in southwestern Saudi Arabia. Najran City has many cultural and traditional beliefs
about the maternity cycle and breastfeeding [18].

2.3. Study Participants

The study incorporated 403 Saudi nursing mothers with infants free from breastfeeding
contraindications and aged 6-12 months; those aged 18 years and older can read, write,
and accept participation in the study.

2.3.1. Sample Size and Sampling Procedures

The sample size was calculated using the Cohran formula [19]. The EBF prevalence in
Saudi Arabia varies by region; it ranges from 0.8 to 43.9%, according to a systemic review
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by Al Junaid et al. [10]. Therefore, the EBF rate used in the sample size calculation is 43.9%.
The formula used in the calculation is:
Zqu
n=-s

where 7 is the required sample size, Z is the normal standard deviation at a 95% confidence
level (1.96), and P is the estimated proportion of the target population, estimated to be
43.9%; according to Al Junaid et al., the sample size is 378 after adding 15% to compensate
for the anticipated sample loss of n = 435.

2.3.2. Sampling Technique and Procedures

A systemic random sampling was utilized to recruit the participants. The suitable
clinics for data collection were three pediatric clinics, an immunization clinic, and a breast-
feeding counseling clinic. According to the clinic registry system, there are a total of 5 clinics
with an average follow-up rate of 75 cases (15 for each clinic) per day in the morning and af-
ternoon shifts. The data collection team was composed of three researchers; each researcher
determined that he could collect a minimum of five cases daily; the total is 15 cases per
day for the whole team, three days per week. The sampling interval was determined by
dividing the follow-up rate by the expected total recruited cases daily, and it was 75/5 = 5.
The starting point was picked randomly from a ball containing papers numbered 1-5, then
an interval of 5 was applied. The participants were picked from the waiting area for the five
clinics, which ran three days per week for 12 weeks from November 2022 to January 2023.
If the selected participant refused participation or was illegible, the next case was included,
and the sample interval was maintained. The study participants were distributed according
to the following chart (Figure 1).

8§ refused participation.

435 Participants were I 9 excluded due to infant with

interviewed. breastfeeding contraindications.

418 completed self-administrated 15 were excluded hecause

questionnaires. of incomplete data.

Y

403 Questionnaires were analyzed.

Figure 1. Participants’ flow chart.

2.4. Study Measurement Tools

The study measurement tools are organized in a self-reported questionnaire that
was developed after an intensive literature review. The questionnaire comprises three
parts: demographic characteristics and obstetric history; EBF practice scale; and maternal
ideation scale.
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Part I consists of demographic characteristics and obstetric histories. It collects the
mothers’ age, occupation, education, and husband’s education, as well as their monthly
income. Obstetric history includes parity, mode of delivery, complications of the last
delivery, duration of pregnancy for the last child, and the number of living children.

Part IT is the self-reported EBF practice scale. It was developed by researchers and
comprises ten statements that evaluated the initiation and different aspects of breastfeeding
practices, guided by previous studies [17,20]. The scale items were dichotomous (yes or no)
questions, where yes scored “one” and no scored “zero”, The total scale score was 10, and
the participant was considered to have unsatisfactory (0-5) or satisfactory (6-10) practice
based on her score. Cronbach’s alpha coefficient for the practice scale was 0.87, indicating
high reliability.

Part III is the maternal ideation evaluation scale. Maternal ideation is composed of
three main categories, which are cognitive (knowledge and beliefs), psychological (self-
efficacy), and social (injunctive norms, descriptive norms, and social influence) [11].

The maternal breastfeeding knowledge was assessed using the Gender-Friendly Breast-
feeding Knowledge Scale (GFBKS). It was validated by Gupta et al. and found to be highly
reliable (r = 0.787). The scale incorporated 18 items rated on a 5-point Likert scale as
false = 1, maybe false = 2, do not know = 3, may be true = 4, and true = 5. The total score for
the 18 items ranged from 18 to 90. Based on her score, the mother was classified as having
inadequate (18-54) or adequate knowledge (55-90) [21].

Mothers’ beliefs regarding breastfeeding are adapted from the beliefs about breast-
feeding questionnaire. The questionnaire consisted of 8 items rated on a 5-point Likert
scale ranging from strongly disagreeing (1 point) to strongly agreeing (5 points). The total
questionnaire score ranged from 8 to 40; the negative belief score ranged from 8 to 24;
and the positive belief ranged from 25 to 40. The questionnaire indicated good internal
consistency, which ranged from (r = 0.73-0.77) [22].

The psychological part of maternal ideation, mainly self-efficacy, was evaluated using
the Breastfeeding Self-Efficacy Scale—Short Form (BSES-SF). Dennis created it in 2003
to evaluate postpartum women'’s breastfeeding confidence. The BSES-SF was rated on
a 5-point Likert scale ranging from 1 (not at all confident) to 5 (always confident). The
total score ranged from 14-70; low self-efficacy is considered from 14-42 and high self-
efficacy from 43-70 [23]. According to Amini et al., the BSES-SF internal consistency was
(r=0.910) [24].

The injunctive norms evaluated the mother’s trust in breastfeeding benefits for herself
and her infant. The injunctive norms were evaluated using four items rated on a five-point
Likert scale, resulting in a total injunctive norms score (4-20). The mother was considered
to have low (4-12) or high (13-20) injunctive norms according to her total score for the four
items [11].

Descriptive norms evaluated the mother’s perception of the community norms re-
garding breastfeeding. It was evaluated through three items rated on a 5-point Likert
scale ranging from strongly disagreeing (1 point) to strongly agreeing (5 points). The total
descriptive norms score ranged from 3-15, and the woman was considered to have low
(3-9) or high (10-15) descriptive norms according to her total score for the three items [11].

The social influence is evaluated using one multiple-choice question to evaluate who,
besides the mother, can affect her decision regarding breastfeeding. The answers were no
one, husband, mother-in-law, and health care provider [11].

2.5. Data Collection Procedures and Techniques

The data was collected from the beginning of November to the end of January 2023. At
the beginning of the data collection interview, the researcher explained the study purpose,
expected outcome, participants’ role, data confidentiality, and the right to refuse participa-
tion without any penalties or consequences on the care provided. If the mother accepted
participation, the questionnaire was given to her after she signed the informed consent.
The data collector was present during the data collection process to clarify concerns and
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answer the participants’ questions. After completing the questionnaire, the participant’s
medical records were used to confirm the basic data.

2.6. Data Quality Control

The three data collectors were researchers with good experience in data collection,
sampling techniques, and research ethics. Before data analysis, the questionnaires were
carefully checked for missing data; 15 cases were excluded.

2.7. Ethical Approval

At first, the research proposal was approved by the deanship of scientific research at
Najran University; then, another approval was obtained from the Najran Health Affairs
Ethics Committee, an ethical approval (I.R.B. Log Number 2023-02 E). Approval to start
data collection was also obtained from the MCH head. In addition, during data collection,
informed consent was obtained from each participant after explaining the study’s purpose.
Data confidentiality, anonymity, and the right to refuse participation without any penalties
were emphasized to the participants.

2.8. Data Analysis

Data analysis was performed using the Statistical I.B.M. software, version 23 (L.B.M.
Corp., Armonk, NY, USA). The data were checked for normal distribution and missing data.
Sheets containing missing data were omitted from the analysis. The participants’ basic
data, obstetric history, and maternal ideation constructs were described using numbers,
percentages, and mean + SD. The total EBF knowledge, beliefs, self-efficacy, injunctive
norms, and descriptive norms were obtained by summing items. The predictors of satisfac-
tory EBF practice were examined using binary logistic regression. Among the independent
variables, the participant’s age, total B.E. knowledge, total B.F. beliefs, self-efficacy, injunc-
tive norms, descriptive norms, gravidity, and the number of living children are continuous.
Furthermore, occupation, mother’s education, husband’s education, monthly income, gra-
vidity, mode of delivery of the last child, social influence, and duration of pregnancy are
all categorical variables. The first category was the reference for all categorical variables.
All factors were tested for multicollinearity before the regression model. The final model
was tested with the Cox and Snell R-Squared goodness of fit test. Statistically significant
findings were considered at p < 0.05.

3. Results

The participants” demographic characteristics are illustrated in Table 1. More than
three-quarters (82.1%) of the study participants were aged 20-35, with a mean age of 28.95.
Furthermore, 62.5%, 66.3%, and 67.7% are working, university-educated mothers and
married to highly educated husbands, respectively. In addition, more than half (52.4%) of
the study participants had enough monthly income, but only 10.2% could save.

Table 1. Participants” sociodemographic data (1 = 403).

Sociodemographic Data n (403) %
Age (years)

- <20year 14 3.5
- 20-35 331 82.1
- >36 58 14.4
Mean + SD 28.95 £ 7.64
Occupational status

- Housewife 151 375
- Working 252 62.5
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Table 1. Cont.

Sociodemographic Data n (403) %
Woman'’s education

—  Read and write 20 5.0
- Secondary school 116 28.8
—  University or postgraduate 267 66.3
Husband’s education

- Read and write 10 2.5
- Secondary school 120 29.8
- University or postgraduate 273 67.7
Monthly income

- Notenough 151 37.5
- Enough 211 524
- Enough and can save 41 10.2

Obstetric history shows that 67.7% and 70.2% of the participants were multiparous and
had a history of previous vaginal delivery, respectively. Furthermore, 83.1% and 90.6% of
women suffered from complications during the last delivery and had full-term pregnancies,
respectively. The mean number of living children for the study participants was 2.732
(Table 2).

Table 2. Participants’ obstetric history and breastfeeding practice (1 = 403).

Participants” Obstetric History and Breastfeeding Practices n %
Parity

- Primiparous 130 32.3
- Multiparous 273 67.7
Mode of delivery

- Vaginal delivery 283 70.2
- Cesarean section 120 29.8

Complications of last delivery

- No 335 83.1
- Yes 68 16.9
Duration of pregnancy with the last child

- Full-term 365 90.6
- Preterm 38 9.4
Number of living children (mean + SD) 2.732 +2.024

Self-reported EBF practices are illustrated in Table 3. Breastfeeding initiation within
one hour occurred among 85.1% of women, while 39.2% fed their newborns only colostrum
during the first three days of their lives. EBF until six months of life was practiced by 40.9%
of the participants. Breastfeeding was practiced by 38.7% of women at all hours of the day
and night. Nearly two-thirds of the participants ensured that their infant was properly
latched on for the whole feeding (65%), determined that the baby got enough milk (64%),
and fed their infant from the two breasts interchangeably (63.5%). In addition, 54.6% can
comfortably breastfeed in the presence of family members. Lastly, 67.2% and 65.3% of the
study participants maintained comfortable positions and performed eructation after each
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feeding, respectively. Furthermore, 60.8% of the study participants had satisfactory EBF
practices, and 39.2% had unsatisfactory practices.

Table 3. Self-reported EBF practice (n = 403).

Practice Items Yes No
N % N %
1 Istarted to breastfeed my infant during the first hour of postpartum. 343 85.1 60 14.9
2 Ifed my infant only colostrum during the first three days. 158 39.2 245 60.8
3 Ifeed my infant only breast milk until 6 months of age. 165 40.9 238 59.1
4  Ifeed my infant day and night and on demand. 156 38.7 247 61.3
5 Ellérxfofleeefcii;;g{n I;nsured that my infant was properly latched on for 262 65.0 141 35.0
6  During feeding, I determined that my baby got enough milk. 258 64.0 145 36.0
7 Ifeed my infant from both breasts interchangeably. 256 63.5 147 36.5
8 I comfortably breastfeed with my family members present. 220 54.6 183 454
9  Imaintained comfortable positions for my infant and me during feeding. 271 67.2 132 32.8
10 I performed eructation for my infant after each feeding. 263 65.3 140 34.7
Unsatisfactory Satisfactory
Total EBF practice. 158 39.2 245 60.8

The cognitive part of maternal ideation shows that 68.2% of the participants had
adequate knowledge and 63.5% had positive beliefs regarding breastfeeding practice.
The maternal psychological ideation dimension shows that 81.4% had high breastfeeding
self-efficacy. The maternal social ideation dimensions showed that high injunctive and
descriptive norms were present among 40.9% and 37.5%, respectively. In addition, the
most significant social influence is provided by health care providers (39.2%), followed by
husbands (30.5%) (Table 4).

Table 4. Participants’ breastfeeding maternal ideation (1 = 403).

Ideational Dimension Domain n %
Cognitive Knowledge
Inadequate (18-54) 128 31.8
Adequate (55-90) 275 68.2
Beliefs
Negative (8-24) 147 36.5
Positive (25-40) 256 63.5
Psychological Self-efficacy
Low (14-42) 75 18.6
High (43-70) 328 81.4
Social Injunctive norms
Low 238 59.1
High 165 40.9
Descriptive norms
Low 252 62.5
High 151 37.5
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Table 4. Cont.

Ideational Dimension Domain n %

Social influence

No one 69 171
Husband 123 30.5
Mother-in-law 53 13.2
Health care provider 158 39.2

Binary logistic regression shows that the mother’s age, occupation, and education are
all significant demographic predictors of EBF practices. An increase in the maternal age by
one year increases the probability of satisfactory EBF practice by 1.2 times [AOR = 1.267
(1.109-1.449), p = 0.001]. Furthermore, being a housewife and university educated too
much increased the probability for satisfactory EBF [AOR = 13.341 (2.249-39.249), p = 0.004]
and [AOR = 3.218 (1.861-10.682), p = 0.008]. Obstetric history, parity, previous delivery
mode, last pregnancy duration, and the number of living children were predictors of
satisfactory EBF practices. Previous history of cesarean delivery [AOR = 0.239 (0.104-0.547),
p = 0.001] and having preterm infants [AOR = 0.846 (0.780-0.898), p = 0.000] decreased
the probability of satisfactory EBF practices, when taking vaginal delivery and a full-term
infant as a reference. Moreover, being multiparous increased the probability of satisfactory
EBF practices compared to primiparous mothers [AOR = 3.716 (1.214-16.290), p = 0.027].
Furthermore, an increase in the number of children by one increases the probability of
satisfactory EBF practices by 4.3 times [AOR = 4.317 (1.806-8.236), p = 0.000]. (Table 5).

Table 5. Binary logistic regression analysis of the demographic and obstetric history predictors of
satisfactory EBF practice (1 = 403).

Predictors EBF Practice

AOR (95% CI) 4
Occupational status
- Working Ref
- Housewife 13.341 (2.249-39.249) 0.004 *
Education 0.028
- Read and write Ref
- Secondary school 1.037 (0.964-1.116) 0.324
—  University or postgraduate 3.218 (1.861-10.682) 0.008 *
Husband’s education 0.621
- Read and write Ref
- Secondary school 0.958 (0.954-1.046) 0.652
- University or postgraduate 0.942 (0.964-1.133) 0.715
Monthly income 0.814
- Enough and can save Ref
- Enough 0.928 (0.363-2.372) 0.775
- Notenough 1.114 (0.393-3.163) 0.839
Parity
- Primiprous Ref
- Multiparous 3.716 (1.214-16.290) 0.027 *
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Table 5. Cont.

Predictors EBF Practice

AOR (95% CI) p
Mode of delivery
- Vaginal delivery Ref
- Cesarean section 0.239 (0.104-0.547) 0.001 *
Complications during last delivery
- Yes Ref
- No 1.169 (0.484-2.823) 0.729
Duration of pregnancy
- Full-term Ref
- Preterm 0.846 (0.780-0.898) 0.000 **
Age 1.267 (1.109-1.449) 0.001 *
Number of living children (mean 4 SD) 4.317 (1.806-8.236) 0.000 **

AOR: Adjusted Odd Ratio. CI: Confidence Interval. * significant at p < 0.05. ** significant at p < 0.001.

Binary logistic regression shows that all maternal ideation constructs were positive
predictors of satisfactory EBF practices. For the cognitive diminution of maternal ideation,
an increase in maternal knowledge [AOR = 5.96 (1.968-17.787), p = 0.002] and beliefs
[AOR = 1.76 (1.016-1.821), p = 0.033] increases the mother’s probability to practice satisfac-
tory EBF by 5.9 and 1.7 times, respectively. For the psychological dimension of maternal
ideation, an increase in self-efficacy [AOR = 1.877 (1.201-1.939), p = 0.000] of one degree
nearly doubled the probability of practicing EBF. For the social dimension, the husband’s
[AOR =1.612 (0.732-3.877), p = 0.038] and health care provider’s [AOR = 1.661 (1.066-4.016),
p = 0.047] influence increased the mother’s probability to have satisfactory EBF practice
when compared to having none. Lastly, a one-degree increase of injunctive [AOR = 4.132
(1.656-8.874), p = 0.000] and descriptive norms [AOR = 5.547 (2.018-10.815), p = 0.000]
increased the mother’s probability of practicing satisfactory EBF by 4.13 and 5.54 times,
respectively. Cox and Snell R-Square showed that the current model could predict 57.8% of
the satisfactory EBF practices (Table 6).

Table 6. Binary logistic regression analysis for the predictive relation of the maternal ideation model
on the satisfactory EBF practice (1 = 403).

Predictors EBF Practice
AOR (95% CI) 14
Cognitive - Knowledge 5.916 (1.968-17.787) 0.002 *
- Beliefs 1.76 (1.016-1.821) 0.033 *
Psychological Self-efficacy 1.877 (1.201-1.939) 0.000 **
Social Social influence 0.016 *
- Noone Ref
- Husband 1.612 (0.732-3.877) 0.038 *
- Mother-in-law 0.581 (0.268-1.268) 0.171
- Health care provider 1.661 (1.066-4.016) 0.047 *
Injunctive norms 4.132 (1.656-8.874) 0.000 **
Descriptive norms 5.547 (2.018-10.815) 0.000 **

—2 Log likelihood (357.778)

Cox and Snell R-Square (0.578) Nagelkerke R-Square (0.802)

AOR: Adjusted Odd Ratio. CI: Confidence Interval. * significant at p < 0.05. ** significant at p < 0.001.
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4. Discussion

Breastfeeding in Saudi Arabia is influenced by a range of religious and cultural fac-
tors [9]. In addition, the benefits of breastfeeding are undeniable and supported by the
Ministry of Health’s educational efforts. Therefore, the challenge is to achieve and maintain
satisfactory EBF practices, not only initiation. Satisfactory EBF practices were found among
approximately two-thirds of the current study participants, with a relatively high early
initiation rate among a large proportion of the study participants. However, there is a
discrepancy between a very high breastfeeding initiation rate within the first hour (85.1%)
and exclusive breastfeeding being continued only in 40.9% of cases, despite a generally
positive maternal approach to breastfeeding supported by Muslim religious beliefs. The
discrepancy between the early initiation rate and continuation of EBF can be explained by
two main factors. First, in MCH, numerous policies support early initiation of EBF within
one hour; therefore, early initiation of breastfeeding is an important task for healthcare
providers in the delivery room and must be documented in the patient record. The second
factor that may negatively affect EBF continuation is related to some traditions related to
breastfeeding, such as giving some herbal teas for baby colic. Significant people in the
woman’s social network may advise her to give some herbal remedies or complementary
bottle feeding during the first six months of life because they think that breast milk is insuf-
ficient [25]. Previous studies have reported the initiation rate to be high in different Saudi
regions, but the continuation rate is still much lower than recommended [26-28]. Saudi
women are guided by their religious beliefs to initiate breastfeeding but have challenges
with its continuation. Most Saudi women discontinued breastfeeding against their wishes
due to work and social barriers. It is worthy of note that in Saudi Arabia, the maternity
leave period is limited to only 45-70 days (1.5-2.3 months) by law, which is too short for an
employed mother to practice EBF for six months, which may force the mother to appoint
babysitters and make their EBF continuation a challenge. The social challenge for lactating
mothers who want to continue breastfeeding is how to handle social pressure and traditions
related to EBF. Their close relatives mostly advise them to give herbs or bottle-feed the
infant to promote better growth. Colostrum is fed to about two-fifths of the current study
participants, and EBF is practiced day and night. Saudi women were found to have good
knowledge about colostrum and reported a high preference to give only colostrum during
the first three days of the newborn’s life [29,30]. However, they may be pushed by baby
illness, maternal exhaustion, a lack of social support, and some traditions to give the baby
herbal drinks or formula milk and decrease the amount of colostrum feeding or avoid
feeding it at all. The women also reported giving bottle feeding with breastfeeding from
three months of age, and they reported insufficient breast milk or returned work as the
main factors for introducing bottle feeding [28,29]. Therefore, the factors associated with
EBF practices are multiple and complicated, containing cognitive, psychological, and social
dimensions, which are the main components of the maternal ideation model.

In the current study, maternal ideations play an important role in EBF practices, where
all maternal ideation constructs are positive predictors of satisfactory EBF practices. Specif-
ically for the cognitive domain, an increase in maternal knowledge and beliefs regarding
breastfeeding by one grade increases the women’s probability to practice satisfactory EBF
by 5.9 and 1.7 times, respectively. The maternal ideation role in breastfeeding was in-
vestigated by Anaba et al. in Nigeria. They reported on the important role of maternal
ideation in predicting E.P.F. practice. They added that various cognitive, emotional, and
social dimensions of maternal ideation significantly influenced the woman'’s breastfeeding
decisions. Maternal knowledge regarding breastfeeding benefits, appropriate timing, and
their beliefs regarding colostrum benefits (cognitive), women'’s breastfeeding self-efficacy
(emotional), and perceived breastfeeding norms (social) were the most significant predictors
of breastfeeding initiation in Nigeria [11].

Knowledge is well documented in previous national [31,32] and international stud-
ies [17,33,34] to be strongly linked to satisfactory EBF practices. The link between breast-
feeding knowledge and satisfactory EBF practices seems logical because if the woman has
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to adopt any behavior, she should have sufficient knowledge to fit in and gain harmony
with her previous mental schema. Therefore, many previous studies reported significant
improvements in EBF practices after an educational program [17,35]. Most studies that eval-
uated breastfeeding knowledge also evaluated beliefs and may explore the link between
breastfeeding knowledge and attitude [17,35]. This unique link presents the cognitive part
of maternal ideation as an important component of breastfeeding practices. A previous
study concluded that in an ambiguous situation that requires a decision, like EBF, there is
a unique mediating role for knowledge in belief formulation, which consequently affects
breastfeeding practice [36]. Saudi women'’s beliefs regarding breastfeeding are strongly
affected by religious instructions from the Holy Quran and Hadith. In the Holy Quran,
the infant is granted the right to breastfeed for two years; therefore, Muslim women have
positive beliefs regarding breastfeeding, even if there are barriers to it [9].

Psychological readiness for breastfeeding is an important pillar in achieving satisfac-
tory EBF practices, which reflects the importance of the psychological dimension of the
maternal ideation model [11]. Breastfeeding self-efficacy reflects the woman’s confidence
in her ability to exclusively breastfeed her infant, and it acts as an important modifiable
factor for satisfactory EBF practices. The current study showed that an increase of one
grade in the woman'’s breastfeeding self-efficacy score could nearly double the probability
of EBF practices. In this regard, Brockway et al. conducted a systemic review and meta-
analysis of eleven studies exploring breastfeeding self-efficacy’s role in EBF practices. They
found that a one-point increase in the breastfeeding self-efficacy score can increase the
probability of EBF by 10% compared with the control group [37]. In addition, breastfeeding
self-efficacy was identified as a golden factor associated with the early initiation and con-
tinuation of EBF [38]. Psychological parts of the maternal ideation model (breastfeeding
self-efficacy) represent the internal power that can help a woman use the available resources
and support systems to enhance her EBF practices. Therefore, there is a connection between
breastfeeding self-efficacy and the social part of the maternal ideation model.

The social part of the maternal ideation model incorporates social influence, injunctive
norms, and descriptive norms. Social influencers represent the mother’s support network,
and they, other than herself, influence her decision to practice EBF. In the current study,
husbands and health care providers’ support increased the women’s probability of having
satisfactory EBF practices when compared to having none. A previous interventional
study explored the role of husband support in breastfeeding practice. They found that
increasing the husband’s knowledge could improve the mother’s knowledge and attitude
toward EBE. On the other side, a motivated husband can provide physical and psycholog-
ical support to his wife and help her overcome breastfeeding challenges [39]. Therefore,
improving couples’ knowledge and attitude can significantly improve satisfactory EBF
practices. Another study elaborated that the husband’s role in breastfeeding is not limited
to his knowledge and attitude toward breastfeeding but also extended to women’s em-
powerment to provide satisfactory EBF practices. As the husband represents the power
source in Saudi families, his positive attitude and support of EBF practices can shape the
mother’s subjective criteria related to breastfeeding [40]. Healthcare providers are the first
influencers who can prepare the woman during pregnancy regarding breastfeeding and
help the woman during the postpartum period to initiate it early. In addition, they are
counselors, educators, and motivators for the woman for EBE. Healthcare providers can
also tailor and apply breastfeeding-friendly policies [28]. The role of health care providers
is not only limited to women’s education regarding breastfeeding; it also extends to the
husband, family, and the whole community. Healthcare providers conducted numerous
health education and counseling interventions to increase community awareness and social
support for breastfeeding. McFadden et al. explored the role of healthcare providers” sup-
port, education, and monitoring in EBF initiation and continuation. They concluded that
education, counseling, and continuous home visits by trained healthcare providers during
the antenatal and postnatal period significantly increased the percentage of satisfactory
EBF practices [41].
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Lastly, a one-degree increase in injunctive and descriptive norms increased women'’s
probability of satisfactory EBF practices by 4.13 and 5.54 times, respectively. The injunctive
norms evaluated the woman's trust in breastfeeding benefits for herself and her infant.
Descriptive norms evaluated the women'’s perceptions of community norms regarding
breastfeeding. Being a Muslim generates a positive perception and tradition regarding
breastfeeding anywhere and generates a descriptive norm that all Muslim women should
breastfeed their infants. Kamoun and Spatz conducted a study to investigate the Islamic
tradition’s influence on breastfeeding practice among African American Muslims in West
Philadelphia compared to non-Muslim African Americans. They concluded that Muslim
women have a higher perception of breastfeeding benefits for mothers and infants. Most
Muslim women have a positive attitude and higher breastfeeding self-efficacy [42]. The
present study results are also in line with Anaba et al., who reported a significant association
between E.P.F. practices and injunctive norms [11].

Breastfeeding is common among Saudi women but not exclusive. Saudi tradition
enforces the introduction of complementary feeding and traditional herbs for the infant.
Therefore, most women feed their infants, as reflected in their injunctive and descriptive
norms [43].

In conclusion, Cox and Snell R-Square showed that 57.8% of satisfactory EBF practices
could be predicted by the maternal ideation model for behavior change. Therefore, this
model needs to be considered while designing and implementing breastfeeding educational
interventions. The model tackles the most important cognitive (knowledge and beliefs), psy-
chological (breastfeeding self-efficacy), and social (social influences, injunctive norms, and
descriptive norms) dimensions that may significantly enhance EBF practices. Anaba et al.
recommended that the utilization of the maternal ideation model in breastfeeding programs
can promote more sustainability of positive breastfeeding practices [11].

Strengths and Limitations

This study discussed an important behavior change model that is rarely studied
concerning breastfeeding. The sample size was estimated based on a 95% confidence
interval, and a systemic random sampling procedure was used to engage the participants,
which improved the results” generalizability. The AOR was estimated to perfectly assess
the role of each predictor in satisfactory EBF practice and the role of each maternal ideation
construct. Yet, this research has some limitations. The data gathered in this study is self-
reported, which raises the potential for recall bias or the desire for social acceptance. In
addition, replication of the current study is important to compare the differences between
the different Saudi regions.

5. Conclusions

Around two-thirds of the study participants had satisfactory EBF practices with a rela-
tively high early initiation rate. The mother’s age, occupation, and education are significant
demographic variables for satisfactory EBF practices. Moreover, parity, previous delivery
mode, duration of the last pregnancy, and the number of living children were predictors of
satisfactory EBF practices. Furthermore, knowledge and beliefs under cognitive maternal
ideation, self-efficacy under psychological maternal ideation, injunctive and descriptive
norms, and social influence under social maternal ideation were positive predictors of
satisfactory EBF practices. The maternal ideation model could provide important insight
to healthcare providers, policymakers, and health program designers about important
modifiable and satisfactory EBF predictors.
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Abstract: Many factors have been found to correlate with satisfactory Exclusive Breastfeeding (EBF)
practices. The relationships between EBF practices and associated factors are complex and mul-
tidimensional; Breastfeeding Self-Efficacy (BSE) is the most important psychological factor that
may help the mother to overcome any expected barriers. This study investigates the determinants
of high breastfeeding self-efficacy among Saudi nursing mothers. Methods: This is a descriptive
cross-sectional study investigating the determinant of BSE among 1577 nursing mothers in primary
health centers in Najran City, Saudi Arabia. The study uses a cluster random sampling technique.
Data collection was performed from June 2022 to January 2023 using a self-reported questionnaire
that encompasses the Breastfeeding Self-Efficacy Scale—Short Form (BSES-SF), Gender Friendly
Breastfeeding Knowledge Scale (GFBKS), Iowa Infant Feeding Attitude Scale (IIFAS), and a basic
data questionnaire to assess women’s demographic factors and obstetric history. Results: The mean
score for all BSES-SF items was between 3.23-3.41, the highest mean score was in mothers who felt
comfortable breastfeeding with family members present (3.41 £ 1.06), and the lowest mean was
in mothers who could breastfeed their baby without using formula as a supplement (3.23 & 0.94).
The overall BSE score was high among 67% of the study participants. Binary logistic regression
showed that being a housewife, being highly educated, having breastfeeding experience, and being
multiparous are positive predictors for high BSE (p < 0.001). In addition, having adequate breast-
feeding knowledge and positive breastfeeding attitudes were positively associated with higher BSE
(p = 0.000). Conclusion: BSE can be predicted by modifiable predictors such as mothers” education,
working status, parity, breastfeeding experience, adequate breastfeeding knowledge, and positive
attitudes toward breastfeeding. If such predictors are considered during breastfeeding-related educa-
tional interventions, it could lead to more effective and sustainable effects in community awareness
regarding breastfeeding.

Keywords: breastfeeding; self-efficacy; knowledge; attitude; Saudi Arabia

1. Introduction

Breastfeeding is the first and most important step toward healthy infants and com-
munities. The World Health Organization recommends exclusive breastfeeding for the
first 6 months of life, followed by the appropriate introduction of complementary foods
with continued breastfeeding to two years and beyond [1]. Breastfeeding has evidence-
based and well-known short- and long-term benefits for mothers and infants. Breast-milk
composition is continually changed from one feed to another to meet the infant’s body
requirements. Human milk contains easily digested proteins such as glycoproteins, en-
zymes, and endogenous peptides, which help enhance immunity, cognitive development,
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and gut maturation, promote healthy infant development, and support healthy microbial
colonization [2]. Furthermore, the fat in human milk is an essential source of energy and a
facilitator of cell functions [3]. Long-term benefits of human milk include decreased risk
for asthma [4], gastrointestinal infections, and adult diabetes [5]. For mothers, breastfeed-
ing helps rapid weight loss [6], delayed fertility [7], and decreases the risk of diabetes,
cardiovascular diseases, elevated blood cholesterol, and some types of cancers [8].

Despite the well-known benefits of breastfeeding, its rate is still much lower than
expected. The World Health Organization stated that less than half of infants worldwide
have EBF during the first six months of life [1]. The range of EBF in Saudi Arabia is
much lower than reported by WHO and varies by region. EBF ranged from 0.8 to 43.9%
according to a systemic review that surveyed 17 studies [9]. Many factors were found
to be correlated with satisfactory EBF practices. In addition, the relationships between
EBF practices and associated factors are complex and multidimensional; BSE is the most
important psychological factor that may help the mother overcome any expected barriers
and may correlate to other EBF-associated factors [10].

The term ‘breastfeeding self-efficacy” (BSE) was first coined by Dennis in 1999 and
is defined as maternal self-confidence in her ability to practice and master breastfeeding
satisfactorily [11]. The research on breastfeeding has shown improvement in breastfeeding
practices due to high BSE and has identified it as an essential factor in maternal ideation
behavior regarding EBF [12,13]. If a woman has high BSE, she will make greater effort
and demonstrate increased persistence to improve her breastfeeding practice, including
searching for breastfeeding knowledge and seeking support from the health team and sig-
nificant others. She will also work to overcome perceived barriers or challenges restricting
her ability to breastfeed her infant satisfactorily [10]. Women with low BSE are three times
more prone to terminate breastfeeding early [14].

Likewise, conclusions of previous systematic reviews reported a positive predictive
relation between BSE and breastfeeding initiation and continuation. In addition, interven-
tions to improve BSE improved breastfeeding initiation and continuation at one and two
months postpartum [15,16]. Although numerous studies have investigated the association
between BSE and breastfeeding practices, the relationship between the two variables still
needs to be completely understood. Some international studies investigated the predictors
of BSE during the immediate postpartum period or pregnancy [17-19]. However, few stud-
ies have investigated BSE among Saudi women during pregnancy [20,21]. No published
studies have investigated BSE during the first six months of an infant’s life, which is the
most critical period in the breastfeeding span. Therefore, determining the BSE predictors
during the first six months of life is crucial in anticipating breastfeeding initiation and
continuity over time. Consequently, the current study investigates the determinants of high
breastfeeding self-efficacy among Saudi nursing mothers.

2. Materials and Methods
2.1. Study Design and Setting

A descriptive cross-sectional study was conducted in four primary healthcare centers
in Najran City, Saudi Arabia. Najran City is the largest city and capital of the Najran region.
Najran region lies in southwestern the border with Yamen. The Najran population has
numerous traditions and health beliefs related to breastfeeding, which may positively or
negatively influence infant feeding practices. Najran City contains thirteen major primary
health centers affiliated to the Ministry of Health [22].

2.2. Study Participants

The inclusion criteria were nursing mothers, with a child aged one day to less than six
months, an absence of any breastfeeding contraindications such as HIV, or any condition
that may hinder the continuity of EBF or affect milk production such as breast augmentation,
lift, or reduction, or nipple surgery, aged 18 years or over, literate, and willing to participate
in the study.
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2.2.1. Sample Size Determinations and Sampling Procedures

The sample size was calculated based on the following formula:

df)(P)Px Q  (4)(1.96)%0.5 x 0.5
d? B (0.05)%

= 1536

where 1 = sample size, df = design effect of cluster sampling, = the parameter related to the
precision of obtaining the largest sample size (1.96 for an error risk of 5%) where the normal
curve cuts off an area at the tails (the desired confidence level is 95%), p = expected preva-
lence of high BSE, g =1 — p the expected proportion of moderate or low BSE, d = maximum
tolerable error (the desired level of precision). The sample size was 1689, after adding 10%
to compensate the anticipated sample loss or non-response rate.

Najran City contains thirteen primary health centers; the researchers randomly selected
30% of the primary health centers (4 centers). The total sample size of 1689 was divided
equally among the four primary health centers (422 participants from each center). In
each center, all clinics dealing with children aged from 1 day to less than six months were
included in the study. A proportional sample based on the follow-up rate was selected in
each clinic, using the convenience sampling technique. The clinic nurse acted as a facilitator
during the sampling process. Eight data collectors were distributed in the four centers (two
in each center). Data collection took place from June 2022 to January 2023, three days per
week from 9 a.m. until 2 p.m.

The study participants were allocated according to Figure 1.

58 declined contributions.
1689 participants were > 27 were excluded due to unhealthy
interviewed. infants (Hospitalized in neonatal
intensive care unit during the first six
months of age)
v
1604 completed self- 27 were excluded because

administrated questionnaires. of incomplete data.

\ 4

1577 Questionnaires were analyzed.

Figure 1. Participant flow chart.

2.2.2. Study Variables

The study’s dependent variable was BSE, and the independent variables were women'’s
demographic characteristics, obstetric history, previous breastfeeding experience, breast-
feeding knowledge, and attitude.

2.3. Study Measurement Tools

BSE was evaluated using BSES-SF, developed by Dennis to assess breastfeeding confi-
dence among puerperal women. The BSES-SF was rated on a 5-point Likert scale ranging
from 1 (not at all confident) to 5 (always confident). The total scale score ranged from
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14-70, classified as low self-efficacy from 14-42 and high self-efficacy from 43-70. Based
on the study by Amini et al., the BSES-SF had good internal consistency (r = 0.910) [23].
The psychometric analysis of the BSES-SF Arabic version was tested in the United Arab
Emirates and revealed a highly reliability measure (x = 0.95) [24].

The maternal breastfeeding knowledge was evaluated using the Gender Friendly
Breastfeeding Knowledge Scale (GFBKS), created by Gupta et al. It comprised 18 statements
rated on a 5-point Likert scale (scored as 1 = false, 2 = maybe false, 3 = don’t know,
4 = maybe true, 5 = true). The GFBKS content validity was more than 0.80. The total scale
score ranged from 18 to 90; the score for inadequate knowledge was 18-54, and adequate
knowledge was from 55-90 [25]. The GFBKS Arabic version was validated by Tamim et al.
and showed acceptable internal consistency (0.652) [26].

The Iowa Infant Feeding Attitude Scale (IIFAS) was utilized to evaluate women’s
attitudes to breastfeeding. IIFAS was created by De la Mora et al., and contains 17 items
ranked on a 5-point Likert scale, from 1 (strongly disagree) to 5 (strongly agree). Overall
ITFAS scores ranged from 17 to 85; each woman was considered to have a negative (17-51)
or positive attitude (52-85) based on her score. IIFAS items’ internal consistency ranged
from 0.85 to 0.86 [27]. Charafeddine et al. assessed the psychometric properties of the
ITFAS Arabic version with a sample of Lebanese women and found acceptable internal
consistency (0.640) [28]. The scale was also validated in a study on Saudi pregnant women;
the Cronbach alpha was 0.595 [29].

The researchers developed a basic data questionnaire to evaluate the women’s demo-
graphic characteristics and obstetric history. Demographic data include age, occupation,
residency, monthly income, and women’s and their husbands’” education. Obstetric history
included gravidity, parity, number of living children, duration of pregnancy, complications
during the most recent pregnancy and delivery, mode of delivery for the most recent child,
and breastfeeding experience.

2.4. Data Collection Procedures and Technique

Data collection w from June 2022 to January 2023, three days weekly from 9 am until
2 pm. The data collection team comprised eight trained data collectors with previous
experience in data collection. The data collectors were present in the waiting room in
each clinic to identify the eligible participants based on the inclusion criteria. For each
eligible participant, the data collector explained the study purpose and participant’s role
and obtained informed consent. A self-administered questionnaire was completed in the
presence of the data collector. The data collector’s role was to answer queries, clarify any
concerns, and ensure data completeness in the questionnaire.

2.5. Data Quality Control

The data collectors have bachelor’s degrees in nursing and previous data collection
experience. Before data collection, the research team held two training sessions for the data
collectors. The first session explained the research proposal, procedure, and ethics. At the
end of the session, a copy of the data collection instrument was given to the data collectors
to read before the next meeting. In the next session, one of the researchers provided a
complete explanation of the questionnaire and clarified any queries. After data collection
and during data entry, 27 questionnaires containing missing data were excluded from
the analysis.

2.6. Ethical Approval

After research proposal approval from the deanship of scientific research, the pro-
posal and data collection tools were assessed and approved by the Najran health affairs
ethical committee; ethical approval 2023-02 E. Permission to start data collection was also
obtained from the MCH administration. Informed consent was taken from each mother
before starting data collection. Participant anonymity was applied, and data were utilized
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only for research purposes. The participants were informed about their rights to decline
participation without any penalties or consequences for the care provided.

2.7. Data Analysis

Data analysis was performed using Statistical IBM, version 23 (IBM Corp., Armonk,
NY, USA)'". Data were described using numbers, percentages, means, and standard devi-
ation. The total BSE, knowledge, and attitude scores were obtained by summing items.
Chi-square (X?) and Fisher exact tests (FET) were used to test group differences. Predictors
of high BSE were examined through binary logistic regression. All the independent vari-
ables were categorical, and the first category was considered a reference. All factors were
analyzed for multicollinearity in the regression model. The final model was checked with
the Cox and Snell R-square goodness-of-fit test. Results were judged statistically significant
atp <0.05.

3. Results

The frequency distribution of nursing mothers by demographic characteristics and
overall breastfeeding self-efficacy scores are illustrated in Table 1. More than three-quarters
(78.8%) of the nursing mothers were between the ages of 20-35, and the majority (93.6%)
were urban residents. More than half (55.9%) were housewives, and 51.4% reported
insufficient family income. Regarding mothers” and their husbands” education, 55.0%
and 66.6% had a university education, respectively. BSE was significantly high among
housewives and university-educated mothers (p = 0.000).

Table 1. Frequency distribution of the nursing mothers by demographic characteristics and overall
breastfeeding self-efficacy score.

Total Sample Breastfeeding Self-Efficacy

Variables N = 1577 Low n = (520) High n = (1057) X2/FET 4
n % n % n %

Age (years)
— <20 79 5.0 34 6.5 45 43 3.835 0.147
—  20-35 1242 78.8 404 77.7 838 79.3
— >36 256 16.2 82 15.8 174 16.5

Residence 0.081 0.775
— Rural 101 6.4 32 6.2 69 6.5
— Urban 1476 93.6 488 93.8 988 93.5

Occupational status 51.462 0.000 **
— Employee 696 441 296 56.9 400 37.8
— Housewife 881 55.9 224 43.1 657 62.2

Education 542.085 0.000 **
—  University education 867 55.0 198 38.1 669 63.3
— Secondary education 375 23.8 51 9.8 324 30.7
— Read and write 335 21.2 271 52.1 64 6.1

Husband education 3.267 0.195
—  University education 1050 66.6 353 67.9 697 65.9
— Secondary education 487 30.9 159 30.6 328 31.0
— Read and write 40 2.5 8 15 32 3.0
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Table 1. Cont.

Total Sample

Breastfeeding Self-Efficacy

Variables N =1577 Low n = (520) High n = (1057) X2/FET 4
n % n % n %
Monthly income 5.445 0.066
—  Sufficient and save 197 12.5 65 12.5 132 12.5
— Sufficient 810 514 247 47.5 563 53.3
— Insulfficient 570 36.1 208 40.0 362 34.2
X2: Chi-square FET Fisher exact tests ** significant at p < 0.001.
Approximately one-third (32.1%) of the nursing mothers breastfed exclusively, and
32.3% were primiparas. Around two-thirds (66.9%) delivered vaginally, and 19.7% re-
ported complications during the most recent delivery. Concerning the participants’ overall
knowledge and attitudes toward BF, more than half (60.2%) had adequate breastfeeding
knowledge and 56.9% had a positive breastfeeding attitude. Moreover, exclusive breast-
feeding, parity, adequate knowledge, and positive attitude were associated with higher
BSE (p = 0.000) (Table 2).
Table 2. Frequency distribution of nursing mothers by breastfeeding experience, obstetric history,
overall breastfeeding knowledge, attitude, and self-efficacy scores.
Total Sample Breastfeeding Self-Efficacy
Variables N = 1577 Low n = (520) High n = (1057) X2/FET P
n % n % n %
breastfeeding experience 15.085  0.000 **
- Exclusive 506 32.1 133 25.6 373 35.3
- Nonexclusive 1071 67.9 387 74.4 684 64.7
Parity 64.942  0.000 **
- Primiparous 510 323 228 43.8 282 26.7
- Multiparous 1067 67.7 292 56.2 775 733
Mode of delivery 0.804 0.370
- Vaginal delivery 1055 66.9 340 65.4 715 67.6
- Cesarean section 522 33.1 180 34.6 342 324
Complications during the last delivery 2.017 0.165
- No 1266 80.3 428 82.3 838 79.3
- Yes 311 19.7 92 17.7 219 20.7
Duration of pregnancy for the last child 2.469 0.116
- Full-term 1430 90.7 463 89.0 967 91.5
- Preterm 147 9.3 57 11.0 90 8.5
Overall knowledge 124.376  0.000 **
- Inadequate (18-54) 628 39.8 309 59.4 319 30.2
- Adequate (55-90) 949 60.2 211 40.6 738 69.8
Overall attitude 96.397  0.000 **
- Negative (17-51) 680 43.1 315 60.6 365 34.5
- Positive (52-85) 897 56.9 205 39.4 692 65.5

X?: Chi-square FET Fisher exact tests ** significant at p < 0.001.
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The mean scores and standard deviation of BSES-SF items among nursing mothers are
represented in Table 3. The overall mean BSES-SF score was 51.31 £ 10.79, with the mean
score ranging from 3.23-3.41 for all BSES-SF items. As shown in the table, the highest mean
score was for mothers who felt comfortable breastfeeding with family members present
(3.41 £ 1.06), and the lowest mean was in mothers who could breastfeed their baby without
using formula as a supplement (3.23 £ 0.94).

Table 3. Mean scores and standard deviation of BSES-SF items among nursing mothers.

BSES-SF Items Mean SD
1. Determine that my baby is getting enough milk 332 095
2. Successfully cope with breastfeeding as I have with other challenging tasks ~ 3.37  0.90
3. Breastfeed my baby without using formula as a supplement 323 094
4. Ensure that my baby is properly latched on for the whole feeding 333 099
5. Manage the breastfeeding situation to my satisfaction 330  1.05
6.  Manage to breastfeed even if my baby is crying 325 097
7. Keep wanting to breastfeed 3.38 1.07
8. Comfortably breastfeed with my family members present 341 1.06
9.  Be satisfied with my breastfeeding experience 3.28 1.11
10.  Deal with the fact that breastfeeding can be time-consuming 340  1.05
11.  Finish feeding my baby on one breast before switching to the other breast ~ 3.31 1.09
12.  Continue to breastfeed my baby for every feeding 3.24 1.09
13.  Manage to keep up with my baby’s breastfeeding demands 3.26 1.07
14.  Tell when my baby is finished breastfeeding 3.24 111
Overall mean of the BSES-SF score 51.31  10.79

Table 4 presents the binary logistic regression analysis of high BSE predictors. Occu-
pational status was significantly associated with high BSE. Housewives had a 1.6 times
higher probability of having high BSE (AOR 1.686; 95% CI 1.23-2.30, p = 0.001) when
taking employed mothers as a reference. Educational level was also a significant predic-
tor of high BSE. Higher odds ratios were found in mothers who had received university
(OR 69.474; 95% CI 39.52-122.11, p = 0.000) and secondary education (OR 45.140; 95% CI
27.95-72.88, p = 0.000) compared with mothers who only could read and write. Further-
more, breastfeeding experience was significantly associated with high BSE. A mother who
breastfed exclusively had a 5.9 times higher probability of having high BSE (OR 5.949;
95% CI1.35-26.10, p = 0.000) compared with non-exclusively breastfeeding mothers. In
addition, multiparous mothers had a 3.1 times higher probability of having high BSE (OR
3.170; 95% CI 1.96-5.120, p = 0.000) when compared with their primiparous counterparts.
Finally, having adequate breastfeeding knowledge and positive attitudes were positively
associated with higher BSE (OR 2.769; 95% CI 1.88-4.064, p = 0.000; and OR 4.803; 95% CI
2.60-8.85, p = 0.000, respectively).

Table 4. Binary logistic regression analysis of high BSE predictors.

High Breastfeeding Self-Efficacy

Predictors AOR (95% CI) v
Age (years) 0.167
— <20 Ref
—20-35 0.630 (0.18-2.12) 0.456
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Table 4. Cont.

High Breastfeeding Self-Efficacy

Predictors AOR (95% CI) v
— >36 0.591 (0.34-1.02) 0.059
Residence
— Rural Ref
— Urban 0.844 (0.48-1.48) 0.556
Occupational status
— Employee Ref
— Housewife 1.686 (1.23-2.30) 0.001 *
Education 0.000 **
— Read and write Ref
— Secondary education 45.140 (27.95-72.88) 0.000 **
— University education 69.474 (39.52-122.11) 0.000 **
Husband education 0.223
— Read and write Ref
— Secondary education 1.180 (0.32-4.30) 0.803
— University education 0.857 (0.24-3.01) 0.810
Monthly income 0.055
— Insufficient Ref
— Sufficient 0.965 (0.69-1.33) 0.830
— Sufficient and save 1.909 (1.09-3.33) 0.033 *
breastfeeding experience
- Nonexclusive Ref
- Exclusive 5.949 (1.35-26.10) 0.000 *
Parity
- Primiparous Ref
- Multiparous 3.170 (1.96-5.120) 0.000 **
Mode of delivery
- Vaginal delivery Ref
- Cesarean section 1.090 (0.77-1.532) 0.622
Complications during the last delivery
-No Ref
- Yes 0.612 (0.34-1.10) 0.102
Duration of pregnancy for the last child
- Full-term
- Preterm 1.095 (0.28-4.160) 0.894
Overall knowledge
- Inadequate (18-54) Ref
- Adequate (55-90) 2.769 (1.88-4.064) 0.000 **
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Table 4. Cont.

High Breastfeeding Self-Efficacy

Predictors AOR (95% CI) v
Overall attitude
- Negative (17-51) Ref
- Positive (52-85) 4.803 (2.60-8.85) 0.000 **
-~ Cox and Snell R Nagelkerke R
—2 Log likelihood (1263.883) Square (0.374) Square (0.519)

AOR: Adjusted odds ratio, CI: confidence interval, * significant at p < 0.05, ** significant at p < 0.001.

4. Discussion

The present study findings reveal that approximately two-thirds of the nursing moth-
ers had a high BSE. The significant determinants of high BSE included high educational
level, being a housewife, having adequate knowledge, and having positive attitudes re-
garding breastfeeding. Multiparous mothers and mothers who had previously exclusively
breastfed their babies also had a high BSE. The current study findings can help health
professionals and decision-makers to design and implement supportive interventions to
improve maternal BSE. Increasing BSE will facilitate and accelerate the improvement of
breastfeeding practices for the benefit of nursing mothers and their infants.

In the present study, the overall mean BSES-SF scores of 1577 Saudi nursing mothers
were moderate, with a mean score of 51.31 + 10.79 out of 70. The results indicate that
Saudi nursing mothers are confident in breastfeeding their infants. Along the same lines, a
cross-sectional study was conducted by Khresheh and Ahmad to evaluate the associated
demographic variables of BSE among pregnant participants in Saudi Arabia. Their results
indicated moderate to relatively high averages for a prenatal BSE scale of 70 out of 100.
They also added that BSE is a significant variable affecting breastfeeding practice [21].

Similar mean scores were also reported among other participants in international
studies using the same instrument: 50.80 & 8.91 in Iran [23] and 49.7 in Cyprus [30]. In
contrast, the BSE mean was much higher in Turkey (55.13 + 8.39) than was documented in
the current study [31], while a lower BSE mean (47.3 £ 10.50) was reported in China [32].
Among the aforementioned studies, the research by Mercan et al. [31] evaluated BSE in the
first 42 days of the postpartum period. The research by Ip et al. [32] conducted a longitudinal
cohort study and followed up to six months after delivery. The differences between the
current study and the aforementioned studies may be attributed to the differences between
the studies” designs and the data collection period.

This study revealed that a higher educational level significantly affected the BSE scale
score. There is no doubt that educational level greatly affects breastfeeding knowledge and
awareness. A high educational level may enhance BSE, empowering the mother in terms of
health-seeking behavior and health education. Prior studies emphasized the important role
of a high educational level in raising women’s BSE and consequently enhancing successful
breastfeeding practices [33,34]. In addition, cross-sectional surveys conducted in Taiwan
suggested that educational level was positively associated with an increased likelihood of
BSE, particularly among university-educated mothers [35].

According to Bandura’s self-efficacy theory, if a person has good experience, their
expectations will be higher [36]. In the current study, multiparous mothers with experi-
ence of exclusive breastfeeding had a higher probability of high BSE. According to Elgzar
et al., previous experience of motherhood may initiate internal confidence in infant
care and consequently shape maternal ideation behaviors regarding breastfeeding [37].
In several studies, higher BSE was related to previous positive breastfeeding experi-
ences [37-39]. In addition, multi-parity was associated with successful breastfeeding
among Saudi mothers in Al Hassa City [40]. The mediating role of BSE in successfully
initiating and continuing breastfeeding practices has been documented in national and
international studies [21,41-43].
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Another important finding was the significant association between employment sit-
uation and the BSE score. Our findings revealed that housewives were 1.6 times more
likely to have a high BSE compared with working mothers. This result was similar to other
studies where working mothers outside their homes had low BSE and high barriers to
optimal breastfeeding practices [44,45]. In addition, a recent qualitative study in Saudi
Arabia showed that workplace policies and short periods of maternity leave (45-70 days)
were connected with working mothers’ early introduction of supplementary feeding or
early weaning [46]. Therefore, it is necessary to establish supportive rules to ensure that
breastfeeding breaks for working nursing mothers are available in the workplace. An
Ethiopian study reported that increasing the period of breastfeeding leave from work
and establishing childcare centers near workplaces significantly improved breastfeeding
practices among employed mothers [47].

The present study found that adequate breastfeeding knowledge and positive attitudes
predict higher BSE. At a national level, a recent Saudi study showed that mothers with
gestational diabetes mellitus who had good breastfeeding knowledge were more likely to
have higher BSE [33]. The significant role of knowledge in the current study indicates the
importance of promoting strategies to improve nursing mothers’ breastfeeding awareness
and self-efficacy. Previous international studies have reported the benefits of educational
interventions for enhancing mothers” BSE and breastfeeding rates [13,48]. Consistent
with prior studies [18,49], positive attitudes toward breastfeeding among nursing mothers
were also significantly linked with higher BSE in the present study. Attitude toward
breastfeeding has also been recognized as a predictor of breastfeeding behavior among
women in Western Saudi Arabia [50]. Thus, educating pregnant and postpartum mothers
to improve their knowledge and develop positive attitudes toward breastfeeding may
enhance BSE and improve breastfeeding practices among women in Saudi Arabia.

Strengths and Limitations

Our study has numerous strengths. A large sample size acquired using a random clus-
ter sampling technique provides sufficient power to analyze the role of various predictors of
BSE. Furthermore, this is the first study in Saudi Arabia to investigate the determinants of
BSE in nursing mothers of babies under six months of age. Some limitations are also worthy
to be mentioned. The current data were collected using a self-reported questionnaire, which
may be susceptible to recall bias. In addition, it was not effectively possible to apply a
random sampling technique to select the participants from each primary health center;
therefore, we used a convenience sample.

5. Conclusions

The current study found that mothers’ education, working status, parity, breastfeeding
experience, adequate breastfeeding knowledge, and positive attitudes were predictors
of BSE. If such predictors are considered during breastfeeding-related educational inter-
ventions, it could lead to more effective and sustainable effects in community awareness
regarding breastfeeding. Despite the great efforts made by the Saudi Ministry of Health
to raise community awareness regarding breastfeeding, multifaceted breastfeeding edu-
cational interventions, counseling, and support are needed to improve mothers’ BSE and
thereby enhance proper breastfeeding practices.

Author Contributions: Conceptualization, D.D.A.-T. and H.A.I; methodology W.T.E.; software,
D.D.A.-T,; validation, M.A.A. and H.A L; formal analysis, H.A L; investigation, D.D.A.-T.; resources,
M.A.A ; data curation, D.D.A.-T.; writing—original draft preparation, W.T.E.; writing—review and
editing, H.A.L; visualization, M.A.A.; supervision, M.A.A.; project administration, D.D.A.-T.; funding
acquisition, D.D.A.-T. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by the Deputy for Research and Innovation- Ministry of Educa-
tion, Kingdom of Saudi Arabia, grant number NU/IFC/2/MRC/-/4 And The APC was funded by
D.D.A-T.

31



Nutrients 2023, 15, 1919

Institutional Review Board Statement: Upon approval of the research proposal from the deanship
of scientific research, the proposal and data collection tools were evaluated by the Najran health
affairs ethical committee before starting data collection; ethical approval IRB log number 2023-02 E.
Clearance to perform the study was obtained from the MCH administration.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Data will be made available by the corresponding author upon reason-
able request.

Acknowledgments: The authors would like to acknowledge the support of the Deputy for Research
and Innovation- Ministry of Education, Kingdom of Saudi Arabia, for funding this research through
a grant (NU/IFC/2/MRC/-/4) under the Institutional Funding Committee at Najran University,
Kingdom of Saudi Arabia.

Conflicts of Interest: The authors declare no conflict of interest.

Abbreviations

AOR Adjusted odds ratio

EBF Exclusive breastfeeding

GFBKS  Gender-Friendly Breastfeeding Knowledge Scale
BSES-SF  Breastfeeding Self-Efficacy Scale—Short Form
BSE Breastfeeding self-efficacy

ITFAS Iowa Infant Feeding Attitude Scale
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Abstract: The practices of colostrum avoidance and prelacteal feeding, which are common in many
developing countries, including Ethiopia, are firmly rooted in ancient traditions. The main objective
of this work is to identify the prevalence of colostrum avoidance and study its associated factors
among mothers of children aged less than 2 years old in the Oromia region of Ethiopia. A cross-
sectional study on the practice of colostrum avoidance/prelacteal feeding was conducted in a rural
community with 114 mothers of children under 2 years old. Our results reflected that colostrum
avoidance and prelacteal feeding were practiced by 56.1% of mothers. The percentage of women who
started breastfeeding in the first hour after birth, as recommended by the WHO, was 2.6%. Of the
women who practiced colostrum avoidance, 67.2% gave birth at home, and 65.6% were attended by
relatives. The likelihood of avoiding colostrum increases in mothers who have a lower educational
level, who did not receive health care at the time of delivery, who think that colostrum is dirty and
dangerous and who did not receive information about breastfeeding from healthcare professionals.
The knowledge emanating from this work may be useful in designing new breastfeeding education
programs and/or interventions in Ethiopia and other developing countries.

Keywords: colostrum; breastfeeding; prelacteal feeding; Ethiopia

1. Introduction

Breastfeeding is an essential practice of optimal nutrition in the early life of a child and
one of the most important factors for child survival and the prevention of childhood infec-
tions [1]. The World Health Organization (WHO) recommends that infants be exclusively
breastfed for the first six months of life [2]. Exclusive breastfeeding is defined as giving no
food or drink, not even water, except breastmilk [2]. The optimal breastfeeding practice
includes initiation within the first hour after birth and continued breastfeeding for up to
two years [3,4]. Colostrum is the first secretion produced by the mammary gland after
childbirth, is available to the neonate in the first two to three days following birth [2] and is
sometimes referred to as “golden milk” [5] due to its nutritional properties as a complete
form of nutrition for newborns. It has been shown to be a protective factor against child-
hood malnutrition [6] and to deliver natural immunity against many bacteria and viruses by
establishing microbiota in the newborn’s gut [7,8]. Colostrum avoidance, which is defined
as discarding colostrum within the first three days postpartum and entails the delayed
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initiation of breastfeeding, pumping and discarding colostrum, and/or wet nursing [9],
deprives the neonate of nutrients and immunoglobulins, causing a reduction in the priming
of the gastrointestinal tract and increasing the risk of infant morbidity and mortality [10].
Colostrum avoidance is a common practice in many developing countries of the world [11],
including Ethiopia [9]. In Ethiopia, colostrum and breast milk are considered two distinctly
separate substances known, respectively, as ‘inger” and ‘yetut wotet’, and women will wait
until they observe the characteristics of ‘yetut wotet’ to start breastfeeding [9]. During this
period between birth and the establishment of breastfeeding, during which colostrum or
‘inger’ is discarded, a practice known as prelacteal feeding takes place. Prelacteal feeding,
known in Amharic as ‘makamesha’, is the practice of feeding the child any solid or liquid
foods other than breast milk during the first three days after birth [12]. Some of the solid
foods given to the newborns include ‘injera’, ‘shiro’, ‘genfo’ and ‘faffa’. The basis of any
Ethiopian meal is a teff flour flatbread named ‘injera or enjera’. ‘Shiro’ is a dish prepared
with chickpea flour, water, oil, onions and a spice called ‘berbere’, which is very commonly
used in Ethiopia. ‘Genfo’ is the Amharic name given to a breakfast porridge, and ‘faffa’ is a
mix of fortified corn and soya bean flours used to supplement the diet of children suffering
from malnutrition. It is estimated that 90% or more of children under ten years old are
multidimensionally poor in Ethiopia [13]. Rural areas are particularly disadvantaged due
primarily to their lack of access to safe drinking water, sanitation and/or electricity. Most of
the inhabitants of these areas suffer from poor nutrition, repeated infection and inadequate
psychosocial stimulation given to the lack of access to education making it particularly
difficult to achieve an improvement of the situation [14]. The aim of this study was to
identify the prevalence of the breastfeeding-related practice of colostrum avoidance and
study its associated factors among mothers of children aged less than two years old in two
rural villages of the Oromia region of Ethiopia.

2. Materials and Methods
2.1. Research Design

This cross-sectional community-based study carried out in two rural Ethiopian villages
was approved by the Ethics Committee of Research in Humans of the Ethics Commission
in Experimental Research of the University of Valencia (Register code: 1256147). It is
in line with the ethical principles established by the Declaration of Helsinki [15], the
U.S. National Bioethics Advisory Commission [16] and the European Commission [17].
It also follows the International Compilation of Human Research Standards applied to
Ethiopia based on Proclamation 60/1999 (Section 21) and National Health Research Ethics
Review Guidelines [18]. The design of the study is in line with its objective of determining
the prevalence of colostrum avoidance and detecting associated factors. This work has
been prepared in accordance with the STROBE guidelines for observational studies [19].
All the women participating in this study were recruited under the same inclusion and
exclusion criteria. They were all interviewed in their homes following the same previously
established protocol. The same interview questionnaire was used, which allows us to
calculate the prevalence of the different variables studied. Subsequently, participants were
stratified by WHO recommendations on the initiation of breastfeeding and the practice of
prelacteal feeding. Those women who rejected colostrum in their lactation and practiced
prelacteal feeding were considered the avoidance group, and those who did not reject
colostrum during lactation and did not practice prelacteal feeding were considered the
non-avoidance group. The outcome variable was colostrum avoidance during the early
breastfeeding period.

2.2. Setting and Relevant Context

This study was carried out, in collaboration with The Missionary Community of Saint
Paul the Apostle (MCSPA) [20], and the Spanish NGO MOS SOLIDARIA (MOSS) [21],
in the villages of Andode and Muke Turi where MCSPA operates. Andode is found in
the Anger Guten Valley in the Gida-Kiremu district of the Oromia region, 331 km from
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Addis Ababa. Muke Turi is in the North Shoa region, 78 km northeast of Addis Ababa,
and populated mainly by the Oromo ethnic people. The MCSPA has implemented a
comprehensive program for development in the area comprising 3 health posts (Angar,
Andode and Fite Bako) that care for an estimated 12,000 people and 3 nurseries (Guten,
Gida and Andode) for around 450 children. It also runs the “Saint Joseph Mother and Child
Center” in Muke Turi and a Nutritional Unit in Andode, where around 450 children 4 to
6 years old receive 2 nutritious meals per day, medical care and reading and writing lessons.

2.3. Participants

A sample size calculation was performed using the following values: 95% confidence
level, 5% margin of error, 10% population proportion and 500 for population size. The
value for the population proportion was chosen taking into consideration the prevalence of
colostrum avoidance reported in previous studies in Ethiopia, and the population number
is an estimation of the number of women of child-bearing age made using information
collected by the MCSPA as no official demographic data for Andode and Muke Turi are
available. The necessary sample was 109 women. The households that had potentially eli-
gible study participants were identified by the MCSPA using the health extension workers’
logbook. This helped to identify the initial convenience sample of woman that could meet
the inclusion criteria of having a live child under 2 years of age and the exclusion criteria of
not having given informed consent, providing unreliable responses and/or missing 30%
of the responses. Once all potentially eligible women were identified from the popula-
tion records kept by the MCSPA, a systematic random sampling technique (women that
attended the MCSPA posts for any reason on days the project collaborators were present
in each village) was used to choose which women would be invited to participate. The
total number of potential participants (women of child-bearing age) was around 500; the
actual number of women with a live child under 2 years of age is unknown as, as stated
previously, no official demographic data are available for the studied populations. A total
of 114 women were invited to participate in the study. All women invited to participate in
the study accepted the offer, and, therefore, 114 mothers who had children aged less than
2 years old were included in the study. Participation was around 23%, which is about what
was expected, taking into consideration previous experiences with this population.

2.4. Data Collection

Data were collected in situ in November 2020 by project collaborators from the Univer-
sity of Valencia with the aid of MCSPA, MOSS and local collaborators that served mainly as
translators. Collection took place after the women were attended by the MCSPA and MOSS
in a room ceded by the MCSPA within their installations in both villages for this specific
purpose. A semi-structured questionnaire, which was not pre-tested, was used for data col-
lection. It was created specifically for this study after reviewing the experiences of the local
collaborators, the currently available literature on the topic and the possible association
of breastfeeding practices with infant malnutrition. This questionnaire was administered
during an individual face-to-face 30 min interview with the mothers. All possible par-
ticipants were informed about the objectives of the study and the data confidentiality
standards and had informed consent documents verbally translated by a native Ethiopian
translator fluent in English and Amharic. For the women unable to write, an ink-stained
fingerprint was used to indicate their agreement to the informed consent document in place
of a signature. An identification number was given to every participant and collected data
were anonymized in order to ensure confidentiality. Completed questionnaires were kept
at all times by the collaborators from the University of Valencia in secure conditions (locked
box) and are now stored under lock and key at the University of Valencia.
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2.5. Measurement

The aim of the questionnaire was to collect data on if the mothers received antenatal
care and/or infant nutritional guidance during pregnancy and to determine their infant
feeding practices in the first three days postpartum. The data collection questionnaire used
comprised three main sections. The first section included general personal and sociode-
mographic characteristics of the mothers such as their age, level of education, number of
live children and delivery problems. The second section collected data specifically related
to infant feeding practices, such as supplementary feeding, to understand when the child
started to receive foods different from human milk and what kind of foods they received.
The absence of a free-access hospital or conventional health care center in the area impeded
the collection of any sort of official medical history. The third section of the questionnaire
focused on the living conditions of the women such as building materials utilized for the
construction of the home, sanitary conditions and the availability of drinking water. The
overcrowding rate was calculated by dividing the square meters of the home by the number
of people living in it. In this study, the outcome variable was the practice of colostrum
avoidance among mothers of children aged less than two years old. The independent
variables included the mother’s characteristics, household characteristics and child’s sex.
Mothers were divided into two groups depending on their colostrum avoidance status.
Women who avoided feeding colostrum to their infant formed the avoidance group, and
the non-avoidance group was composed of the women who fed colostrum to their infant.

2.6. Data Analysis

After the quantitative data on the printed questionnaire form were completed and
checked for consistency, the data were scrubbed, coded and entered into IBM SPSS Statis-
tics (Version 26). Qualitative data were transcribed into English text. The data analysis,
according to the project objective, was performed using a key question from the interview
regarding colostrum avoidance at the initiation of breastfeeding. Frequencies and percent-
ages were used to describe the prevalence of colostrum avoidance. Categorical variables
were described with frequency and percentages, and the comparison among the groups,
according to colostrum avoidance, was performed using Pearson’s chi-square test with
Yates’s correction. Fisher’s exact test was used when the expected count was less than 5.
Continuous variables were described as means and standard deviation (SDs), after which
normality was evaluated with the Kolmogorov-Smirnov test. An independent sample
t-test was used to compare the groups. Crude odds ratios (ORs) were reported with 95%
confidence interval (95% CI). Variables at p-value < 0.05 in the analysis were concluded as
factors associated with colostrum avoidance.

3. Results
3.1. Characteristics of the Sample

The prevalence of colostrum avoidance was 56.1% (1 = 64). The approximate age of
the participants ranged from 18 to 45 years with a mean of 25.3 + 5.0 years old. The mean
in the avoidance group was 27.3 & 6.6 years old, and the mean in the non-avoidance group
was 27.4 £ 6.4 years old, with no significant differences (p = 0.870) between the groups. A
general description of the participants is shown in Table 1.

Overall, 78.1% of the participants interviewed were illiterate and 7.0% had a secondary
education. Amonyg illiterate participants, 57.3% avoided colostrum, while the avoidance
rate in literate participants was 52.0%. While the COR is higher for the illiterate participants
than for those able to read and write, the sample is small and lacks the power to make
any definitive conclusions regarding education. In addition, if the sample is collapsed
into literate and illiterate groups, then the result does not differ based on education level.
Significant differences were observed among the groups (p = 0.001) for parity. Most of the
participants in the study were multiparous, and women who had more than one child more
frequently avoided colostrum than participants who had one child, which was confirmed
with a crude odds ratio (COR) > 1. The mean number of children was 3.5 + 0.7 (3.9 & 2.0
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in the avoidance group and 4.0 £ 1.8 in the non-avoidance group). Overall, 84.2% of
the participants were still breastfeeding their children, while 15.8% of the participants
interviewed had stopped breastfeeding. No significant differences were observed among
the groups. The only participants to follow WHO recommendations on the initiation of
breastfeeding were in the avoidance group.

Table 1. Characteristics of mothers of children aged less than 24 months in a rural area of Ethiopia.

Colostrum Avoidance

X Total Avoidance ! Non-Avoidance 2
Variable (n=114) (n = 64) (n = 50) p* Cr“l‘g:tgdds p*
(%) ™ 95% CI (%) ™ 95% CI 1 (%) ™ 95% CI (95% CIy
Educational level
Secondary school 8 (7.0%) g:%% 1(156%) (01,95  7(140%)  (63,274)  0.121 1 -
Able to read and write 17 (14.9%) Sz 12(188%)  (105,308)  5(10.0%)  (3.7,22.6) 16.80 (1.62, 0.022
08) 174.53)
Illiterate 89 (78.1%) %65?0155)' 51(79.7%)  (67.4,883) 38 (76.0%)  (62.8,86.3) 939 (1.11,79.61)  0.039
Parity
Multiparous 85 (74.6%) %62?63%6)/ 45 (703%)  (57.4,80.8) 40 (80.0%)  (65.9,89.5)  0.001 1
Primiparous 29 (24.5%) (31476915) 19297%)  (192,426)  10(20.0%)  (10.5,34.1) 1.69 (0.70,4.06)  0.336
Breastfeeding
Still breastfeeding 96 (84.2%) (97[)51922)/ 50 (78.1%)  (65.7,87.1) 46 (92.0%)  (79.9,97.4)  0.292 1 -
Not breastfeeding 18 (15.8%) éf{jg% 14219%)  (129,343)  4(80%)  (2.6,20.1) . 322(0.99,1049)  0.079
Breastfeeding initiation time
<lh 3(26%)  (068,807)  3(47%)  (12,140)  0(00%)  (0.00,89) - - -
>1h Ora) 19,993 61(953%)  (86.0,988) (108,%%) 1(83:35 - -

1 Women who rejected colostrum in their lactation and practiced prelacteal feeding. > Women who did not
reject colostrum during lactation and did not practice prelacteal feeding. * p value < 0.05 considered statistically
significant. p value calculated using ANOVA or Chi-squared test. ** % by column.

3.2. Living Conditions

Table 2 presents the living conditions of the participants and their families who took
part in the study. The quality of the flooring material was significantly different between
the groups with most participants in the avoidance group stating that the flooring consisted
of soil, while the value was lower but still constituted the majority for the non-avoidance
group. Additionally, significant differences between the groups regarding the number of
animals in the home were not found.

In both villages, more than 90% of the participants in the study were living in the
traditional Ethiopian thatched-roof hut typical of the rural areas called ‘tukul’, in which
any type of available wood, commonly eucalyptus planks, is used for wall construction
and for the conical-shaped roof support and the floor of the house is plain earth. The
mean number of people living in the house was 5.0 &= 1.9 (4.9 = 0.9 in the avoidance group
and 5.1 + 1.8 in the non-avoidance group (p = 0.527)), while the square footage of the
house was 15.5 + 5.4 m? (16.6 + 6.0 m? in the avoidance group and 14.0 + 4.4 m? in the
non-avoidance group (p = 0.158)). From the data collected, we estimated an average of
3.4 4 1.4 m? (3.9 + 1.6 m? in the avoidance group and 2.9 + 0.8 m? in the non-avoidance
group (p = 0.001)) of floor area per person, while the WHO literature suggests 9-10 m?
of floor area per person. No differences were found in regard to toilet facility, the type of
animal inside the house or main source of drinking water.
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Table 2. Living conditions of the families who took part in the study.

Colostrum Avoidance

. Total Avoidance ! Non-Avoidance 2
Variable (n=114) (= 64) (n = 50) p* leggtgdds p*
1 (%) ** 95% CI 1 (%) ** 95% CI 1 (%) ** 95% CI (95% CI)
Flooring material of the house
Soil 90 (81.8%)  (73.1,88.3)  56(88.9%)  (77.8,95.0) 34 (723%)  (57.1,839)  0.005 1 -
Cement 7 (6.4%) (2.8,13.1) 5 (7.9%) (3.0,18.3) 2 (4.3%) (0.7,15.7) 1.52 (0.28, 8.26) 0.231
Mud 13(11.8%)  (6.7,19.7) 2 (3.2%) (0.6,12.0)  11(234%)  (12.8,38.4) 0.11 (0.02, 0.53) 0.004
Toilet facility
Pit latrine 85(78.0%)  (68.8,85.1) 48 (76.2%)  (63.5,85.6)  37(804%)  (65.6,90.1)  0.297 1 -
No Facilities 24 (22.0%) (14.9,31.2) 15 (23.8%) (14.4, 36.5) 9 (19.6%) (9.9, 34.4) 1.28 (0.51, 3.26) 0.768
Animals inside the house
Yes 33 (30%) (21.8,39.6) 19 (30.2%) (19.6,43.2) 14 (29.8%) (17.8,45.1) 0.002 1 -
No 77 (70%) (60.4,782) 44 (69.8%)  (56.8,80.4)  33(702%)  (54.9,82.2) 1.02 (0.45, 2.32) 0.866
Number of people living in the house
<4 58(50.9%)  (41.4,60.3)  33(51.6%)  (38.8,64.1)  25(50.0%)  (35.7,64.3) 1 -
4-8 48 (42.1%) (33.0,51.7) 27 (42.2%) (30.2,55.2) 21 (42.0%) (28.5,56.7) 0.97 (0.45, 2.11) 0.610
>8 8 (7.0%) (3.3,13.8) 4 (6.3%) (2.0, 16.0) 4 (8.0%) (2.6,20.1) 0.76 (0.17, 3.33) 0.511
m? of the house
<10 24 (21.1%) (14.2,29.9) 9 (14.1%) (7.0, 25.5) 15 (30.0%) (18.3, 44.8) 2.62(1.03, 6.63) 0.041
>10 90 (78.9%) (70.1 85.8) 55 (85.9%) (74.5,93.0) 35 (70.0%) (55.2,81.7) 1 -
Overcrowding rate 3
<3 57 (50.0%)  (40.5,59.5)  32(50.0%)  (37.4,62.6)  25(50.0%) (357, 64.3) 1.21 (0.58, 2.56) 0.401
>3 57(50.0%)  (40.5,59.5)  32(50.0%)  (37.4,62.6)  25(50.0%) (357, 64.3) 1 -
Kind of animals 0.534
Chickens 19(559%)  (38.1,724)  11(57.9%) (33.9,789)  8(53.3%)  (27.4,77,7) 1 -
Goats 2 (5.9%) (1.0,21.1) 1 (5.3%) (0.3,28.1) 1(6.7%) (0.3,34.0) 0.73(0.04,1345)  0.591
Cats 2 (5.9%) (1.0,21.1) 1 (5.3%) (0.3,28.1) 1 (6.7%) (0.3, 34.0) 0.73(0.04,1345) 0591
Others @2 }110%) (18.0,50.6)  6(31.6%)  (13.6,565)  5(33.3%)  (13.0,61.3) 0.87 (0.20, 3.90) 0.838
Main source of drinking water
Covered well 60 (54.5%)  (44.8,64.0) 33 (54.1%)  (40.9,66.7) 27 (55.1%)  (403,69.1)  0.667 1 -
Open well 1(0.9%) (0.1,5.7) 1 (1.6%) (0.1,10.0) 0 (0.0%) (0.00, 9.1) - -
River 49 (445)  (35.2,543)  27(44.3%)  (31.8,57.5)  22(44.9%)  (30.9,59.7) 1.00 (0.47, 2.14) 0.855

1 Women who rejected colostrum in their lactation and practiced prelacteal feeding. 2 Women who did not reject
colostrum during lactation and did not practice prelacteal feeding. 3 Overcrowding rate: m? of the house/number
of people living in the house. * p value < 0.05 considered statistically significant. p value calculated using ANOVA
or Chi-squared test. ** % by column.

3.3. Antenatal Care

The information collected on the health care received during pregnancy and delivery
is shown in Table 3.

Table 3. Health care that the women interviewed received during pregnancy and information
about delivery.

Colostrum Avoidance

. Total Avoidance ! Non-Avoidance 2
Variable (n=114) (1 = 64) (1 = 50) P Cruﬁ:tgdds o
n (%) ** 95% CI 7 (%) 95% CI 7 (%) 95% CI 95% CI)
Antenatal care
Yes 70 (614%)  (51.8,70.2)  36(563%)  (433,684) 34 (68.0%)  (532,80.1)  0.635 1 N
No 44(38.6%)  (29.8,482)  28(438%) (31.6,567)  16(320%)  (19.9,46.8) 1.65(0.76,358) 0278
Delivery mode
Caesarean o .71, o o,
aesarea 7 (6.1%) &% 163%)  (20,160)  3(60%) (L6175 0003 1 -
Vaginal (931%@ (98772381) 60(93.8%)  (840,980) 47 (940%)  (82.5,98.4) 096 (0.20,429) 0735
Delivery place
Government o (9.87, o o
o 18 (15.8%) e 9(141%) (70,255  9(180%)  (9.0,319)  0.060 1 N
health 18.72
Government healt 30 (26.3%) (8. 5 12088%)  (105,308)  18(360%)  (233,509) 0.67(0.21,2.16)  0.988
Own home 66 (57.9%) (6468927% 43(672%)  (542,781)  23(46.0%)  (32.1,60.5) 1.87 (0.65,536)  0.368
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Table 3. Cont.

Colostrum Avoidance

Total Avoidance !

Non-Avoidance 2
Variabl — _ _ Crude Odds
ariable (1 =119) (1= 64) (1 =50 p* Ratio p
n (%) ** 95% CI n (%) ** 95% CI n (%) ** 95% CI (95% CI)
Delivery attendance
Health o (33.03, o, o,
professional 48 (42.1%) 5172 21(32.8%)  (21.9,458) 27 (54.0%)  (39.4,649)  0.001 1 -
Trained .16
traditional birth 6 (5.3%) 1157 0 (0.0%) (0.00,7.1) 6 (12.0%) (5.0,25.0) - -
57)
attendant
Relatives 56 (49.1%) g38?67()‘))/ 42 (65.6%)  (526,768)  14(28.0%)  (16.7,42.7) 3.86 (1.68,8.86)  0.002
Nobody 4(3.5%) (1.13,9.27) 1 (1.6%) (0.1,9.5) 3 (6.0%) (1.6,17.5) 043 (0.04, 4.42) 0.839
Diet supplementation during pregnancy or breastfeeding
Yes 7 (6.2%) 12:805 3 (4.7%) (1.2,14.0) 4 (8.2%) (2.6,20.5) 0.577 1 -
No (9§%60/0) (9877‘2262' 61(953%)  (86.0,98.8)  45(91.8%)  (79.5,97.4) 1.81(039,848) 0714
1 Women who rejected colostrum in their lactation and practiced prelacteal feeding. 2 Women who did not
reject colostrum during lactation and did not practice prelacteal feeding. * p value < 0.05 considered statistically
significant. p value calculated using ANOVA or Chi-squared test. ** % by column.

More than half of all the participants received antenatal care during pregnancy. The
percentage of participants who did not receive antenatal was higher in the avoidance group
than in the non-avoidance group without a significant difference. Significant differences
were observed for the mode of delivery and the delivery attendants. The participants who
practice colostrum avoidance were more likely to have caesarean births and be attended by
relatives. Around 7/10 of the participants who practice colostrum avoidance gave birth
at home, while the percentage of home deliveries decreased, but not significantly, in the
non-avoidance group. No differences were observed in diet supplementation.

3.4. Infant Feeding Practices and Beliefs
The main findings of the study regarding the participants” knowledge and attitudes
about infant feeding practices are shown in Tables 4 and 5.
Table 4. Breastfeeding practices and beliefs.
Colostrum Avoidance
Total Avoidance ! Non-Avoidance 2
Variable _ & e Crude Odds
(n=114) (n=64) (n = 50) p* Ratio p*
n (%) ** 95% CI n (%) ** 95% CI 1 (%) ** 95% CI (95% CI)
What does the woman think about colostrum?
It is important 12(10.5%)  (5.8,18.0) 3 (4.7%) (1.2,140) 9 (18.0%) (9.0,31.9) 0.001 1 -
It S;f;gf;;znmﬂk 544%)  (16,104)  0(0.0%) 00,71)  5(100%)  (37,226) . -
It is not sufficient 7 (6.1%) (2.7,12.7) 4(6.3%) (2.0, 16.0) 3 (6.0%) (1.6,17.5) 400(0.5529.18) 0364
I‘ézsgr{’irs‘d 74 (64.9%)  (554,735)  51(79.7%)  (67.4,883)  23(46.0%)  (32.1,60.5) 6.65 (1.65,26.88) 0.009
No idea 16 (14.0%)  (8.5,22.1) 6 (9.4%) (39,199)  10(20.0%)  (10.5,34.1) 1.80 (0.34,9.40) 0.770
Does the woman think colostrum should be discarded?
Disagree 23(20.0%)  (13.6,29.1)  6(9.4%) (39,199) 17 (347%)  (221,497)  0.001 1 -
Agree 83(73.0%)  (647,81.1)  55(859%)  (745,93.0) 28(57.1%)  (42.3,70.9) 557(1.98,15.68)  0.001
No idea 7 (6.0%) (2.7,12.8) 3 (4.7%) (1.2, 14.0) 4 (8.2%) (2.7,20.5) 2.13(0.36,1239) 0706

! Women who rejected colostrum in their lactation and practiced prelacteal feeding. > Women who did not
reject colostrum during lactation and did not practice prelacteal feeding. * p value < 0.05 considered statistically
significant. p value calculated using ANOVA or Chi-squared test. ** % by column.
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Table 5. Infant feeding knowledge and practices.

Colostrum Avoidance

. Total Avoidance ! Non-Avoidance 2
Variable (n=114) (n = 64) (n = 50) P leg;tgdds g
1 (%) ** 95% CI 1 (%) ** 95% CI 1 (%) ** 95% CI (95% CI)
Did the woman receive information about infant feeding?
About b;i?;tfe"‘dmg 38(333%)  (25.0,429) 16(25.0%)  (154,377)  22(44.0%)  (30.3,58.7) 1 -
About suppl. feeding 3 (2.6%) (0.7,8.1) 1 (1.6%) (0.1,9.5) 2 (4.0%) (0.7 14.9) 0.102 0.69 (0.06, 8.25) 0.755
No information 72 (63.2%) (53.6,71.9) 46 (71.9%) (59.0, 82.1) 26 (52.0%) (37.6 66.1) 2.43(1.09, 5.43) 0.047
Information on other o o o
feeding practices 1(0.9%) (0.1,5.5) 1(1.6%) (0.1,9.5) 0 (0.0%) (0.00,9.0) - -
What was the main food that the child received during the first six months after birth?
. 100 o, 44 (90.0,
Breast milk ©78%) (938,999)  56(982%) (894,999 (1000%) 1000} 0677 1 -
Other food 1(0.99%) (0.1,6.2) 1 (1.8%) (0.1, 10.6) 0 (0.0%) (0.0, 10.0) - -
When did/will the woman start supplementary feeding?
2 months 1 (0.9%) (0.0,5.5) 0 (0.0%) (0.0,7.1) 1 (2.0%) (0.1,12.0) 0.42 (0.04, 4.82) 0.014
5 months 2 (1.8%) (0.3,6.8) 1(1.6%) (0.1,9.5) 1(2.0%) (0.1, 12.0) iad .
6 months 9(842%)  (75.9,90.1)  52(813%)  (69.2,895)  44(880%)  (750,950) (5o 1 -
7 months 12(105%)  (5.8,18.0)  9(14.1%)  (7.0,25.5) 3 (6.0%) (1.6,17.5) -
8 months 1(0.9%) (0.0,5.5) 0(0.0%) 0.0,7.1) 1 (2.0%) (1.6,17.5) 233(069,782) (704
9 months 2 (1.8%) (0.3, 6.8) 2 (3.1%) (0.5,11.8) 0 (0.0%) (0.00, 8.9)
What was the first food the child received/will receive?
Enjera 30 (29.4%)  (21.0,394) 17 (27.0%)  (17.0,39.9)  13(33.3%)  (19.6,50.3) 1 -
Shiro 15 (14.7%) (8.7,23.4) 9 (14.3%) (7.1,25.9) 6 (15.4%) (6.4,31.2) 1.15(0.33, 4.05) 0.915
Faffa 6 (5.9%) (2.4, 12.9) 6 (9.5%) (3.9,20.3) 0(0.0%) (0.0, 11.2) - -
Whatever themother g ggo)) (44,165  7(111%)  (6.0,221)  2(61% 09,186 027 268(047,1509) 0452
Porridge 24 (23.5%) (15.9, 33.2) 13 (20.6%) (11.9, 33.0) 11 (28.2%) (15.5,45.1) 0.90 (0.31, 2.66) 0.927
Genfo 11(10.8%)  (5.8,189)  8(12.7%)  (6.0,24.0) 3 (7.7%) (2.0,22.0) 2.04 (0.45, 9.24) 0.567
Other foods 7 (6.9%) (3.0,14.1) 3 (4.8%) (1.2,14.2) 4 (10.3%) (3.3,25.2) 0.57(0.11, 3.02) 0.811

1 Women who rejected colostrum in their lactation and practiced prelacteal feeding. > Women who did not
reject colostrum during lactation and did not practice prelacteal feeding. * p value < 0.05 considered statistically
significant. p value calculated using ANOVA or Chi-squared test. ** % by column. *** Crude odds ratio (95% CI)
for < 6 months. *** Crude odds ratio (95% CI) for >6 months.

Significant differences were observed among the groups in regard to breastfeeding
beliefs but not for infant feeding practices. The percentage of participants who did not
discard colostrum that said that colostrum stimulates milk production or that it is important
for the infant was less than 30%, while less than 5% of those that did discard colostrum
agreed with this statement. Among those that discarded colostrum, around 80% thought
that colostrum was dirty and could be dangerous for the newborn. These beliefs are
significantly associated with avoiding colostrum (COR = 6.65). The participants in this
study declared that, during the first days after giving birth, they would wet their breast
with hot water and manually massage it in order to extract the colostrum, which they would
then discard. However, none of them could explain the reason for this practice; it was
simply understood as traditional. The large percentage of participants who did not receive
information about infant feeding during pregnancy learned how to feed their infants from
popular traditions handed down from mother to daughter, and this characteristic makes
these women have a significantly (COR = 2.43) higher probability of avoiding colostrum.
This probability was similarly high in the participants who directly agreed with colostrum
avoidance (COR = 5.27) or stated to not have an opinion (COR = 2.13). In general, a third of
participants stated that they fed their infants with only human milk during the first three
days after birth; within them, a quarter of the avoidance group had received information
about breastfeeding, while in the non-avoidance group, the percentage was almost double.
Of the 114 participants who answered and had children aged more than 6 months, almost
all said that human milk was the main food that the infants received during the first 6
months of life. The results show that the majority of the participants started supplementary
feeding at six months. The most commonly added foods to a child’s diet were ‘injera’,
‘shiro” and ‘genfo’.
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4. Discussion

This study revealed that the prevalence of colostrum avoidance was higher than
that described by one study conducted in an urban area of Ethiopia, which reported
an avoidance of 6.3% [22], and that described by studies performed in other different
areas of Ethiopia, including Raya Kobo (13.5%) [23], Amibara (36.9%) [24], Goba Woreda
(35.0%) [25], and rural northern Ethiopia (63%) [12]. Due to inaccessible health care, many
of the mothers in our study did not receive adequate prenatal care and gave birth at home.
In Andode, there is no hospital, only a health post without a pharmacy. The nearest hospital
and pharmacy are 70 km away. While there is a small hospital in Muke Turi, it does not have
the capability to treat any serious medical situation, and those requiring more specialized
care must travel to Addis Ababa 80 km away. Additionally, health care is costly, and the
majority of the women do not have insurance and are unable to cover the associated cost.
In an emergency or a life or death case, the MCSPA will cover the health care cost, but
antenatal care must be paid for by the women.

A lack of prenatal care contributes to inadequate breastfeeding education and re-
liance on maternally transmitted, traditional infant feeding beliefs and practices. Maternal
education and antenatal care have been shown to be connected to the early initiation
of breastfeeding (EIBF) and exclusive breastfeeding (EBF) rates [24,26-41]. Therefore,
appropriate antenatal care that includes a maternal education component on adequate
breastfeeding practices may help improve rates of EIBF and EBF. Given the structure of
health care in Ethiopia and the difficulty of accessing it for some of its citizens, the use
of health extension workers is recommended [42]. The rate of EBF in Ethiopia is signif-
icantly under the global recommendations [42]. There are recent scientific publications
from Ethiopia regarding breastfeeding practices and their associated factors available that
could be used as a basis for the design of interventions geared towards improving EIBF and
EBF rates [41,43]. The advantages of EIBF for both mother and infant [44], such as lower
neonatal mortality [45,46], have been clearly proven. It is difficult to establish a national
rate of EIBF in Ethiopia as previous studies have shown results ranging from 40% to over
80% [24,26-36]. However, the results of this study in a rural area are in line with those of
previous studies, which have shown lower EIBF rates in women from rural areas compared
to women from urban centers [24,29,30,35,47].

Colostrum avoidance is a common practice in Ethiopia [12,22,23,48]; however, stud-
ies [49,50] have shown varying degrees of avoidance with different regions of the country
presenting rates as high as 77% or as low as 11%. Colostrum avoidance (56.14%) in this
study was higher than the estimated national Ethiopian average (39.8%) [51] and that found
in more developed areas of the country [22,52]. This difference in incidence is significantly
associated (COR = 9.39) with a low level of education in the same areas, where 78.1% were
illiterate. The participating women stated that they would actively discard colostrum by
wetting their breast with hot water and pumping in the days immediately after giving birth.
When asked to explain the reasoning behind this practice, they stated they followed this
practice because they believed colostrum to be dirty and dangerous for the newborn or to
be insufficient for the newborn because it is too similar to water.

A systematic review and meta-analysis calculated the pooled prevalence of prelacteal
feeding in Ethiopia at 25.29% with severe heterogeneity [53]. This traditional practice delays
the initiation of breastfeeding and can affect the future success of breastfeeding [12,48,54,55].
This practice is more common in rural areas than in urban areas due to the lack of education
regarding infant feeding and the lack of health care centers, which leads to high rates of
homebirths [12,41,53,56]. The newborn intestinal tract is more permeable and vulnerable to
pathogens, which may be carried in prelacteal foods [56]. This can lead to a microbial load
too high to handle for the immature immune system of the infant, a situation made worse
due to colostrum avoidance. Colostrum, the perfect food for a newborn to receive after birth,
is essential to compensate for the immunological immaturity of the newborn intestinal
tract, is low in fat [57,58] and improves the gut microbiome of the newborn [59,60].
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This study has certain limitations that must be taken into consideration. The cross-
sectional design has some inherent limitations regarding the nature of the association
between the different factors and colostrum avoidance. While factors associated with
colostrum avoidance can be determined, the nature of the relationship of these factors and
the practice of colostrum avoidance cannot be established. This is the first scientific study
carried out in these particular areas regarding breastfeeding practices. The questionnaire
administered during the face-to-face interviews was not pre-tested and had to be adapted
in situ due to limitations regarding date availability. One of the main limitations related
to data availability was the fact that most of the women did not become aware of their
pregnancy until the third /fourth month, and no official medical histories were available
for review. The information obtained from mothers might be subject to recall bias. The
sample size is also a limitation. This limitation arises mainly due to the limited time that
the research team was permitted to stay in either village, the travel time between locations
and the length of the interviews, which needed simultaneous translation.

5. Conclusions

This study allows us to identify that mothers are not well educated about correct infant
feeding practices and that colostrum avoidance is still widely practiced in this rural region
at a higher rate than found in previous studies carried out in other parts of Ethiopia. A low
level of education and limited health care are the main factors for colostrum avoidance.
Education and quality health care are central for development at every level. Education is
an essential tool for improving living conditions, reducing poverty and building a food-
secure world. Adequate infant feeding information and care from health professionals
during and after pregnancy is still a luxury in these rural areas that most women will not
be able to access. An intervention aimed at improving access to nutritional education and
health care could help reduce the prevalence of colostrum avoidance in a sustainable way
that could lead to improved overall infant and community health and development.
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Abstract: A previous follow-up of the GINIplus study showed that breastfeeding could protect
against early eczema. However, effects diminished in adolescence, possibly indicating a “rebound
effect” in breastfed children after initial protection. We evaluated the role of early eczema until three
years of age on allergies until young adulthood and assessed whether early eczema modifies the asso-
ciation between breastfeeding and allergies. Data from GINIplus until 20-years of age (N = 4058) were
considered. Information on atopic eczema, asthma, and rhinitis was based on reported physician’s
diagnoses. Adjusted Odds Ratios (aOR) were modelled by using generalized estimating equations.
Early eczema was associated with eczema (aORs = 3.2-14.4), asthma (aORs = 2.2-2.7), and rhinitis
(aORs = 1.2-2.7) until young adulthood. For eczema, this association decreased with age (p-for-
interaction = 0.002-0.006). Longitudinal models did not show associations between breastfeeding and
the respective allergies from 5 to 20 years of age. Moreover, early eczema generally did not modify
the association between milk feeding and allergies except for rhinitis in participants without family
history of atopy. Early eczema strongly predicts allergies until young adulthood. While preventive
effects of full breastfeeding on eczema in infants with family history of atopy does not persist until
young adulthood, the hypothesis of a rebound effect after initial protection cannot be confirmed.

Keywords: GINIplus; breastfeeding; atopic diseases; allergy prevention; early nutrition; long-term
effects; rebound

1. Introduction

Dietary guidelines in Germany recommend exclusive breastfeeding in the first six months
of life and an introduction in complementary foods not before the fifth month of life [1].
German guidelines for allergy prevention recently also suggested exclusive breastfeeding for
the first four to six month after birth, but this recommendation was not based on evidence
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of a preventive effect of breastfeeding on allergies, but general health-promoting effects
of breastfeeding for mother and child [2]. The evidence regarding allergy prevention was
classified as inconsistent considering that the majority of recent studies did not point to
protective effects [3-7].

However, the guidelines mention an analysis of the GINIplus study which indicates
that the benefits of breastfeeding for allergy prevention might be restricted to children with
a family history of atopy in first-degree relative, i.e., those children considered at risk to
develop an allergic disease [8]. The cumulative incidence of early eczema up to three years
of age was lower in high-risk children who were fully breastfed for at least four months
compared to their counterparts who received conventional cow’s milk formula (CMF) in
this period, either as part of partial breastfeeding or as the only source of food. Protective
effects of breastfeeding compared with CMF on atopic eczema during the first years of
life were already reported in previous analyses of the GINIplus study [9,10]. However,
after age three until 15 years of age, the observed differences in cumulative incidences of
eczema in the GINIplus study attenuated [8]. This finding is in line with results from a
meta-analysis considering data from 24 cohort studies, 17 cross-sectional studies, and one
case-control study [11]. The authors reported protective effects of breastfeeding on eczema
until the age of two years of life, but disappearing effects thereafter. Moreover, results from
studies covering the age between three and 20 years seem to indicate a slightly increased
risk for eczema, although the pooled estimate was not significant. Accordingly, the decrease
in group differences in GINIplus upon inclusion of data until 15 years of age might indicate
a rebound effect after initial protection, i.e., that eczema manifests more frequently after
the age of three years in fully breastfed children without early eczema compared to their
counterparts fed with CMF. Following this hypothesis, early eczema would modify the
long-term preventive effect of full breastfeeding. Accordingly, breastfed children without
early eczema might represent a vulnerable group for allergic disease manifestation with
increasing age and would, thus, be a target group for additional preventive measures and
regular clinical assessments.

An analysis of the GINI intervention cohort after 20-years follow-up recently demon-
strated heterogeneous long-term effects of different infant CMF on allergies [12], but long-
term effects of full breastfeeding remain to be evaluated. Moreover, early eczema in the
first three years was only considered in pathway analysis for different types of hydrolyzed
formulae [12]. Thus, the meaning of early eczema protection for long-term effects of full
breastfeeding is still unclear. Extending the analysis to data from the non-intervention
cohort in the GINIplus study, we aimed to examine the following questions:

i. Is early eczema a determinant of the course of allergic diseases until early adulthood
which should be considered in long-term analysis of breastfeeding effects?
ii. Does early eczema modify potential long-term associations of milk feeding with the

development of atopic diseases?

2. Materials and Methods
2.1. Study Design of the GINIplus Study

The current data analysis considered data from the GINIplus study from birth until
the age of 20 years. Details of the study design of the GINIplus study have previously been
described [8,13-15]. In short, 5991 healthy term newborns were initially recruited from
16 maternity wards in two regions of Germany (rural Wesel and urban Munich) between
September 1995 and June 1998 and either participated in the GINI intervention study (I
cohort) or the GINI non-intervention study (NI cohort). Mothers with a chronic, immuno-
logical relevant disease other than allergies (e.g., HIV, autoimmune disease, diabetes) were
excluded [15]. The baseline characteristics from the families (e.g., allergies in parents and
siblings and parental education) were assessed by questionnaires at birth or before. Written
informed consent was obtained from the participating families. The study protocol was
approved by the local ethics committees.
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In the prospective, double-blind intervention trial only infants with a high family
risk of atopy defined as having a family history (FH+) with at least one parent or biologic
sibling with a history of allergic disease were included. If parents agreed to participate in
the intervention study (I cohort, N = 2252), the newborns were randomly allocated at birth
to one of four blinded study formulae, i.e., three different hydrolyzed formulae (partially
hydrolyzed whey (pHF-W); extensively hydrolyzed whey (eHF-W); extensively hydrolyzed
casein (eHF-C)) and one formula based on intact cow’s milk protein (CMF). Mothers in
the I cohort received written recommendations for feeding of the infants. Mothers were,
e.g., encouraged to exclusively breastfeed for at least four months and not to introduce
solid foods during this period. The respective formula was used during the first four
months of life as a milk substitute only if exclusive breastfeeding was not possible [16].
Infants with a negative family history of allergy in a first degree relative (FH—, N = 2507)
or those with positive risk whose parents did not want to participate in the intervention
trial (FH+, N = 1232) were allocated to the NI-cohort. Their parents did not receive any
feeding recommendations.

2.2. Definition of Outcome and Exposure Variables

Both cohorts have regularly been followed from birth onwards and recently partici-
pated in the 20-years follow-up. Self-administered questionnaires were sent to the parents
around their child’s 1st, 2nd, 3rd, 4th, 6th, 10th, and 15th birthdays and to the study partici-
pants themselves around their 20th birthdays to collect information on the child’s health,
allergic symptoms, physician diagnoses of allergic diseases, and further information such
as nutrition and several lifestyle factors. The definition of the main outcomes in the GINI
study was continuously based on the same set of questions, which have been used since
the first year of life. Until age 15 years, the following question was asked to the parents
separately for each year of life: “Did a doctor diagnose your child with one of the following
diseases [eczema, asthma, allergic rhinitis, hay fever] in 1st [2nd, ... , 15th] year of life?”
For the 20-year-questionnaire covering the period from 16-20 years of age, this question
was directly addressed to the participants themselves. We further considered a question
on disease treatment (“Have you (your child) been treated for [asthma, hay fever, allergic
rhinitis, atopic eczema] in the past 12 months?”).

The primary outcomes of the present analyses are period prevalence of eczema, asthma,
and allergic rhinitis /hay fever as well as the cumulative incidence of these up to 20 years
of age. Any “yes” response to physician’s diagnosis in the period and/or treatment in
the last 12 months was used to determine period prevalence. Any positive reply during
the lifetime of the child was used to determine cumulative incidence. Early eczema was
defined considering physician’s diagnosis of eczema in the 1st, 2nd, and 3rd year of life as
answered by the parents in the respective questionnaires.

In the I-cohort, information on milk feeding was derived from weekly diaries. Full
breastfeeding was defined if “breast milk only” was reported as milk feeding for each of
the first 16 weeks. Accordingly, one documented bottle of the randomized study formula
sufficed for the definition “mixed fed with breast milk and study formula”. In the NI-
cohort the mode of milk feeding was retrospectively assessed at the age of 1 year using
the question “What kind of milk did your child drink during 1st, 2nd, ... 6th month of
life?” The child was classified as “fully breastfed” if parents selected “breast milk only”
for all of months 1 to 4, infants receiving formula during this period were labelled as “not
fully breastfed”.

2.3. Statistics

Statistical analyses were performed using the statistical software SAS for Windows,
Release 9.4 (SAS Institute, Cary, NC, USA). To determine associations between the status
of early eczema and the prevalence of specified allergies in pre-defined periods, logistic
regression analyses were performed and odds ratios (OR) for period prevalence are re-
ported. Cumulative incidence was estimated by the life table method [17] and analyzed
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by generalized estimating equations (GEE) [18] using a complementary log-log link and
independent correlation structure in PROC GENMOD. The results are presented as relative
risks (RR) for the specified contrasts (Full breastfeeding in comparison to randomized
formula feeding for the I-cohort and to non-full breastfeeding for the NI-cohort).

To examine the course of allergies, i.e., period prevalences from the 5th to 20th years,
considering the status of early eczema and the mode of milk feeding, longitudinal analyses
(GEE models with logit link, PROC GENMOD) were performed. The backward selection
method (threshold p < 0.05) was used to find the best fit for the data and started with
all two-factor interaction terms between the terms: time-period, status of early eczema,
and mode of milk feeding. Accordingly, the interaction term between early eczema and
breastfeeding which would indicate a potential rebound effect was tested for every outcome
in every cohort. Only significant interaction terms were retained in the final model. The
main factors of interest, i.e., milk feeding and early eczema as well as time period and
the set of confounders were fixed in the models (and excluded from elimination process).
Results from the final models are given as OR for the interesting terms.

The analyses were conducted for each cohort separately and the models were adjusted
for a fixed set of known risk factors or confounders. To avoid multicollinearity the chosen
set was reduced to family history of the corresponding outcome (eczema, asthma, and
allergic rhinitis, respectively) and heredity of family allergy in the cohorts with family risk
of atopy (I-cohort and NI FH+) as well as sex, study region, parental education and older
siblings in all cohorts. Parental education was used as a proxy for socio-economic status and
study region as a proxy for environmental determinants. Results of the adjusted models are
given as adjusted OR or RR (aOR, aRR). p values less than 0.05 were considered statistically
significant and estimates of OR and RR were given with 95% confidence intervals (95%CI).

3. Results
3.1. Study Population and Characteristics

For the present analysis, all participants with complete information on early eczema
were considered (Table S1). Of the 2252 recruited infants in the I-cohort the status of eczema
during the first three years was available for 1661. The NI-cohort comprises 2397 infants,
40 of whom were excluded from the analysis on effects of milk feeding due to missing
information. Further details regarding number of subjects at the different stages of follow-
ups are presented in Table S1.

Early eczema was more prevalent in children “at risk”: While the prevalence was
similar in children with positive family history (FH+) in the I- and NI-cohorts (I-cohort:
453 children (27.3%), NI-cohort: 207 (25.7%)), children in the NI-cohort without family his-
tory less often develop early eczema (FH—, 240 children (15.1%), chi-square test p < 0.0001
for group differences) (Table 1 and Table S1). Nearly half of the analysis population was
fully breastfed for four months, with slightly lower rates in the I-cohort (I-cohort: 44.1%, NI
FH+: 51.0%, NI FH—: 47.9%, chi-square test p = 0.004 for group differences). Additionally,
children in the I-cohort had siblings less often (chi-square p < 0.0001 for group differences)
while parental education was higher (chi-square p < 0.0001 for group differences), the latter
especially upon comparison with the NI cohort with negative family history. Addition-
ally, number of siblings and parental education differed in three cohorts (chi-square tests
p < 0.0001).
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3.2. Development of Atopic Diseases up to Young Adulthood Depending on Early Eczema during
the First Three Years of Life

The illustration of the period prevalence of atopic diseases stratified by the state of
early eczema (Figure 1) gives a first description of the potential meaning of early eczema for
the development of atopic diseases in later life. Early eczema was apparently accompanied
by a higher eczema period prevalence up to young adulthood. Moreover, for asthma and
AR, the prevalence was constantly higher in participants with early eczema compared with
those without early eczema. This finding was not only observed in subjects with a high
risk of atopic diseases, i.e., the I cohort (Figure 1a) and the NI cohort with positive family
history (Figure 1b), but also in the NI cohort with a negative family history (Figure 1c).

(a) Intervention cohort (b) Non-intervention cohort FH+ (c) Non-intervention cohort FH-
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Figure 1. Prevalence of allergic diseases from childhood to young adulthood stratified by eczema
during the first 3 years for (a) the intervention cohort, (b) the non-intervention cohort with family
risk of atopy and (c) the non-intervention cohort without family risk of atopy.

Statistical analyses using logistic regression models confirmed this conclusion since
early eczema was not only a significant predictor of eczema prevalence up to young
adulthood, but also of asthma and AR (Table 2). While the highest aORs were generally
found for eczema compared with the other atopic phenotypes, the association of early
eczema for this phenotype attenuated with increasing age as illustrated by decreasing
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aORs (Table 2). This is also reflected by decreasing prevalence differences in Figure 1
due to strictly monotonous falling eczema period prevalence with increasing age in those
participants with early eczema, but constant levels in those without early eczema (Figure 1).
For asthma and AR, a more parallel course was observed in participants with or without
early eczema (Figure 1) and also aORs remained relatively constant (Table 2). Longitudinal
GEE models with eczema as outcome confirmed that aORs for early eczema decrease with
age in the I-cohort and the NI-cohort without family history, while the effect for asthma
and also for AR did not change over time in all cohorts (Table 3).

Table 2. Association between eczema during the first three years and prevalence of allergies in life
periods up to age 20 years in the intervention-cohort and for the non-intervention-cohort with family
risk of atopy family risk of atopy (FH+) and without family risk of atopy (FH—). OR  and adjusted
OR (aOR P<) with 95%CI from logistic models for those with eczema during the first three years in
comparison to those without.

Prevalence eczema

5 to 6th Year 7 to 10th Year 11 to 15th Year 16 to 20th Year

Intervention OR 9.5 (6.9-13.2) 5.3 (3.6-7.8) 5.5 (3.6-6.6) 3.6 (2.3-5.8)
aORP 8.7 (6.2-12.2) 5.0 (3.4-7.6) 5.0 (32-7.9) 3.4 (2.1-5.5)
Non-intervention FH+ OR 8.5 (5.2-13.7) 48 (2.8-8.2) 16 (2.6-8.1) 2.9 (1.3-6.5)
aOR P 8.1 (4.9-13.4) 4.4 (2.5-7.6) 4.1 (22-7.4) 24 (1.0-5.6)
Non-intervention FH— OR 14.6 (9.4-22.6) 74 (4.3-12.8) 8.3 (4.1-16.9) 40 (2.2-7.5)
aOR © 14.7 (9.5-22.8) 74 (4.2-12.9) 82 (4.0-16.9) 47 (24-9.1)
Prevalence asthma

5 to 6th year 7 to 10th year 11 to 15th year 16 to 20th year
Intervention OR 23 (1.3-4.0) 2.7 (1.8-4.1) 25 (1.6-3.7) 1.6 (1.0-2.7)
aORP 2.1 (1.2-3.8) 26 (1.7-4.0) 24 (1.6-3.6) 1.6 (0.95-2.7)
Non-intervention FH+ OR 74 (2.8-19.8) 2.6 (1.4-5.1) 24 (1.3-4.5) 22 (0.93-5.4)
aOR P 6.8 (2.5-18.6) 25 (1.3-5.0) 22 (1.2-4.3) 1.9 (0.78-4.8)
Non-intervention FH— OR 3.0 (1.2-7.6) 3.0 (1.5-6.1) 2.0 (1.1-3.9) 2.0 (0.87-4.5)
aOR © 29 (1.1-7.3) 32 (1.5-6.5) 21 (1.1-4.1) 21 (0.89-4.7)

Prevalence allergic rhinitis/hay fewer

5 to 6th year 7 to 10th year 11 to 15th year 16 to 20th year
Intervention OR 22 (1.5-3.2) 25 (1.9-3.4) 2.1 (1.6-2.8) 1.8 (1.3-2.4)
aORP 22 (1.5-3.1) 26 (1.9-3.5) 2.1 (1.6-2.8) 17 (1.2-2.4)
Non-intervention FH+ OR 27 (1.5-4.8) 2.5 (1.6-4.0) 2.9 (1.9-4.4) 2.6 (1.6-4.3)
aOR P 2.8 (1.5-5.0) 24 (1.6-3.9) 29 (1.9-4.4) 2.6 (1.6-4.3)
Non-intervention FH— OR 2.0 (0.89-4.5) 1.9 (1.1-32) 1.9 (1.2-3.1) 2.2 (1.4-3.6)
aOR ¢ 2.0 (0.87-4.5) 1.9 (1.1-3.2) 2.0 (1.2-3.1) 2.1 (1.3-3.4)

Prevalence allergic diseases (Eczema, asthma or rhinitis/hay fewer)

5 to 6th year 7 to 10th year 11 to 15th year 16 to 20th year
Intervention OR 5.1 (3.9-6.7) 3.3 (2.5-4.3) 2.6 (2.0-3.4) 2.1 (1.6-2.9)
aORP 5.0 (3.8-6.6) 34 (2.5-4.5) 2.6 (2.0-3.5) 21 (1.5-2.8)
Non-intervention FH+ OR 5.7 (3.8-8.5) 3.1 (2.1-4.6) 33 (2.2-4.9) 26 (1.6-4.1)
aORP 5.6 (3.6-8.6) 3.1 (2.1-4.7) 32 (2.1-4.9) 25 (1.6-4.1)
Non-intervention FH— OR 9.2 (6.3-13.4) 3.7 (2.5-5.4) 2.8 (1.9-4.1) 2.3 (1.5-3.5)
aOR © 9.1 (6.2-13.4) 37 (2.5-5.5) 28 (1.9-4.2) 23 (1.5-3.5)

2 OR of <1 indicates a decreased risk of disease, that is lower risk in the early eczema group than in the compared
feeding group, whereas OR >1 indicates higher risk in early eczema group than in the compared non-early
eczema group; ? adjusted for family history of corresponding disease, heredity of family allergy, sex, study region,
siblings, parental education; € no family history per definition, therefore adjusted for sex, study region, siblings,
parental education.

3.3. Short- and Long-Term Risk of Allergies in Fully-Breastfeed Children

The 20-year data confirm that the risk reducing effect of breastfeeding on eczema
compared with CMF in the I-cohort diminished after early protection and became non-
significant when cumulative incidence up to 20 years of life was considered (Table S2). In
contrast, high-risk children in the I-cohort fed with eHF-C constantly had an even lower
risk of eczema compared with breastfed children not only until 3 years of age, but up
to young adulthood. This association remained significant upon adjustment for several
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confounders. In both groups of the NI-cohort, i.e., children with or without family history,
full breastfeeding was not associated with lower cumulative incidences of any atopic
outcome compared with non-fully-breastfeeding. Moreover, longitudinal models using
period prevalence from five to 20 years as outcome did not reveal general breastfeeding
effects on any outcome (Table 3). The adjusted ORs for eczema ranged from 0.92 to 1.1, for
asthma from 0.78 to 1.2 and for AR from 0.77 to 1.7 (all n.s.).

3.4. Examination of a Potential Rebound Effect in Fully-Breastfed Children without Early Eczema

If there was a rebound effect of full breastfeeding, a higher period prevalence in later
life would be expected in fully breastfed children without early eczema compared to their
counterparts who were fed at least partly with CMF. In general, descriptive illustrations
of crude period prevalence in Figure 2 do not indicate such higher period prevalence in
fully breastfed children without early eczema (red bars) compared with CMF fed children
without early eczema (black bars). Eczema prevalence was slightly higher in the period
between 5 and 10 years in the I-cohort (Figure 2a, red bar and black bar) and up to 6 years
of age in the NI-cohort in children with family history (Figure 2b) only.

(a) Intervention cohort (b) Non-intervention cohort FH+  (c) Non-intervention cohort FH-
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Figure 2. Prevalence of allergic diseases from childhood to young adulthood by eczema during the
first three years and feeding groups (a) in the intervention-cohort stratified for the full breastfeeding
group (FB) and for the four groups supplemented only with their randomized formula, (b) in the
non-intervention-cohort with family risk (FH+) and (c) without risk (FH—) both cohorts stratified by
full breastfeeding.
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Statistical analyses using longitudinal models included an interaction term between
infant milk feeding and early eczema in order to examine the hypothesis of early eczema as
a potential modifier (Table 3). These models confirm the impression from the descriptive
evaluation of crude prevalence in Figure 2: The analyses did not reveal a significant
modifying effect of early eczema on milk feeding effects on the development of eczema,
asthma and AR in children with family history of allergies. Differences in breastfeeding
effects depending on early eczema were only observed for AR in children without family
risk of allergic diseases (NI cohort FH—, p for interaction = 0.04): in those without early
eczema breastfeeding tended to be associated with lower long-term AR risk compared with
CMF (OR= 0.77, 95%CI (0.53-1.1)), while breastfeeding in those with early eczema was
associated with a (non-significantly) higher rhinitis risk compared with CMF (OR=1.7,
95%CI (0.84-3.4), Table 3). Sensitivity analyses including introduction in solid foods as
additional covariate did not substantially change these results (results not shown).

Table 3. Association of full breastfeeding with allergic diseases from 5 to 20 years under consideration
of status of eczema during first three years. Results from adjusted longitudinal GEE models * for the
intervention cohort and non-intervention cohort with family risk of atopy (FH+) and without family
risk of atopy (FH—).

Intervention Cohort Non-Intervention FH+ Non-Intervention FH—

(N =1661) (N =792) (N =1565)
Eczema
Interaction feeding with early eczema * p-value 0.987 0.738 0.174
Final Model M1 M2 M1
FB vs. CMF/non FB aOR (95%CI) 1.1(0.72-1.6) 0.92 (0.62-1.3) 0.94 (0.65-1.3)
eHF-C vs. CMF aOR (95%CI) 0.64 (0.34-1.2) 1 1
Interaction early eczema with time-periods p-value 0.002 - 0.006
Early eczema effect at 5-6th years aOR (95%CT) 8.8 (6.3-12.3) 144 (9.2-22.7)
Early eczema effect at 7-10th years aOR (95%CI) 4.7 (3.2-7.0) 7.7 (44-13.4)
Early eczema effect at 11-15th years aOR (95%CI) 4.9 (3.1-7.7) 8.6 (4.2-17.4)
Early eczema effect at 16-20th years aOR (95%CT) 3.2(2.0-5.1) 3.9 (2.1-7.4)
Early eczema effect aOR (95%CI) - 5.0 (3.4-7.4) -
Time-period 7-10th vs. 5-6th years aOR (95%CT) 0.76 (0.57-1.02)
11-15th vs. 5-6th years aOR (95%CI) 0.58 (0.42-0.80)
16-20th vs. 5-6th years aOR (95%CI) 0.34 (0.21-0.52)
Asthma
Interaction feeding with early eczema * p-value 0.405 0.698 0.923
Final model M2 M2 M2
FB vs. CMF/non FB aOR (95%CTI) 1.2(0.72-2.1) 0.78 (0.45-1.3) 0.95 (0.59-1.5)
eHF-C vs. CMF aOR (95%CI) 1.1(0.52-2.1) -1 -1
Early eczema effect aOR (95%CI 2.2(1.6-3.1) 2.7 (1.6-4.9) 2.4(1.4-4.1)
Time-period 7-10th vs. 5-6th years aOR (95%CI) 25 (1.9-3.3) 2.4 (1.6-3.6) 2.0 (1.3-3.1)
11-15th vs. 5-6th years aOR (95%CT) 2.7 (2.0-3.6) 2.8 (1.7-4.5) 3.1(2.04.9)
16-20th vs. 5-6th years aOR (95%CI) 1.9 (1.4-2.7) 1.7 (1.0-3.0) 22(1.3-3.9)
AR
Interaction feeding with early eczema * p-value 0.471 0.186 0.040
Final model M2 M2 M3
FB vs. CMF/non FB aOR (95%CTI) 0.96 (0.68-1.3) 0.98 (0.71-1.4) -
eHF-C vs. CMF aOR (95%CI) 1.1 (0.69-1.7) 1 1
FB vs. non FB at early eczema - aOR (95%CI) 0.77 (0.53-1.1)
FB vs. non FB at early eczema + aOR (95%CT) 1.7 (0.84-3.4)
Early eczema effect aOR (95%CI 2.1(1.7-2.7) 2.7 (1.9-3.8)
Early eczema effect at FB aOR (95%CI) 2.7 (1.7-4.5)
Early eczema effect at non FB aOR (95%CT) 1.2(0.71-2.2)
Interaction feeding with time-periods p-value - - 0.004
FB vs. non FB at 5 -6th years aOR (95%CT) 0.68 (0.33 -1.5)
FB vs. non FB at 7-10th years aOR (95%CI) 0.90 (0.55-1.5)
FB vs. non FB at 11-15th years aOR (95%CT) 1.3 (0.81-2.0)
FB vs. non FB at 16-20th years aOR (95%CI) 2.2 (1.3-3.6)
Time-period 7-10th vs. 5-6th years aOR (95%CI) 2.3(1.9-2.8) 2.5 (1.9-3.4)
11-15th vs. 5-6th years aOR (95%CI) 3.3 (2.7-4.0) 3.6 (2.7-4.9)
16-20th vs. 5-6th years aOR (95%CI) 29 (2.4-3.6) 3.4 (2.4-4.8)
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Table 3. Cont.

Intervention Cohort Non-Intervention FH+ Non-Intervention FH—
(N =1661) (N =792) (N =1565)
AM
Interaction * feeding with early eczema p-value 0.558 0.169 0.177
Final Model M1 M1 M4
FB vs. CMF/non FB aOR (95%CI) 0.96 (0.72-1.3) 1.0 (0.76-1.4) —
eHF-C vs. CMF aOR (95%CI) 0.90 (0.61-1.3) 1 1
Interaction feeding with time-periods p-value - - 0.040
FB vs. non FB at 5-6th years aOR (95%CI) 0.81 (0.55—1.2)
FB vs. non FB at 7-10th years aOR (95%CI) 0.70 (0.50-0.99)
FB vs. non FB at 11-15th years aOR (95%CI) 0.90 (0.64-1.3)
FB vs. non FB at 16-20th years aOR (95%CT) 1.3(0.92-1.9)
Interaction early eczema with time-periods p-value 0.001 0.027 0.001
Early eczema effect at 5-6th years aOR (95%CT) 5.2 (3.9-6.9) 5.5 (3.6-8.4) 9.1 (6.2-13.4)
Early eczema effect at 7-10th years aOR (95%CI) 32(2442) 3.0 (2.0-4.5) 3.6 (2.4-5.4)
Early eczema effect at 11-15th years aOR (95%CT) 2.5(1.9-3.3) 3.2(22-4.8) 2.8(1.94.2)
Early eczema effect at 16-20th years aOR (95%CI) 2.1 (] 5-2.8) 2.6 (1.6-4.2) 2.2(1.4-34)

1 not to be determined in the non-intervention cohort; # All models were adjusted for family history of corre-
sponding disease, heredity of family allergy, sex, study region, siblings, parental education in the intervention and
non-intervention FH+ cohort and for sex, study region, siblings, parental education in the non-intervention FH—
cohort; * test of interaction-term whether early eczema modify the feeding association, started with all two-factor
interaction terms and used backward selection modelling. p-values for the interaction between feeding and
early eczema were derived from the last step, where the interesting term was deleted or from final model. Final
models: Only significant interaction terms were retained as a result from backward selection modelling. The main
interesting factors milk feeding and early eczema as well as time-period and the set of confounders were fixed in
the models (and excluded from elimination process). M1: model includes variables for time-periods, status of
early eczema, feeding groups and the interaction of status of early eczema with time-periods; M2: model includes
variables for time-periods, status of early eczema, feeding groups; M3: model includes variables for time-periods,
status of early eczema, FB feeding, interaction of status of early eczema with feeding and interaction of feeding
with time-periods; M4: Model includes variables for time-periods, status of early eczema, feeding groups and the
interaction of feeding with time-periods and interaction of status of early eczema with time-periods.

4. Discussion

Using data from the GINIplus study up to 20 years of age, we examined whether early
eczema is a determinant of the course of allergic disease until early adulthood. Additionally,
we examined the hypothesis of a potential rebound effect in breastfed children after initial
protection against allergies in young childhood. Our analysis showed that early eczema
is linked with a higher risk of all types of allergic diseases over the course of childhood
up to 20 years of age. Odds ratios were generally highest for eczema, but decrease with
increasing age. Additionally, our analysis provides evidence that preventive effects of full
breastfeeding on eczema are restricted to subgroups and early childhood, attenuate over
time and do not persist until young adulthood. However, since early eczema was not
observed to modify the association between milk feeding and allergy risk, we did not find
evidence of a rebound effect after initial protection in young childhood.

Our present analysis shows that early eczema is not only associated with eczema in
later life, but also with rhinitis and asthma. This finding could be related to a “multimorbid”
allergic cluster, which was identified as one of seven different clusters of allergic disease de-
velopment from birth until adolescence in a combined analysis of the German GINIplus and
LISAplus studies [19]. Our data also showed that eczema prevalence decreases over time in
those subjects with early eczema, indicating a natural remission, i.e., an “early—resolving
dermatitis” cluster [19]. Interestingly, Kilanowski et al. identified sex, parental history
of allergies, and pet exposure as early life determinants for the different clusters, while
breastfeeding did not differ between allergic cases and controls in their analysis [19].

Our finding that full breastfeeding does not decrease the risk of allergic diseases across
subgroups and at different ages is completely in line with conclusions stated in the current
S3-guidelines Allergy Prevention in Germany [2]. Focusing on data from a particularly
vulnerable group, i.e., children with a family risk for allergic diseases, the GINIplus study
indicates that full breastfeeding might only have transient preventive effects on allergy in
early life. Indeed, the initial reduction in cumulative incidence of eczema lost its significance
when considering data up to young adulthood, while lower risks of rhinitis or asthma were
neither observed in the short- nor in the long-term in this subgroup. The Global Initiative for
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Asthma (GINA) recently also concluded that breastfeeding decreases wheezing episodes in
early life, but may not prevent the development of persistent asthma [20]. Interestingly, the
hypothesis of attenuating effects on eczema and/or asthma does not seem to be transferable
to infant nutrition in general. Using data from the I-cohort, we recently examined effects
of different types of formulae [12]. We observed that the cumulative incidence of eczema
until young adulthood was reduced in children fed with eHF-C or pHF-W compared to the
CMF group. Additionally, asthma prevalence between 16 and 20 years was significantly
lower in both groups compared to CMF.

Two very recent studies using data from large-scale population-based studies, i.e.,
National Health and Nutrition Examination Survey (NHANES, 833 cases and 5167 con-
trols) [21] and UK Biobank (7157 cases with childhood-onset asthma and 158,253 con-
trols) [22], could not yet be considered in the above-mentioned guidelines. Both showed po-
tential protective effects: Breastfed children from the UK Biobank less frequently developed
asthma until 12 years of age compared to their counterparts who were not breastfed [22].
The second study showed that in three to six year-old children participating in NHANES
who were exclusively breastfed for at least four to six months asthma risk was reduced by
31% compared with children never breastfed [21]. Interestingly, Chen et al. also reported
that protective effects seem to diminish in older children [21].

We hypothesized that diminishing protective effects could represent a rebound effect
in fully breastfed children. This could be explained through less exposure to potential aller-
gens in cow’s milk formula which in turn might influence the development of tolerance and
therefore affect development of allergic diseases in the long-term. Another explanation for
the reduced protective effect could be that the early exposure to immune components found
in breast milk such as antibodies, growth factors, cytokines, antimicrobial compounds, and
specific immune cells [23] might only protect against allergies until young childhood. Over
the years, other factors including environmental factors such as air pollution are likely
to have an increasing effect on the immune system, overriding nutritional effects during
infancy. However, longitudinal analyses over the course of childhood in our study did
not generally support the hypothesis of a rebound effect. To the best of our knowledge, a
rebound effect in fully breastfed children regarding allergies has not yet been examined in
other studies. Most studies are limited in that they focused on relatively early periods of life
potentially hampering identification of a rebound effect. Up to now, the 16-years follow-up
of the cluster-randomized controlled study PROBIT conducted in Belarus provides the
longest-term insights into this topic [24]. Focusing on effects of breastfeeding promotion on
health development, PROBIT also assessed several allergy outcomes at the age of 16 years
with mixed results: Flohr et al. reported a 50% risk reduction regarding flexural eczema
on skin examination at 16 years of age, but no significant associations with self-reported
eczema or asthma symptoms in the past year [24]. Rebound effects of breastfeeding were
not reported.

While the findings in PROBIT based on self-reports are comparable with our GINIplus
data, the reduction in the prevalence of flexural eczema based on clinical examination even
seems to indicate long-term protective effects of full breastfeeding [24]. Accordingly, studies
using self-reports on eczema such as GINIplus might underestimate long-term effects of
breastfeeding. However, partly conflicting results between GINIplus and PROBIT may also
be explained by differences in study design and populations. PROBIT was conducted in a
setting with a low risk of allergic diseases: Prevalence of family risk of allergic diseases (5.2%
in the intervention group and 3.7% in the control group) as well as the prevalence of eczema
in study participants themselves (<1% in both study groups upon skin examination as well
as self-reported symptoms) [24] were substantially lower compared with the population
in our GINIplus study. It might be speculated that breastfeeding is more relevant in the
long-term in populations where genetic risk and/or exposure to other risk factors is less
pronounced. Even if protective effects of breastfeeding on eczema are restricted to early
childhood in populations such as GINIplus, these effects could still be relevant for long-
term health beyond allergies. A previous analysis of the GINI study revealed a higher
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risk for mental health problems at the age of 10 years in children with infant-onset eczema
even if eczema was limited to infancy compared with children never diagnosed as having
eczema [25]. Accordingly, full breastfeeding could have indirect long-term effects on mental
health by protecting against infant onset eczema.

While our study in general did not reveal long-term effects of breastfeeding on allergies,
an interesting finding is that we also observed potential long-term benefits in a subgroup
with low allergy risk: In children without family risk of allergies and without early eczema,
a subgroup that has not been in the focus so far, full breastfeeding was associated with
a lower period prevalence of rhinitis between five and 20 years of age. Considering that
this finding missed significance, more studies are needed to confirm a potential long-term
preventive effect of breastfeeding particularly in children with a negative family history
of atopy.

A strength of our analysis is that we considered data not only until adolescence, but
up to young adulthood. Compared with previous results from GINIplus considering data
until adolescence only [8], slightly decreasing effect sizes as well as the lack of significance
regarding cumulative incidence of eczema in the current analysis indicate that the relevance
of breastfeeding might attenuate further in young adulthood. A further strength of GINI-
plus is that the repeated allergy assessment is based on the same set of questions throughout
the ages. Accordingly, these data provide the opportunity to conduct longitudinal data
analysis which not only increases the statistical power, but also enables the evaluation of
rebound effects of breastfeeding over time.

Several limitations of the study need to be considered. First of all, although GINIplus
included an interventional study cohort, this part of the study was not a priori designed to
assess the effects of breastfeeding. In the interventional study, mothers were encouraged to
exclusively breast-feed for at least 4 months and preferably 6 months. The decision to in-
clude the specific study formula in their children’s diet was exclusively made by the parents.
In the NI cohort, parents did not receive dietary recommendations. Accordingly, the present
data analysis represents an observational study design, which hampers conclusions on
causality due to the general risk of reverse causation and residual confounding. Regarding
the relationship between breastfeeding and atopic diseases, Lowe et al. hypothesized that
the protective effects of breastfeeding could be masked due to prolonged breastfeeding in
children with early signs of atopic diseases [26]. Accordingly, our study may underestimate
the true preventive effects of breastfeeding. Regarding the risk of residual confounding,
we observed that early eczema was associated with both, exposition (i.e., full breastfeed-
ing) and outcome (i.e., allergic diseases). Accordingly, future studies investigating allergy
prevention effects of breastfeeding should consider early eczema as potential mediator
or confounder. Last but not least, the GINIplus sample is not representative for children
in Germany, which might restrict the external validity of our results. However, e.g., full-
breastfeeding prevalence was comparable to the representative SuSe I study conducted in
1997: in SuSe I, a prevalence of 48.5 % of breastfeeding only (exclusive and predominant
breastfeeding, i.e., breastfeeding plus liquids) was found in West Germany at the age of 4
months [27]. We therefore believe that our results give a good impression on the relevance
of breastfeeding for allergy prevention in the general population.

5. Conclusions

Preventive effects of breastfeeding seem to attenuate with increasing age at least in
children with family risk of allergies. However, there is no rebound effect in fully breastfed
children without early eczema with regard to allergies in later life. Accordingly, data
from GINIplus confirm that breastfeeding should be recommended in terms of allergy
prevention—at least for beneficial effects in early life. Potential long-term protection against
rhinitis in children with low family risk of allergies needs to be confirmed in future studies.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/nu15122780/5s1, Table S1: Number of participants during follow-
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up stratified by eczema during first 3 years and mode of milk feeding in the first 4 months in the
intervention cohort and by early eczema and status of full-breastfeeding (FB) in the first 4 months in
the non-intervention cohort with family risk of atopy (FH+) and without family risk of atopy (FH—);
Table S2: Cumulative incidence of allergic diseases from birth to 20 years of age for fully breastfed
infants in comparison with formula fed infants in the intervention-cohort and in comparison with
non-fully breastfed infants with family risk of atopy (FH+) and without family risk of atopy (FH—) in
the non-intervention-cohort.
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Abstract: This prospective cohort study was conducted to evaluate the association between women'’s
satisfaction with breastfeeding at 1 month post-partum and the risk of exclusive breastfeeding (EBF)
interruption before 6 months. 287 mother-infant dyads randomly selected from two maternity hospi-
tals were followed from birth to 24 months of infant’s age. Women's satisfaction with breastfeeding
was assessed using the Maternal Breastfeeding Evaluation Scale (MBFES) at 1 month. The association
between women’s satisfaction with breastfeeding and risk of EBF interruption before 6 months
was estimated using Cox proportional hazards model. Kaplan-Meier survival curves for EBF were
compared between women with lower satisfaction with breastfeeding (MBFES score < median 124)
and those with higher satisfaction (MBFES score > 124). Median EBF duration in women with higher
satisfaction was 120 days (95%CI 109-131), vs. 26 days (95%CI 19-33) in less satisfied women. Each
additional point on MBFES promoted a reduction of 2.0% in the risk of EBF interruption. Among
women with satisfaction scores < 124, the risk of EBF interruption was 86% higher when compared
with those > 124 (adjusted hazard ratio 1.86; 95%CI 1.41-2.46). Lower maternal satisfaction with
breastfeeding in the first month post-partum is associated with a higher risk of EBF interruption
before 6 months.

Keywords: exclusive breastfeeding; maternal and child health; personal satisfaction

1. Introduction

Despite the large body of evidence supporting the positive impact of breastfeeding
on both child and maternal health, this way of feeding a small infant is still too seldom
practiced [1]. At the global level, 48% of infants younger than 6 months are exclusively
breastfed, 70% are breastfed at 1 year, and 45% at 2 years [2]. In Brazil, these breastfeeding
indicators are below the global average: 45.8%, 52.1% and 35.5%, respectively [3]. Both
globally and in Brazil, much effort will be needed to achieve the WHO/UNICEF 2030 targets
for exclusive breastfeeding (70%), continued breastfeeding up to at least 1 year (80%), and
continued breastfeeding up to at least 2 years (60%) [2].

The identification of factors that can influence breastfeeding duration—especially
modifiable ones—is paramount for the planning and implementation of interventions,
especially in populations which are most vulnerable to early interruption of breastfeed-
ing. Among the modifiable factors that deserve investigation, women'’s satisfaction with
breastfeeding has become increasingly valuable, since it involves aspects that are often
neglected by health professionals, such as expectations, desires, and the needs of breast-
feeding women and their infants, the bonding between mother and child, as well as the
woman’s self-confidence as a mother [4-7].

Breastfeeding success is often assessed by researchers and health professionals based
on its duration or on the absence of problems. Nevertheless, some studies have shown
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that, from the woman’s point of view, the quality of the breastfeeding experience seems
to be as important as or even more important than the duration or exclusivity of breast-
feeding [5-10]. Still, women'’s satisfaction with breastfeeding has been given little value
so far.

The first studies on the relationship between maternal satisfaction with breastfeeding
and the duration of this practice emerged in the 1990s. Since then, two studies have shown
a weak correlation between women's satisfaction with breastfeeding and its duration [8]
and one found a strong correlation [10]. Two other studies showed a positive association
between them [5,6]. Studies evaluating the influence of women’s satisfaction on exclusive
breastfeeding duration are scarce [10,11] and none have evaluated the influence of maternal
satisfaction with breastfeeding in the first month after birth on the practice of exclusive
breastfeeding throughout the first 6 months of the infant’s life. Thus, considering the
importance of exclusive breastfeeding and the scarcity of studies exploring women’s
satisfaction with breastfeeding, especially in Brazil, the present study aimed to evaluate
the association between women'’s satisfaction with breastfeeding at 1 month post-partum
and the risk of exclusive breastfeeding interruption throughout the first 6 months. These
findings might be useful in promoting, protecting and supporting breastfeeding, at both
the individual and collective levels, not only to improve indicators, but also to enhance the
quality of women'’s breastfeeding experience.

2. Materials and Methods

In this prospective cohort study conducted in the municipality of Porto Alegre, south-
ern Brazil, mother-infant dyads were followed for 24 months. The sample comprised
mothers who gave birth at two large maternity hospitals in the city, one public and one
private. In 2016, these two maternity hospitals accounted for 3725 and 4182 deliveries,
respectively, of a total of 30,268 [12,13]. In order to be included in the study, mothers and
their respective newborns should meet the following criteria: residing in the municipality
at the time of delivery; singleton, live full-term newborn (gestational age > 37 weeks);
mother and infant staying together in the same room (rooming-in) during the hospital stay;
and having initiated breastfeeding. Exclusion criteria consisted of any problem observed
in the mother or newborn that could significantly affect breastfeeding, e.g., orofacial mal-
formations or any serious illness that required separation between mother and newborn.
Dyads residing in areas with high rates of violence (defined as areas where primary health
care worker visits were suspended for security reasons) were also excluded in order to
preserve the safety of the interviewers.

A sample size of 219 women was calculated for this study’s objective, using the
WinPepi version 11.43, considering the following parameters: significance level of 5%,
power of 80%, 20% of participants lost to follow-up, and a difference of 20 percentage points
in the rates of exclusive breastfeeding in infants younger than 6 months between women
with higher vs. lower levels of satisfaction, according to data found in the literature [14].
In order to reflect the public vs. private distribution in health service utilization in Brazil
(approximately 70% and 30%, respectively [15]), we projected the selection of one woman
at a private maternity hospital for every two women at the public facility.

Women were selected daily, also on the weekends, between January and July 2016, at
the rooming-in section of the obstetric units. Dyads meeting the inclusion criteria and who
had given birth in the past 24 h were considered eligible. Subsequently, the eligible dyads
were randomly selected for inclusion using the lottery method. If the initially selected dyad
was found to meet an exclusion criterion, or refused to participate, that dyad was replaced
by repeating the lottery draw procedure.

The dyads were followed from birth to 24 months of infant’s age, or to the age of
weaning if before 24 months. For the present study, only the data relating to the infant’s
6 months of life were used.

Interviews were conducted by 10 interviewers, all working in the health field and
previously trained for the task. The first contact was made at the maternity ward, where
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women were invited to participate in the study; those who agreed were asked to answer a
brief questionnaire covering demographic data and delivery information. Between 31 and
37 days after birth, the first home visit took place. At this occasion, a standardized ques-
tionnaire was administered to obtain data on socio-demographic characteristics, woman’s
health, information on latest pregnancy, delivery and immediate post-partum period, and
the first month of life of the infant. Subsequent contacts were made by telephone at 2 and
4 months, and in person during a home visit at 6 months, to obtain updated information
on the infant’s feeding habits. Dyads who were not found after three telephone contact and
one home visit attempts were considered as losses. Whenever dyads were lost to follow-up
at some point of the data collection process, attempts were made to interview these women
at subsequent data collection points.

Women'’s satisfaction level with breastfeeding in the first month post-partum was the
main variable of interest. The information was obtained via self-application of the Maternal
Breastfeeding Evaluation Scale (MBFES) [16] during the first home visit. This instrument
assesses maternal perception of the quality of their breastfeeding experience, considering
not only maternal factors, but also child factors. The original version of the MBFES [17] is
comprised of 30 items, distributed into three subscales: maternal pleasure and role, child
satisfaction and growth, and maternal lifestyle and body image. For each item, there are
5 Likert-type answers, ranging from 1 point (totally disagree) to 5 points (totally agree);
higher values indicate higher satisfaction levels. The MBFES used in the present study
was validated for use in the Brazilian population [16] starting from the version translated
and validated into Portuguese by Galvao [6]. The Brazilian version maintained the three
subscales of the original instrument, but resulted in 29 items, out of the original 30, due
to the low factor loading of one item. Thus, the total possible score could range from 29
to 145. The validation process of the Brazilian version of the MBFES showed that it is a
valid and reliable tool to be applied to the Brazilian population (Cronbach’s alpha = 0.88,
95%CI 0.86-0.90). More details of the Brazilian Portuguese validation process can be found
elsewhere [16].

The outcome of this study was defined as the interruption of exclusive breastfeeding
before 6 months of infant’s age, measured as days of exclusive breastfeeding. Exclusive
breastfeeding was defined according to the WHO criteria, i.e., receiving breast milk, either
directly from the mother’s breast, extracted from the mother’s breast, or human donor
breast milk, with no other liquid or solid foods, not even water, except for drops or solutions
containing vitamins, oral rehydration salts, mineral supplements or medicine [18].

Statistical analyses were performed using the Statistical Package for the Social Sciences
(SPSS) for Windows version 21.0 (IBM, Chicago, IL, USA). Using the chi-square test, the
group of women who concluded the study were compared to those who were excluded,
to those who refused to participate, and also to those who were lost to follow-up. Results
showing p < 0.05 were considered significant.

Kaplan-Meier survival curves were calculated to illustrate the time to interruption of
exclusive breastfeeding among women presenting lower satisfaction with breastfeeding
(MBFES score below the median) vs. those with higher satisfaction levels (MBFES score
at or above the median). The survival analysis was also used to calculate the median
duration of exclusive breastfeeding and to assess the accumulated probability of exclusive
breastfeeding duration.

The association between women'’s satisfaction with breastfeeding and risk of exclusive
breastfeeding interruption before 6 months was estimated as hazard ratios and respective
95% confidence intervals (95%CI) using the Cox proportional hazards multivariate regres-
sion model. The explanatory variable was used in two different ways: via the MBFES score
obtained continuously, and via the median obtained with application of the instrument
(124 points).
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Variables added to the adjustment model were those reaching p < 0.2 in the univariate
analysis. Categories used as reference were those known to protect exclusive breastfeeding,
according to information from the literature. The following variables were explored: socio-
demographic characteristics of the woman (age, socio-economic level, schooling level, skin
color, parity, and cohabitation with infant’s father), infant’s sex, data related to hospital care
(type of birth and type of hospital (public vs. private)), and breastfeeding problems in the
first month post-partum (breast engorgement, pain while breastfeeding, cracked nipples,
perceived low milk supply, infant difficulties with latching on/sucking). Socio-economic
level was divided in five strata, A (better off) to E, according to criteria proposed by the
Brazilian Association of Research Companies [19]. The effect measure was considered to be
modified when p < 0.05.

To control for data quality, answers given to key questions of the questionnaire were
checked in approximately 5% of the sample, via telephone contact, concomitantly with data
collection, at all data collection stages.

The present study was conducted in line with norms and regulations applicable to
research involving humans (Resolution 466/2012 of the Brazilian National Health Council)
and was approved by the Ethics Committees of Hospital de Clinicas de Porto Alegre and
Hospital Moinhos de Vento (CAAE 49938015.3.0000.5327 and 46775115.0.3002.5330). All
women who agreed to participate in the study signed an informed consent form before the
start of data collection.

3. Results

Of the 503 women selected for the study using the lottery method, 124 were excluded
because they lived in areas with high rates of violence, and 25 (5%) refused to participate
in the study. The characteristics of the excluded women did not differ from those of
the women who participated in the study with regard to skin color (p = 0.949), parity
(p = 0.384), age (p = 0.286) and infant’s sex (p = 0.746); however, the women excluded
showed lower schooling level (p < 0.001) and a higher prevalence of vaginal deliveries
(p = 0.01). Conversely, the profile of the women who refused to participate was similar
to that of the women who participated in the study with regard to skin color (p = 0.125),
parity (p = 1.00), and age (p = 0.279), but they differed by presenting lower schooling level
(p <0.001).

In addition, 67 women could not be located for the first home visit interview. These
women showed differences in relation to the women who participated in the study with re-
gard to schooling level and skin color—they showed lower schooling level (none had started
college vs. 43.2%; p < 0.01) and a higher prevalence of white skin color (87.7% vs. 75.3%;
p =0.032). A total of 30 (10.4%) women were lost to follow-up, i.e., interviewed at the end
of the first month but not found for the interview at 6 months.

After the losses and excluding women who interrupted breastfeeding before 6 months,
the number of mother—infant dyads included in the study at each data collection stage was
as follows: 287 at 30 days, 228 at 60 days, 218 at 120 days, and 213 at 180 days.

Maternal age ranged from 16 to 45 years, with a mean of 29 years (standard devia-
tion £ 6.6). Most women had white skin color, lived with the infant’s father, and did not
have a college degree. The following variables were associated with exclusive breastfeeding
duration in the univariate analysis (p < 0.2) and were therefore included in the multivariate
model: maternal age and schooling level, cohabitation with infant’s father, and breastfeed-
ing problems in the first 30 days post-partum, namely, cracked nipples, perceived low milk
supply, and infant difficulties with latching on/sucking. The socio-economic variable was
also associated with the outcome, but was not added to the multivariate analysis due to its
strong interaction as a proxy for schooling level (Table 1).
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Table 1. Sample characteristics (n = 287). Porto Alegre, Brazil, 2016.

Exclusive Breastfeeding

Variable n =287 % Interruption 2
p b
Age
<30 years 142 49.5 0.074
>30 years © 145 50.5
School level (college)
Yes © 100 34.8 0.016
No 187 65.2
Socio-economic
classification
A/B¢ 163 56.8 0.233
C/D/E 122 425
Lost 2 0.07
Skin color
White 216 75.3 0.554
Black/brown © 71 24.7
Parity
Primiparous 142 49.5 0.424
Multiparous € 145 50.5
Cohabitation with
infant’s father
Yes © 248 86.4 0.007
No 39 13.6
Return to work ©
Yes 142 49.5 0.220
No ¢ 145 50.5
Hospital type
Public © 194 67.6 0.706
Private 93 32.4
Type of delivery
Vaginal © 149 51.9 0.995
C-section 138 48.1
Newborn sex
Male © 136 474 0.814
Female 151 51.6
Breast engorgement d
Yes 134 46.7 0.860
No © 153 53.3
Pain while
breastfeeding d
Yes 182 63.4 0.328
No ¢ 105 36.6
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Table 1. Cont.

Exclusive Breastfeeding

Variable n =287 % Interruption 2
pP
Cracked nipples ¢
Yes 135 47.0 0.028
No ¢ 152 53.0
Perceived low milk
supply 4
Yes 84 29.3 <0.001
No © 203 70.7
Difficulties latching
on/sucking 4
Yes 63 22.0 <0.001
No ¢ 224 78.0

2 Exclusive breastfeeding interruption before 6 months of infant’s age. b Cox regression to test variables included in
the multivariate model (p > 0.20). © Return to work at any time in the first 6 months post-partum. ¢ Breastfeeding
problems in the first 30 days post-partum. ¢ Reference category.

The median MBFES score in the sample was 124, with an interquartile range of
113 to 131. The median duration of exclusive breastfeeding in the whole sample was
67 days (95%CI 41-93), i.e., 120 days (95%CI 109-131) among women with higher levels of
satisfaction (score at or above the median) and 26 days (95%CI 19-33) among the women
with lower satisfaction (score below the median). This difference was statistically significant
(p <0.001).

Figure 1 shows Kaplan-Meier survival curves calculated for exclusive breastfeed-
ing over the first 6 months of infant’s age according to women's satisfaction levels with
breastfeeding (higher vs. lower levels) assessed at 30 days of life of the infant.

MBFES median

10
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™ " 2124=higher satisfaction
s " <124=lower satisfaction censored
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» .
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Figure 1. Survival curves for exclusive breastfeeding duration, considering woman'’s satisfaction
with breastfeeding. Porto Alegre, Brazil, 2018. MBFES = Maternal Breastfeeding Evaluation Scale.

A positive association was found between exclusive breastfeeding duration and
MBEES score at 30 days: for each additional point in the score, a reduction of 2.0% was
observed in the risk of exclusive breastfeeding interruption. Among women with lower
levels of satisfaction (score < 124), the risk of exclusive breastfeeding interruption was 86%
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higher when compared with women showing higher satisfaction levels (scoring > 124;
Table 2).

Table 2. Cox proportional hazards multivariate regression model to test the association between risk
of exclusive breastfeeding interruption before 6 months of infant’s life and women’s satisfaction with
breastfeeding in the first month post-partum (n = 287). Porto Alegre, Brazil, 2018.

Univariate Analysis Multivariate Analysis ?

Model HR (95%CT) P HR (95%CT) P

Risk of exclusive breastfeeding
interruption x MBFES score
Risk of exclusive breastfeeding
interruption x lower satisfaction 2.15 (1.66-2.78) <0.001 1.86 (1.41-2.46) <0.001
with breastfeeding ®
95%CI = 95% confidence interval; HR = hazard ratio; MBFES = Maternal Breastfeeding Evaluation Scale. * Ad-
justment variables: maternal age, maternal schooling level, cohabitation with infant’s father, and breastfeeding
problems: cracked nipples, perceived low milk supply, and difficulty latching on/sucking. ® Median MBFES
score: 124.

0.97 (0.96-0.98) <0.001 0.98 (0.97-0.99) <0.001

Table 3 presents the accumulated probability of exclusive breastfeeding over the first
6 months of life of the infant, according to maternal satisfaction with breastfeeding. The
data show that the risk of breastfeeding interruption among women with lower satisfaction
levels increases over time.

Table 3. Cumulative probability of risk of exclusive breastfeeding interruption along the infant’s
first 6 months of age according to maternal satisfaction with breastfeeding measured at 30 days
post-partum. Porto Alegre, Brazil, 2018.

Exclusive Breastfeeding Probability (%) 2 Exclusive Breastfeeding

Time Total MBFES < 124 MBFES > 124 Interruption before 6 Months, 14
1d 1d d HR ? (95%CI) €
30 days 58.9 43.6 73.5 1.68 (1.09-2.57) 0.018
60 days 50.4 34.9 65.2 1.64 (1.11-2.43) 0.013
90 days 45.1 29.0 60.3 1.76 (1.24-2.51) 0.002
120 days 33.7 17.4 49.2 1.73 (1.23-2.44) 0.002
150 days 22.8 12.7 32.6 1.73 (1.29-2.32) <0.001
180 days 14.5 4.8 23.7 1.86 (1.41-2.46) <0.001

95%CI = 95% confidence interval; HR = hazard ratio; Id = incidence density; MBFES = Maternal Breastfeeding
Evaluation Scale. @ Percentages were obtained using the Kaplan-Meier method. ? Adjusted for the following
variables: maternal age and schooling level, cohabitation with infant’s father, occurrence of cracked nipples,
perceived low milk supply, and difficulty latching on/sucking. € 95%ClIs obtained with Cox proportional hazards
multivariate regression model.

4. Discussion

The present study showed that women with lower levels of satisfaction with breast-
feeding in the first month of life of the infant, as assessed by the MBFES, were at an
increased risk of interrupting exclusive breastfeeding before 6 months. For every additional
point in the MBFES score, that risk decreased by 2.0%. The risk of exclusive breastfeeding
interruption was 86% higher among women scoring below the median when compared to
women with higher scores. Particularly interesting is the fact that, throughout the period
assessed, lower levels of satisfaction with breastfeeding in the first month increased the risk
of exclusive breastfeeding interruption at all subsequent months, suggesting that maternal
satisfaction with breastfeeding in the first month post-partum can be an indicator of risk of
exclusive breastfeeding interruption over the first 6 months post-partum.

There are already some studies pointing to an association between women'’s satis-
faction with any breastfeeding and its duration. Among the most significant is the study
by Galvao [6], carried out with Portuguese women, which showed a close relationship
between satisfaction with breastfeeding measured at different times and the duration of
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any breastfeeding. Yet studies on breastfeeding satisfaction focusing on exclusive breast-
feeding are rare. One of them is a longitudinal, quasi-experimental study, conducted in
Australia [10]. That study found a strong positive correlation between maternal percep-
tion of breastfeeding success, assessed using MBFES, and exclusive breastfeeding length
(r=0.63; p <0.001). The other study, conducted in Poland, assessed maternal satisfaction
with breastfeeding at 3 months of the infant’s life, using a scale from 0 to 10, with 10 being
the best level. The authors concluded that maternal satisfaction with breastfeeding was
one of the predictors of exclusive breastfeeding at 6 months (adjusted OR (95%CI) 1.44
[1.01-2.06], p = 0.04) [11]. The results of those two studies are in line with the results
of the present study, corroborating the conclusion that women with lower breastfeeding
satisfaction levels breastfeed exclusively for shorter times.

The association between lower woman satisfaction with breastfeeding and higher
risk of exclusive breastfeeding interruption before 6 months found in this study is not
surprising—women who are more satisfied with breastfeeding are expected to breastfeed
for longer. However, demonstrating that association is very important, as it adds one
further element to the discussion when evaluating risk of early exclusive breastfeeding
interruption. When low levels of maternal satisfaction with breastfeeding are detected,
interventions should be discussed with the woman to improve her satisfaction, not only in
an attempt to increase exclusive breastfeeding duration (if wished by the mother), but also
to make the unique breastfeeding experience with the child a more enjoyable one.

The level of satisfaction with breastfeeding observed among the women assessed in
this study was high (median of 124 points from a maximum of 145). In Australia, the
mean scores obtained with MBFES for maternal satisfaction with breastfeeding were 116
at 15 days post-partum and 117 at 45 days [5]. In the present study, women seemed more
satisfied than in the Australian study, especially if we take into consideration that the
maximum score of the original instrument is 150 (not 145, as in the Brazilian version).
Conversely, the median found in Portuguese women assessed at 1 and 6 months of infant’s
age was 133 [4], higher than the median in the present investigation.

The significant difference observed in the median exclusive breastfeeding duration
among women with higher satisfaction when compared to those with lower satisfaction
levels, namely, 120 vs. 26 days, stands out. Certainly, a difference of 3 months in exclusive
breastfeeding duration will have consequences to the infant’s health. A study conducted
in the United Kingdom found an estimated reduction of 53% in hospitalizations due
to diarrhea and of 27% due to respiratory tract infections for every month of exclusive
breastfeeding [20].

Although this study has shown an association between women’s level of satisfaction
with breastfeeding and duration of exclusive breastfeeding, it did not explore the reasons
for more or less satisfaction. It is known that post-partum depression may increase the risk
of early interruption of breastfeeding [21]; on the other hand, weaning can induce or worsen
depression [22]. It is very likely that maternal satisfaction with breastfeeding is involved
in this association. In fact, the interrelationship between satisfaction with breastfeeding
and symptoms of post-partum depression has already been demonstrated [23]. Therefore,
in addition to assessing the women'’s satisfaction with breastfeeding, it is important and
necessary to obtain information about the mother’s psychosocial environment, including
information on her support network, and the mental health of her companion and other
close relatives.

Among the strengths of this original study, we highlight its methodology: a cohort
study with a randomly selected sample, followed for 24 months, rigorously conducted with
face to face interviews, use of an instrument validated for the Brazilian population (MBFES)
for the assessment of woman satisfaction with breastfeeding, not to mention the quality
control on data collected throughout the follow-up period. The frequency of interviews
conducted in the first 6 months of infant’s age (at 1, 2, 4, and 6 months) virtually eliminated
any memory bias with regard to exclusive breastfeeding duration.
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Notwithstanding, the study also presents some limitations. One of them is the exclu-
sion of women who resided in more violent areas, which may have affected the external
validity of the findings. Still, comparison of those women to those who completed the
study showed that both groups were similar in most of the variables analyzed, differing
only with regard to schooling level and type of delivery. This limitation was minimized
by including schooling level in the multivariate model; type of delivery was not included
due to the absence of a significant association with the outcome in the univariate analysis.
Another limitation was the number of participants lost to follow-up, but we believe that
the statistical model employed has helped minimize that bias as well. The differences
between the group of women who were lost to follow-up and those who completed the
study (schooling level and skin color) may have interfered with the estimated values, but
not with the association found between women's satisfaction with breastfeeding in the first
month post-partum and duration of exclusive breastfeeding.

5. Conclusions

The present study confirmed the existence of an association between women’s lower
satisfaction with breastfeeding at the first month post-partum and an increased risk of
exclusive breastfeeding interruption before 6 months of infant’s age. Given the importance
of exclusive breastfeeding for the mother—infant dyad, in terms of health benefits and
well-being, this study makes a relevant contribution by highlighting the central role played
by mother’s satisfaction with breastfeeding, as well as the need to assess it in clinical
practice, especially in the first month post-partum. Once the health professional becomes
aware of the low levels of satisfaction reported by a breastfeeding woman, and discusses
with her the factors that might be contributing to this, it becomes possible to propose
interventions, with the aim not only of postponing weaning, but especially of promoting a
more enjoyable experience for the mother—infant dyad. This is an important contribution
for the practice of primary health care workers, clinical breastfeeding consultants, and
community midwives. At the collective level, this study suggests that interventions to
increase maternal satisfaction with breastfeeding could be useful as part of breastfeeding
promotion, protection and support actions, with the goal of increasing the rates of exclusive
breastfeeding in infants younger than 6 months, keeping in mind the WHO’s and UNICEF’s
goal to reach 70% by 2030 [2]. Further similar studies should be conducted with other
populations to confirm the present findings. Likewise, studies looking in more detail at the
factors associated with higher or lower satisfaction with breastfeeding, and at the factors
involved in this association, are also warranted. Such knowledge could then help health
professionals prevent and also better handle maternal dissatisfaction with breastfeeding.
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Abstract: Breastfeeding is associated with reduced lifetime cardiometabolic risk, but little is known
regarding the metabolic benefit in a subsequent pregnancy. The primary aim of this study was to
investigate the association between breastfeeding duration and intensity and next pregnancy oral
glucose tolerance test (OGTT) results. A retrospective cohort study was conducted from March
2020 to October 2022. All multiparous women who met inclusion criteria and gave birth during
the study period were eligible for inclusion. Analysis was stratified by risk for gestational diabetes
(GDM). High GDM risk criteria included previous GDM and BMI > 35 kg/m?. The association
between breastfeeding duration and high-intensity breastfeeding (HIBF) and subsequent pregnancy
OGTT were assessed with multivariate logistic models adjusted for statistically and clinically relevant
covariables. There were 5374 multiparous participants who met the inclusion criteria for analysis. Of
these, 61.7% had previously breastfed for >6 months, and 43.4% were at high risk for GDM. HIBF was
associated with 47% reduced odds of an abnormal fasting glucose in a subsequent pregnancy OGTT
(@OR 0.53; 95%CI 0.38-0.75; p < 0.01). There was no association between HIBF and other glucose
results on the OGTT. Women who smoked were least likely to breastfeed at high intensity (aOR 0.31;
95%CI 0.21-0.47; p < 0.01). South Asian women had 65% higher odds of HIBF than women who
identified as White/European (aOR 1.65; 1.36-2.00; p < 0.01). This study highlights the importance
of exclusive breastfeeding to potentially reduce the prevalence of GDM and may also translate into
long-term reduction of cardiometabolic risk.

Keywords: breastfeeding; cardiovascular disease; diabetes; gestational diabetes mellitus; lactation;
pregnancy; type 2 diabetes mellitus

1. Introduction

Women who breastfeed for a greater duration and more exclusively have a reduced
lifetime risk of type 2 diabetes as well as an improved cardiometabolic profile [1-3]. Breast-
feeding is supported by groups such as the World Health Organization (WHO), who
recommends exclusive breastfeeding as critical for infant health for the first six months of
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life and continued breastfeeding to age two and beyond [4]. Further to the well- established
infant health advantages of breastfeeding, there are globally recognized economic savings
linked to the reduction in maternal and infant mortality and morbidity as well as envi-
ronmental benefits associated with breastfeeding [5,6]. However, exclusive breastfeeding
rates remain obstinately low, with little chance that the WHO global target of 70% exclusive
breastfeeding during the first six months will be met by the target year of 2030 [7].

Gestational diabetes (GDM) rates vary depending on diagnostic criteria and popula-
tion; estimates are between 4% and 28%, with a documented rising prevalence [8,9]. Women
with GDM have a lifetime twofold increased risk of cardiovascular disease (CVD) and an
estimated six- to tenfold maternal future risk of type 2 diabetes [10,11]. The rise in global
mortality from non-communicable diseases (NCDs) is a global health crisis, recognized by
the United Nations’ Sustainable Development Goals to reduce NCD-preventable mortality
by one-third by 2030 [12]. To help meet these targets, urgent preventive measures are
required to reduce the incidence of GDM and thus maternal and infant type 2 diabetes
risk. Various strategies have been adopted, aimed at lowering the prevalence of GDM
and type 2 diabetes, focusing principally on lifestyle intervention, with inconsistent find-
ings [13,14]. However, breastfeeding as a type 2 diabetes prevention measure has been
inadequately supported despite evidence of reducing the relative risk of type 2 diabetes
risk by 50% [15]. The impact of previous breastfeeding on GDM risk in the next pregnancy
is largely unknown. Breastfeeding studies investigating diabetes risk have concentrated on
changes in postpartum cardiometabolic markers, such as lipids or OGTT results during
the early postpartum period and ongoing type 2 diabetes incidence [16,17]. We are not
aware of any studies that have investigated breastfeeding and next pregnancy glycaemic
metabolism except our pilot study [18]. The pilot study was undertaken in a selected
high-risk population (previous GDM) and found that both duration and exclusivity of
breastfeeding were associated with improved glucose levels on a subsequent pregnancy
OGTT [18].

For multiparous women, it is important to understand previous breastfeeding history
to assess cardiometabolic risk and provide an opportunity for lactation support interven-
tions. In recognition of the importance of breastfeeding for both infant and maternal health,
the Sydney BLISS check was introduced to improve antenatal breastfeeding support in
our health district. The BLISS tool was developed as part of our pilot study [18] and is
now used in routine antenatal clinical care to assess breastfeeding during the first 12 weeks
postpartum (‘fourth trimester’) after a woman’s previous pregnancy [19].

In this study, we aimed to build on the findings of our pilot study to investigate
the association between previous pregnancy breastfeeding intensity and duration and
OGTT results in a subsequent pregnancy for an unselected population. The secondary aim
was to understand breastfeeding patterns to identify specific groups of women at risk for
suboptimal breastfeeding, who may then be at increased risk for cardiometabolic disease.

2. Materials and Methods

We conducted a retrospective cohort study of women booked to give birth in the
Western Sydney Local Health District (WSLHD), Sydney, Australia between March 2020
and October 2022. The study period was determined from the implementation into routine
clinical care of the antenatal breastfeeding history and the triaging assessment tool, the
Sydney BLISS check, which was introduced to improve breastfeeding support.

The population is culturally and linguistically diverse, with approximately 58% of women
who give birth in the district born in a non-English speaking country [20]. The WSLHD has
three maternity care hospitals, with approximately 10,000 births per year [20]. Hospitals in the
district were included in the study cohort after >50% of multiparous women at the hospital
received midwifery breastfeeding assessment by the BLISS check at booking. The study period
for the health district hospitals were Hospital 1: 1 March 2020-31 October 2022; Hospital 2
and 3: 1 January 2022-31 October 2022 (see Supplementary File S1: Figure S1). All women
with a singleton pregnancy > 20 weeks’ gestation and who had had a previous live birth
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were included in the study. Exclusion criteria included multiple pregnancy, no BLISS check
or OGTT result available, or previous diagnosis of type 1 or type 2 diabetes (Figure 1).
Incomplete OGTT results were reviewed; reasons included inadequate documentation,
patient unable to tolerate glucose drink and patient declined testing (Figure 1).

All women in time period
18,764

Primiparous

|—) 7527 (40%)

Multiparous women
11,273 (60%)

OGTT values not available
I 2582 (32%)
* 13 had pre-existing diabetes

Multiparous with BLISS « 133 werenottested (reasonsincluded

8039(71%) contraindication and maternal choice)
« 2436 blood glucose level not recorded
Multiple pregnancies 163 (2%
Study cohort PIERreg (%)
5374 (67%)
High risk for GDM Lower risk for GDM
2332 (43%) 3042 (57%)

Figure 1. Flow Chart.

2.1. Measures and Data Source

The data source was the electronic maternity database eMaternity, providing routinely
collected information during pregnancy, including medical and obstetric history. eMaternity
in WSLHD includes Sydney BLISS check data.

2.2. Breastfeeding Measures

The Sydney BLISS tool was embedded into eMaternity WSLHD on 1 March 2020.
COVID-19 interrupted the implementation of the assessment tool at the two smaller of the
three district hospitals until 2022. The BLISS check was designed by a panel of lactation
experts and assesses breastfeeding intensity (exclusivity) in the first three months after
a woman’s last pregnancy [18]. Intensity is the ratio of breastfeeding to infant formula
feeding, with high-intensity breastfeeding (HIBF) being mostly or exclusively breastfeeding.
The BLISS assessment aims to identify a history of breastfeeding issues via a standardized
scoring system to triage women for antenatal lactation support. The score is auto-generated
as part of routine booking electronic data collection and care. The BLISS check also collects
information on total duration of any breastfeeding and the reasons for stopping breast-
feeding. Women at booking are routinely offered a telehealth antenatal lactation clinic
referral for a low BLISS score or if other breastfeeding issues are identified. HIBF is deter-
mined as a BLISS score of >19 as optimal maternal breastfeeding intensity and equates to
approximately >70% breastfeeding to formula in the first three months postpartum [18].
Lower intensity breastfeeding (LIBF) reflects less optimal breastfeeding and a BLISS score
of <19 [18]. The Sydney BLISS assessment tool is administered by the booking midwife
(see Supplementary File S2: Sydney BLISS check). We dichotomized breastfeeding analysis
to <6 months and >6, as this is the recommended time to exclusively breastfeed prior to
introduction of family foods [4]. Six months is also a recognized population benchmark
time period for assessing any breastfeeding [21].
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2.3. Gestational Diabetes Measures

At the study hospitals all women are routinely screened for GDM via a one-step OGTT
at 24-28 weeks’ gestation, or earlier when clinically indicated. The 24-28 weeks’ gestation
results in this study were used for analysis if an early test was administered and repeated
at 24-28 weeks’ gestation. The early gestation results were used if no other OGTT was
administered. Pathology results are routinely reviewed by the treating clinician and results
entered in electronic records. Diagnosis of GDM in this study used the International Associ-
ation of Diabetes and Pregnancy Study Group (IADPSG) criteria [22]. IADPSG thresholds
were as follows: one or more values > thresholds of fasting plasma glucose of 5.1 mmol/L,
1h 10.0 mmol/L and/or a 2 h plasma glucose level of 8.5 mmol/L following a 75 g OGTT.
High risk for GDM for the study cohort was defined as per the Australian Diabetes in
Pregnancy Society v2 2014 criteria: previous GDM, maternal age > 40 years, family history
of diabetes, BMI >35 kg/m?, previous baby with birth weight >4500 g or >90th centile,
polycystic ovarian syndrome and current use of corticosteroids or antipsychotics [23].

2.4. Body Mass Index Measure (BMI)

The BMI variable is a perinatal data collection (PDC) data point collected for all women
who birth in the state of New South Wales to assess pregnancy BMI trends [20]. In our
health district, it is collected in the eMaternity database. The height is collected by the
midwife at first pregnancy hospital booking visit, and the weight is a pre-pregnancy weight
provided by the patient. This weight is ‘sense-checked’ by a current weight taken by the
midwife at booking visit. Fidelity of data collection is ensured by frequent review by the
data custodian.

2.5. Demographic Measures

Socioeconomic status (SES) is defined by place (suburb) of residence estimate and
derived from information provided during the Australian census (2016), which informs the
Index of Relative Socioeconomic Disadvantage (IRSD) [24]. Age was calculated at the time
of booking for the current pregnancy. Ethnicity was self-assigned by women at booking and
does not equate to migrant status. We acknowledge that ethnicity may be also described
as race; however, women are asked to self-identify their ethnicity at hospital admission,
therefore we are reporting this variable as ethnicity. Women who are migrants provide
details of years lived in Australia and are of varied ethnicities.

2.6. Statistical Analysis

Statistical analyses were completed in Stata SE Version 14.2 and R Studio Version 4.
Hypotheses were conducted at a significance level of 0.05 with a two-sided alternative.

Breastfeeding intensity and breastfeeding duration were considered co-primary ex-
posures of interest. Breastfeeding duration was considered a linear continuous variable.
Our models were adjusted for baseline variables measured at pregnancy booking; maternal
age, ethnicity, migrancy, SES, BMI, parity, history of mental illness, history of hyperten-
sion, history of GDM and smoking during pregnancy. GDM diagnosis was assessed with
a logistic regression model. Abnormal glucose tolerance via routine OGTT is a set of up to
three binary outcomes (fasting, one-hour and two-hour) from repeated measurements from
the same woman. Therefore, a generalized estimating equation (GEE) model, equipped
with a logistic link function and first-order autoregressive correlation structure for within
woman covariance, was implemented. Odds ratios, 95% confidence intervals and p values
were reported.

To address the secondary aim of our study, maternal characteristics associated with
breastfeeding intensity and duration were assessed. In each case, a logistic regression
model was implemented. As an outcome, breastfeeding duration was dichotomized
to breastfeeding >6 months versus <6 months. A priori variables were decided on
as possible confounders for each exposure of interest and reported individually (see
Supplementary File S3) [25]. Fasting blood glucose results were further investigated,
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grouped by Hyperglycaemia and Adverse Pregnancy Outcomes (HAPO) study blood
glucose septiles and divided into HIBF or lower intensity breastfeeding plots with sepa-
ration of curves analysed for significance [22]. Odds ratios, 95% confidence intervals and
p values were reported.

No imputation was made for missing data, as missingness of the primary independent
variable was plausibly missing not at random. We comment on the extent of characteristic
differences that reflect hypothesized associations with mechanisms of missingness in
Supplementary File S4.

3. Results
3.1. Cohort Characteristics and Exposure

During the study period, there were 11,273 multiparous women booked at the study
hospitals. There were 5374 (67%) participants who met the inclusion criteria (Figure 1). The
mean age was 32.4 (SD 6.8) years, and there were 981 patients (18.3%) diagnosed with GDM.
Of all participants, 4074 (75.8%) were documented to be HIBF, 3558 (66.2%) had exclusively
breastfed at 3 months, and 3222 (61.7%) of the total cohort breastfed for >6 months. The
median duration of breastfeeding was 9 months (IQR 4-16).

Women classified in the HIBF group via the Sydney BLISS check breastfed for a median
duration of 12 months (IQR 6-18, n = 4074, 75.8%) compared to those in the lower intensity
group, who had a median duration of 3 months (IQR 1-7 months, n = 1300, 24.2%; p <0.01)
(see Supplementary file S5: Figure S2). There were 2332 (43%) of the total cohort who were
at high risk for GDM (Figure 1). There was no difference in the breastfeeding duration or
intensity for women in either the high- or low-risk groupings for GDM (Table 1).

Table 1. Cohort characteristics by exposure of breastfeeding duration and intensity (N = 5374).

Duration of Breastfeeding High-Intensity Low-Intensity
Maternal Characteristics Median Months (IQR) p Value Breastfeeding Breastfeeding p Value
(n = 4074, 75.8%) (n =1300, 24.2%)
Maternal age <0.001 <0.001
<25 6 (2-13) 69.46% (232) 30.54% (102)
25-34 8 (4-15) 74.30% (1772) 25.70% (613)
35-39 11 (6-18) 77.96% (1765) 22.04% (499)
>39 12 (6-18) 78.01% (305) 21.99% (86)
Ethnicity <0.001 <0.001
South Asian 12 (6-18) 81.73% (1302) 18.27% (291)
Southeast Asian 10 (5-14) 74.35% (661) 25.65% (228)
White/European 9 (4-14) 73.09% (690) 26.91% (254)
Middle Eastern 7 (3-14) 71.73% (789) 28.27% (311)
Aboriginal and Torres Strait Islander 4(2-9) 58.14% (50) 41.86% (36)
Other 8 (4-14) 76.38% (582) 23.62% (180)
Migrant status <0.001 <0.001
<5 years 12 (6-18) 78.68% (1011) 21.32% (274)
5-10 years 12 (6-18) 78.57% (759) 21.43% (207)
>10 years 9 (4-15) 75.64% (798) 24.36% (267)
Australian-born 7 (3-14) 71.31% (1213) 28.59% (488)
Socioeconomic status <0.001 <0.001
Least advantaged Q1 8 (3-15) 71.28% (1184) 28.72% (477)
Q2 9 (4-14) 75.83% (549) 24.17% (175)
Q3 11 (6-18) 77.56% (923) 22.44% (267)
Q4 10 (5-17) 80.09% (531) 19.91% (132)
Most advantaged Q5 11 (5-16) 78.06% (715) 21.94% (201)
Parity 0.006 0.024
1 10 (4-17) 74.63% (2544) 25.37% (865)
2-3 8 (4-15) 78.10% (1323) 21.90% (371)
>4 8 (4-18) 76.38% (207) 23.62% (64)
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Table 1. Cont.

Maternal Characteristics

High-Intensity Low-Intensity
p Value Breastfeeding Breastfeeding p Value
(n = 4074, 75.8%) (1 = 1300, 24.2%)

Duration of Breastfeeding
Median Months (IQR)

Current pregnancy

High risk of GDM * 9 (4-16) 0.859 74.61% (1740) 25.39% (592) 0.073

Lower risk of GDM 10 (4-16) 76.73% (2334) 23.27% (708)
Smoking 4(2-12) <0.001 47.06% (48) 52.94% (54) <0.001

No smoking 10 (5-17) 76.80% (2655) 23.20% (802)

Comorbidities
Polycystic ovary syndrome 8 (4-16) 0.23 73.11% (223) 26.89% (82) 0.26

No polycystic ovary syndrome 10 (4-16) 75.97% (3850) 24.03% (1218)
History of mental health issue 7 (3-14) <0.001 68.39% (541) 31.61% (250) <0.001

No history of mental health issue 10 (4-18) 77.08% (3532) 22.92% (1050)
History of hypertension 8 (4-14) 0.071 71.53% (206) 28.47% (82) 0.081

No history of hypertension 10 (4-16) 76.05% (3867) 23.95% (1218)
BMI kg/m? <0.001 <0.001

<185 8 (4-14) 82.94% (141) 17.06% (29)

18.5-24.9 11 (5-17) 77.77% (1907) 22.23% (545)

25.0-29.9 9 (4-17) 77.04% (1258) 22.96% (375)

>30.0 7 (3-15) 68.63% (768) 31.37% (351)

Previous pregnancy complications

History of GDM 9 (4-16) 0.635 74.96% (518) 25.04% (173) 0.578

No history of GDM 9 (4-16) 75.93% (3556) 24.07% (1127)
Previous birth: cacsarcan 9 (4-18) 0.851 72.94% (949) 27.06% (352) 0.006

Previous birth: vaginal 9 (4-16) 76.72% (3125) 23.28% (948)
Previous birth: preterm 7 (4-14) 0.003 67.89% (258) 32.11% (122) <0.001

Previous birth term 10 (4-17) 76.41% (3816) 23.59% (1178)

GDM, gestational diabetes mellitus. * High-risk GDM criteria: previous GDM, age > 40, family history of diabetes,
BMI > 35, previous large for gestation baby, polycystic ovary disease, corticosteroid medication use.

There was a graduated decline in the median breastfeeding duration associated
with lower age groupings (Table 1). Women <25 years old had the lowest median du-
ration of breastfeeding (6 months: IQR 2-13) compared to the other age groups; women
aged >39 years had the longest median duration (12 months; IQR 6-18). This graduated
decline with younger age groups was also evident for HIBF (Table 1).

Australian-born women had a lower median duration of breastfeeding (7 months;
IQR 3-14) compared to all migrants. Participants who had lived in Australia >10 years
breastfed for a shorter duration than newer migrants (9 versus 12 months) (Table 1).
Two factors were associated with the lowest median duration of breastfeeding: current
smoking status (4 months; IQR 2-12) and women who identified as Aboriginal or Torres
Strait Islander (4 months; IQR 2-9) (Table 1). For previous pregnancy complications,
preterm birth was the only factor associated with shorter duration of breastfeeding (7
versus 10 months; p = 0.003), and this also was a factor for less intensity (67.9% versus
76.4%; p < 0.001) (Table 1). Other factors associated with duration and HIBF are detailed in
Table 1.

3.2. Primary Aim: Association between Breastfeeding and OGTT Results in a
Subsequent Pregnancy

Compared to women who breastfed at a lower intensity, women who had breastfed at
high intensity in the first three months after their previous birth had a 47% reduced odds of
an abnormal fasting blood glucose on the OGTT in their subsequent pregnancy (aOR 0.53;
95%CI 0.38-0.75; p < 0.01). The association between HIBF and improved fasting glucose
was greater in women at a lower risk of GDM, with a 52% reduced odds of abnormal
fasting blood glucose (aOR 0.48; 95%CI 0.27-0.86, p = 0.01) and 45% reduced odds for the
women in the high-risk group (aOR 0.55; CI 0.36-0.83, p = 0.01) (Table 2). There were no
associations between the OGTT results at one and two hours with HIBF or duration of
breastfeeding (Table 2).
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Table 2. Association between breastfeeding (BF) in a previous pregnancy and odds ratio (OR) of a
gestational diabetes (GDM) diagnosis and/or of an abnormal elevated oral glucose tolerance test
(OGTT) blood glucose result in current pregnancy. Total cohort # = 5374. High-intensity breastfeeding
n = 4074.

(a). High-Intensity Breastfeeding (HIBF)-Mostly or Exclusively Breastfeeding.

Outcome Cohort HIBF LIBF Unadjusted Adjusted

% (1) % (1) OR (95%CI) v OR (95%CI) 14
Elevated Total Cohort 5.99% (243) 8.02% (104) 0.53 (0.38, 0.73) <0.01 0.53 (0.38, 0.75) <0.01
Fasting High Risk 8.93% (154) 12.24% (72) 0.56 (0.38, 0.83) 0.01 0.55 (0.36, 0.83) 0.01
OGTT Low Risk 3.81% (89) 4.52% (32) 0.47 (0.27,0.83) 0.01 0.48 (0.27, 0.86) 0.01
Elevated Total Cohort 10.72% (376) 8.83% (100) 1.14 (0.85, 1.52) 0.37 1.20 (0.89, 1.63) 0.23
1h High Risk 16.43% (236) 14.57% (73) 1.04 (0.73,1.47) 0.84 1.05(0.72,1.52) 0.81
OGTT Low Risk 6.75% (140) 4.28% (27) 1.52 (0.90, 2.59) 0.12 158 (0.92, 2.71) 0.09
Elevated Total Cohort 10.38% (420) 10.78% (139) 0.96 (0.73, 1.26) 0.77 1.01 (0.76, 1.33) 0.97
2h High Risk 16.07% (276) 15.92% (93) 0.91 (0.66, 1.26) 0.57 0.92 (0.65, 1.29) 0.62
OGTT Low Risk 6.18% (144) 6.52% (46) 1.18 (0.73, 1.93) 0.50 1.23 (0.75, 2.01) 0.42
i 4 Total Cohort 18.09% (737) 18.77% (244) 0.87 (0.73,1.03) 0.11 0.91 (0.75, 1.10) 0.34
‘éc’sl‘zje High Risk 26.72% (465) 27.87% (165) 0.86 (0.68, 1.07) 0.18 0.84 (0.65, 1.08) 0.18
Low Risk 11.65% (272) 11.16% (79) 0.95(0.71, 1.27) 0.75 1.02 (0.75, 1.37) 0.92

(b). Breastfeeding duration as a continuous variable and elevated glucose.
Normal Elevated . .
Outcome Cohort Glucose Glucose gﬁa(‘;];/s?ﬁ p O?{d(lguss:;egl) 4
BF Months (IQR) BF months (IQR) ° °

Facti Total Cohort 9 (4-16) 11 (4-18) 1.03 (1.01, 1.04) <0.01 1.02 (1.00, 1.04) 0.04
SSGt}l?Tg High Risk 9 (4-16) 9 (4-18) 1.02 (1.00, 1.04) 0.02 1.02 (0.99, 1.04) 0.15
Low Risk 9 (4-16) 12 (6-19) 1.04 (1.01, 1.07) 0.01 1.03 (0.99, 1.06) 0.06
1h Total Cohort 9 (4-16) 12 (6-18) 1.02 (1.00, 1.03) 0.01 1.01 (0.99, 1.02) 0.34
OGTT High Risk 9 (4-15) 11.5 (6-18) 1.02 (1.00, 1.04) 0.02 1.05 (0.72, 1.52) 0.81
Low Risk 9 (4-16) 12 (6-18) 1.01(0.99, 1.04) 0.23 1.00 (0.98, 1.03) 0.84
oh Total Cohort 9 (4-16) 11 (5-18) 1.01 (1.00, 1.02) 0.12 1.00 (0.99, 1.02) 0.86
OGTT High Risk 9 (4-15) 11 (5-18) 1.02 (1.00, 1.04) 0.01 1.01 (0.99, 1.03) 0.62
Low Risk 9 (4-16) 11 (5-18) 0.99 (0.97, 1.02) 0.50 0.98 (0.96, 1.01) 0.14
Total Cohort 9 (4-16) 11 (5-18) 1.02 (1.01, 1.02) <0.01 1.01 (0.99, 1.02) 0.06
GDM High Risk 9 (4-16) 11 (5-18) 1.02 (1.00, 1.03) 0.01 1.01 (0.99, 1.02) 0.15
Low Risk 9 (4-16) 12 (5-18) 1.02 (1.00, 1.03) 0.03 1.01 (0.99, 1.02) 0.21

High risk = high risk for GDM; previous GDM, maternal age > 40 years, family history diabetes, BMI >35 kg / m?,
previous baby with birth weight >4500 g or >90th centile, polycystic ovarian syndrome and current use of
corticosteroids or antipsychotics. Adjusted covariables: maternal age, ethnicity, migrancy, socioeconomic status,
BMI, parity, history of mental illness, history of hypertension, history of GDM and smoking during pregnancy.
GDM, gestational diabetes diagnosis AIDPSG criteria, one or more values > thresholds of fasting plasma glucose
of 5.1 mmol/L and/or a 2 h plasma glucose level of 8.5 mmol/L following a 75 g OGTT. HIBF, high-intensity
breastfeeding; LIBF, lower intensity breastfeeding.

HIBF was not associated with diagnosis of GDM in all women (aOR 0.91; 95%CI
0.75-1.10, p = 0.34); women at reduced risk of GDM diagnosis (aOR 1.02; 95%CI 0.75-1.37,
p =0.92) or at high risk of GDM (aOR 0.84; 95%CI 0.65-1.08, p = 0.18) (Table 2). Breastfeed-
ing duration was not associated with risk for GDM diagnosis overall (aOR 1.01; 95%CI
0.99-1.02, p = 0.06) or in the different risk categories (Table 2).

When fasting blood glucose results were viewed as a continuous graph for the
two groups of HIBF and lower intensity, separation of groups occurred at the AIDPSG
blood glucose cut-off 5.1 mmol/L, displaying HIBF participants with lower fasting blood
glucose (p = 0.01) (see Supplementary File S6: Figure S3).

3.3. Secondary Aim: Factors Associated with Both Reduced High-Intensity Breastfeeding
Postpartum and Breastfeeding >6 Months

There were six factors that negatively impacted both HIBF and breastfeeding >6 months:
Aboriginal /Torres Strait Islander ethnicity, previous birth caesarean section, previous
preterm birth, smoking, obesity and a history of mental health illness (Table 3). Smoking

79



Nutrients 2024, 16, 28

conferred the greatest reduction in odds of HIBF (aOR 0.31; 95%CI 0.21-0.47) and being of
Aboriginal/ Torres Strait ethnicity the most reduced odds of breastfeeding >6 months when
compared to White/European ethnicity (aOR 0.31; 95%CI 0.19-0.50) (Table 3).

Table 3. Factors Associated with High-intensity Breastfeeding and Breastfeeding Duration >6 Months
by Maternal Characteristics. Total cohort N = 5374. High-intensity breastfeeding n = 4074. Breastfeed-

ing >6 months n = 3222.

Characteristic

High-Intensity Breastfeeding

Breastfeeding Duration > 6 Months

Unadjusted

Unadjusted

aOR aOR
OR p o p OR o p
©5%CT) (95%CI) oS (95%CI)
Maternal age
0.79 0.95 0.62 0.74
<25 (0.61,1.01) ns (0.73,1.23) ns (0.49, 0.78) <0.01 (0.58, 0.94) 0.01
25-34 Ref - - - Ref - - -
122 1.10 1.40 1.25
35-39 (1.07, 1.40) 0.01 (0.96, 1.27) ns 24,158 <O (110,142 <001
123 117 153 1.52
40+ (0.95,1.59) ns (0.89, 1.53) ns a2,193 <90 (100104y <001
Ethnicity
. 1.65 1.65 1.81 1.81
South Asian (1.36,2.00) <0.01 (1.36,2.00) <0.01 (1.52,2.15) <0.01 (1.52,2.15) <0.01
) 1.07 1.07 127 127
South-East Asian (0.87,1.31) ns (0.87,1.31) ns o4 158 092 (10415 002
White/European Ref - - - Ref - - -
) 0.93 0.93 0.79 0.79
Middle Fastern (0.77,1.13) ns (0.77,1.13) ns 066,094 %0 066004y 001
Aboriginal / Torres 0.51 0.51 0.31 0.31
Strait Islander 033,080 %9 os3080) 91 019,050 <00 (oi9,050 <00
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GDM = gestational diabetes. ns = not statistically significant. Ref = reference. Multivariate model may adjusted
for: age, ethnicity, time in Australia, SES, BMI, parity, history of mental illness, history of hypertension, history of
GDM, history of caesarean section, history of preterm birth, unplanned pregnancy, smoking.



Nutrients 2024, 16, 28

Women who had a caesarean section birth had 22% reduced odds to breastfeed
at high intensity (aOR 0.78; 95%CI 0.67-0.91; p < 0.01) and they were less likely to
breastfeed >6 months (aOR 0.85; 95%CI 0.74-0.97, p = 0.02). A history of preterm birth was
associated with 39% reduced odds of HIBF (aOR 0.61; 95%CI 0.48-0.77, p < 0.01) (Table 2)
and reduced odds of breastfeeding >6 months (aOR 0.76; 95%CI 0.60-0.95, p = 0.02).

Compared to women with a healthy BMI (18.5-24.9 kg/m?), a high BMI > 30 kg/m?
negatively impacted breastfeeding, with 38% reduced odds of HIBF (aOR 0.62; 95%CI
0.52-0.73 p < 0.01) and 31% reduced odds of breastfeeding >6 months (aOR 0.69; 95%CI
0.57-0.78, p < 0.01). The other previous pregnancy characteristic to negatively impact breast-
feeding was a history of mental illness, with lower odds of both HIBF (aOR 0.69; 95%CI
0.58-0.83, p < 0.01) and breastfeeding >6 months (aOR 0.78; 95%CI 0.65-0.91, p < 0.01).

South Asian ethnicity was the only factor positively associated with both improved
HIBF and breastfeeding >6 months. Compared to White/European ethnicity, women who
identified as South Asian had 65% increased odds of HIBF (aOR 1.65; 95%CI 1.36-2.00,
p < 0.01) and greater odds of breastfeeding >6 months (aOR 1.81; 95%CI 1.52-2.15, p < 0.01).

3.4. Factors Only Associated with Breastfeeding >6 Months

Three characteristics were negatively associated with duration of breastfeeding but not
intensity; age <25 years compared to the 25-34 age grouping (0.74 aOR; 95%CI 0.58-0.94,
p = 0.01), Middle Eastern ethnicity compared to White/European ethnic groupings (aOR
0.79; 95%CI 0.66-0.94, p = 0.01) and a BMI in an overweight range compared to a healthy
BMI (aOR 0.86; 95%C1 0.75-0.99, p = 0.04). Other positively associated factors only identified
for breastfeeding duration >6 months but not HIBF were for participants over 35 years age
(1.25 95%CI 1.10-1.42, p < 0.01) or >40 years (1.52 95%CI 1.20-1.94, p < 0.01) compared to
25-34-year-old age groupings. Women who identified as South-East Asian ethnicity were
also more likely to breastfeed >6 months (aOR 1.27; 95%CI 1.04-1.54, p = 0.02) compared
to White/European participants. Compared to Australian-born status, migrant status
had no association with HIBF; however, migrant status was positively associated with
breastfeeding >6 months. Compared to Australian-born women, new migrants who had
lived in Australia <5 years had 60% increased odds of breastfeeding >6 months (aOR 1.60;
95%CI 1.32-1.94, p < 0.01). All other associations are detailed in Table 3.

4. Discussion

This is the first study we are aware of that has found that optimal breastfeeding
patterns can have direct metabolic benefits in a subsequent pregnancy. Potentially, this
may reduce both maternal and infant morbidity. In a large, ethnically diverse population,
our study has found that women who breastfed at a high intensity (exclusive or mostly
breastfeeding) had improved odds of a normal fasting glucose in their subsequent preg-
nancy. We identified maternal characteristics that differed with length and intensity of
breastfeeding, providing a more comprehensive understanding of women’s postpartum
breastfeeding behaviour. Targeting factors to improve breastfeeding intensity may be one
key to improved cardiometabolic health in subsequent pregnancies. Specific groups in this
study who were vulnerable to suboptimal breastfeeding intensity and duration include
women with a history of preterm birth, women with a high BMI, those who had a his-
tory of a mental health illness, women who identify as Aboriginal/Torres Strait Islander
and smokers.

Women who do not meet the criteria for a diagnosis of GDM may still have some
degree of dysglycaemia or gestational glucose intolerance (GGI) that places them at greater
risk of type 2 diabetes [26]. Berekowsky et al. and others have found that an abnormal
fasting OGTT was the value most correlated with a future risk of type 2 diabetes compared
to OGTT results at one and two hours [27,28]. Other research has also found an abnormal
fasting OGTT result alone predicts increased risk of a large for gestational age baby and
other adverse pregnancy outcomes [29,30]. Supporting HIBF for all women may therefore
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reduce their risk for both adverse perinatal outcomes in a subsequent pregnancy and
improve maternal long-term cardiometabolic risk.

Postpartum HIBF has been described as potentially an essential part of an endocrine
reset process after a pregnancy-induced insulin resistant state [31]. Other research has
found that compared to mixed or mostly formula infant feeding, it is HIBF that confers
the most benefit for improved postpartum insulin resistance and lipid profiles and may
underpin the long-term improved risk for metabolic disorders associated with breastfeed-
ing [32]. The global burden of cardiometabolic disease requires a united and multi-faceted
approach to complex drivers. This research identifies women with known risk factors for
cardiometabolic disease, such as obesity, smoking and preterm birth, as also vulnerable
to suboptimal breastfeeding intensity and duration and subsequent higher odds of failing
their fasting pregnancy OGTT. The cumulative impact of existing cardiometabolic risk and
poor breastfeeding needs addressing as one of the many drivers for global cardiometabolic
disease burden [1-3]. Our study provides further evidence of the importance that early
exclusive or mostly breastfeeding may be vital for long-term cardiometabolic health and
crucial for an endocrine ‘reset’ postpartum. Routinely collected breastfeeding data inclusive
of intensity information via tools such as the Sydney BLISS check will assist in uncovering
drivers for optimal health outcomes for women.

Breastfeeding support programs are effective to improve breastfeeding and generally
acceptable to women [33]. However, minimal research has integrated lifestyle programs
with breastfeeding support interventions aimed at reducing type 2 diabetes risk [34].
A recent Cochrane Review found that at least 4-8 postpartum lactation support contacts
were required to improve breastfeeding rates. Targeted support such as this is particularly
important for populations found in this research [33]. If the WHO Sustainable Development
Goal to reduce global NCD is to be met, all health promotion avenues should be pursued.
Supporting breastfeeding must be included. Understanding the metabolic impact during
pregnancy of previous breastfeeding duration and exclusivity, as well as identifying groups
at risk for suboptimal breastfeeding, will assist in designing targeted interventions to
improve lifetime cardiometabolic risk.

A limitation of this study is that there was no available information on some factors
that may influence both breastfeeding and dysglycaemia. These factors include lack of
available information in routine data on education level, exercise, diet, interpregnancy
weight gain, time period between pregnancies or important baseline metabolic risk factors
including lipid levels. The only available weight was for the current pregnancy. Potentially,
there are factors such as exercise that participants who breastfeed for a greater duration are
less likely to engage in.

Another limitation was the missing BLISS and OGTT values in the routine data. The
COVID-19 pandemic may have influenced women attending to routine OGTT investiga-
tions. Local research found that some women who were pregnant experienced fear of
public places due to the COVID-19 pandemic, and this, as well as lockdowns, may have
contributed to reduced attendance for pregnancy OGTTs [35]. However, noncompliance
with testing has been documented in various populations to be from 10-50% of women;
therefore our missing OGTT data is consistent with other population-level data [36]. The
missing BLISS should not be biased by patient selection, but was impacted by slow im-
plementation due to staff shortages and lack of time to complete the new breastfeeding
triage tool. Women who had chosen to formula feed in their previous pregnancy and did
not breastfeed at all were often not given a BLISS score, and therefore our results do not
fully capture the lowest intensity of no breastfeeding.

A strength of this cohort was the diversity of ethnicity, and therefore the results are
potentially more applicable to other culturally mixed populations. The use of routine
clinical data of both duration and intensity of breastfeeding for the entire health district was
also a strength resulting in a large sample size. The Sydney BLISS check is applied to a non-
selected clinical care population that is reflective and generalizable, as the participants were
not a motivated breastfeeding research cohort.
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The high-intensity BLISS check scoring is affirmed as a valid cut-off score via the
association with greater duration of breastfeeding [37]. In this study, when compared to
the LIBF group, we found HIBF in the first three months postpartum was associated with
a 9-month greater median breastfeeding duration. Further highlighting that the fourth
trimester postpartum period is crucial to provide breastfeeding support to optimise greater
duration of breastfeeding and associated benefits to women and babies.

Another strength of the Sydney BLISS is the validation of the HAPO cut-off value of
5.1 mmol/L for fasting glucose in our ethnically diverse population. When our results
were disaggregated by low and high intensity and glucose levels along a continuum, HIBF
participants clearly diverged from the LIBF group at the IADPSG fasting normal cut-off
point [38]. Higher IADPSG cut-off values are associated with increased obstetric morbidity,
HIBF therefore may potentially be association with lower obstetric morbidity that will need
further investigation.

In Australia, nearly 40% of women who do not breastfeed state ‘unsuccessful” previous
experience as the reason [39]. Successful implementation of the antenatal Sydney BLISS
check in the study health district assists in addressing this issue for multiparous women, as
they are given the opportunity for antenatal referral to a new telehealth lactation consultant
clinic. Promoting and protecting breastfeeding for short- and long-term metabolic health,
as well as infant health, requires population-level data to underpin appropriate support
that the Sydney BLISS check can provide.

5. Conclusions

The objectives of this study were to understand, in an unselected culturally diverse
population, if breastfeeding duration and intensity was associated with improved OGTT
results in a subsequent pregnancy and identify specific groups of women who may be
susceptible to suboptimal breastfeeding. This study provides information not only on the
important gains of optimal breastfeeding for next pregnancy glycaemic control, but also
identifies vulnerable breastfeeding populations to drive targeted intervention programs.
During the pandemic era with constraints on health budgets and staffing, it has been
difficult to provide evidence-based lactation support. Breastfeeding duration is vital for
infant and maternal health, but this study has found the importance of mostly or exclusively
breastfeeding as a public health issue to reduce GDM risk in a subsequent pregnancy and
potentially improve long-term health.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/nu16010028/s1, File S1. Sydney BLISS check uptake by site;
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Abstract: Postpartum depression is a significant health issue affecting both mothers and newborns
during the postpartum period. Group support interventions during this period have proven effective
in helping women cope with depression and improving breastfeeding rates. This study aimed to
assess the effectiveness of a midwife-led breastfeeding support group intervention on breastfeeding

Citation: Rodriguez-Gallego, L; rates, postpartum depression and general self-efficacy. This was a multicentric cluster randomised
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1. Introduction

The postpartum period entails significant physical, psychosocial and social changes
for women as they adapt to a new situation. Therefore, it is known as a period of spe-
cial vulnerability related to maternal mental health [1]. Approximately 9.6% to 19.2%
of mothers experience a major or minor depressive episode during the first 12 months
conditions of the Creative Commons _after childbirth [2]. Thus, one of the main complications during the postpartum period is
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the highest reported prevalence (39.96%), eastern Europe (16.62%) and southern Europe
(16.34%) show intermediate prevalence and Oceania (11.11%) has some of the lowest
reported figures [5-7]. Furthermore, countries with higher income and developed countries
have a significantly lower prevalence than lower income or developing countries [5].
However, these figures may underestimate the true extent of the problem due to barriers to
detection and the stigma associated with mental illnesses in the perinatal context. Some
estimates suggest that more than 50% of women with PPD are not diagnosed [6]. PPD
generally occurs within 4 weeks after delivery and can last 6 months or longer after delivery,
although some authors indicate that it could last up to 2 years after delivery [4,8-10].

Breastfeeding provides multiple demonstrated benefits on the physical, cognitive and
social levels for both the mother and the newborn [11-13]. However, the psychological
benefits, especially those concerning PPD, are still largely unknown. There is a complex
physiological relationship between breastfeeding and PPD. During pregnancy, lactation
begins with an increase in progesterone and estrogens that prepares the breast ducts
as part of the stimulation process, but in the first days after delivery, there is a rapid
decrease in both that signals the start of milk production. This rapid drop in progesterone
and estrogen is a potential catalyst for the onset of mood lability and therefore PPD [14].
Progesterone derivatives (pregnenolone and allopregnanolone) target their effect in regions
of the brain related to processing emotions. Establishing the exact role of these progesterone
derivatives in the development of PPD treatment may enlighten a new perspective on
the general pathophysiology of mood disorders because allopregnanolone interacts with
GABA-A receptors and has significant anti-depressant, anti-stress, sedative and anxiolytic
effects [15]. Some studies indicate that depression during pregnancy and postpartum is
one of the factors that can contribute to breastfeeding failure. Other studies also suggest an
association between breastfeeding and PPD, suggesting that PPD can reduce breastfeeding
rates and that breastfeeding can decrease the risk of PPD. Additionally, there is evidence
that breastfeeding can prevent PPD or help symptoms to recede more quickly. However,
the direction of this association is still uncertain [16,17].

Due to all these reasons, PPD has become a significant health issue that affects not
only women'’s health by increasing maternal morbidity and mortality but also a newborn’s
feeding patterns and, consequently, behavioural, emotional and cognitive development
during early childhood [5,18].

Group interventions during the postpartum period, during which women share a safe
space of mutual acceptance and understanding, have proven effective in improving depres-
sive symptoms and empowering women to cope with their situation [19]. Additionally,
there are also encouraging results demonstrating that group interventions are effective at
maintaining breastfeeding during the postpartum period, especially when this peer support
is combined with the leadership of a healthcare professional or an International Board
Certified Lactation Consultant (IBCLC) [20]. Likewise, there is evidence of the positive
impact that breastfeeding has on women’s mental health by enhancing their well-being,
increasing perceived self-efficacy and promoting interaction with the newborn [21,22].

At the individual level, affective characteristics, or the “qualities that represent the
typical ways of feeling of individuals”, are particularly important determinants of breast-
feeding practices [23]. One of these key affective characteristics is self-efficacy, defined by
Bandura [24] as “the belief in one’s capabilities to organise and execute the courses of action
required to produce certain achievements or results”. In contrast, low levels of self-efficacy
have been shown in previous studies to be a risk factor for the development of PPD [25].

Thus, the mental health of the mother constitutes a significant underlying factor linked
to barriers and reduced rates of intention, initiation and maintenance of breastfeeding.
Given the evidence of a bidirectional association between maternal mental health and
breastfeeding, it is essential to consider both aspects when evaluating the effectiveness of
interventions aimed at improving these outcomes [16-27].

The principal aim of this study was to assess the effectiveness of a midwife-led breast-
feeding support group intervention on the maintenance of breastfeeding, the prevention of
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PPD and on general self-efficacy. Additionally, the study aimed to explore the relationship
between maternal depression and breastfeeding success.

2. Materials and Methods
2.1. Study Design

This was a multicentric cluster randomised controlled trial with a control group
(CG) and an intervention group (IG) and was not blinded. This study was conducted
according to the latest Consolidated Standards of Reporting Trials 2010 guidelines for
reporting randomised controlled trials [28] and was completed as described in our pub-
lished protocol [29]. Prior to the start of the trial, it was registered in the International
Standard Registered Clinical /Social Study Number registry (Trial ID: ISRCTN17263529;
date recorded: 17 June 2020).

2.2. Participants and Study Area

Women who met the eligibility criteria were enrolled as participants from primary
health centres in Andalusia, Spain. Andalusia is an autonomous community with a birth
rate of 7.72 per 1000 inhabitants (2021) [30] and 4,328,407 women of reproductive age [31]
with the average age at which the first child is born being 32.7 years [32]. The study involved
populations from the provinces of Seville, Cadiz, Huelva, Granada and Jaen.

2.3. Inclusion and Exclusion Criteria
The inclusion criteria included the following:

e  Healthy women performing exclusive or partial breastfeeding 10 days after birth and
who attended antenatal lessons at the primary health center;

e  Women over 18 years of age;

e  Women who accepted and signed the informed consent form.

Exclusion criteria included the following:

Human immunodeficiency virus-positive;

Cancer;

Tuberculosis infection;

No intention to breastfeed;

Impossibility or contraindication to breastfeed due to medical conditions;
Premature and/or complicated labour or newborn in a neonatal intensive care unit
during the first month of life;

e  Communication difficulties due to language barriers.

2.4. Sample Size

According to 2021 data from the National Statistical Institute of Spain, there were
a total of 65,650 births in Andalusia. Specifically, the provinces of Seville (15,655 births),
Granada (7083), Huelva (4227), Jaen (4499) and Cadiz (8904) accounted for 40,368 births,
constituting 61.79% of the total births in the region [33]. The rate of exclusive breastfeeding
(EBF) at 6 months in Andalusia is 39% [34], which was considered the baseline value
in the CG. An anticipated increase of 10%, as suggested by previous research [35,36], in
the rate of EBF at 6 months was established. To achieve this difference between the two
groups, a two-tailed hypothesis was posed, with a power of 80% and allowing for a type I
error of 5%. The necessary sample size amounted to 371 women distributed between the
two study groups.

2.5. Randomisation and Recruitment

Primary health centres were randomly assigned to either the IG or the CG (receiving
usual care), considering whether any form of group breastfeeding support intervention
was already available. The allocation of health centres into these groups was performed by
a research technician, who was independent of the researchers responsible for participant
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recruitment, using a random sequence [37]. The technician provided random unique
identifiers to the health centres, distinguishing between those belonging to the CG and IG.

Subsequently, the women were again randomised following a simple strategy (1:1) at
35-37 weeks of gestation by the collaborating primary health centre midwives. Finally, each
participant received an identification code based on the group to which she was assigned.

2.6. Intervention

Participants in the CG received standard care in terms of maternal education and post-
partum visits, following the guidelines outlined in the Protocol for Care during Pregnancy,
Childbirth and Puerperium by the Andalusian Health and Social Welfare Council [38],
similar to the women in the IG. Within the initial 10 days after giving birth, they underwent
a one-on-one visit with the midwife to address individual concerns. Additionally, women
had the opportunity to request individual postpartum consultations with the designated
midwife at their health centre as needed.

Women in the IG received the usual prenatal and postpartum care, just like those in the
CG. Subsequently, they engaged in monthly 2 h in-person and/or virtual group sessions
known as breastfeeding support groups, during which the midwife assumed the roles
of leader and moderator. These sessions encompassed an educational element, featuring
theoretical and practical presentations related to breastfeeding and aligned with the recom-
mendations of the Baby-Friendly Hospital Initiative [39]. They also included motivational
and social or peer support components established within the group. Consequently, on
a monthly basis, women received support from an organised and proactive professional.
In addition to these monthly gatherings, participants had the opportunity to interact with
each other, connect with other breastfeeding women and communicate with the designated
midwife through a Facebook™ and/or WhatsApp™ group specifically created for this
purpose. This strengthened peer support, and queries regarding the topic were addressed
using information and communication technologies [40]. Similarly, participating women
retained the option to request individual consultations with the designated midwife on
demand, similar to those receiving standard care.

2.7. Assessment

Sociodemographic and obstetric clinical data were collected by a questionnaire de-
signed for this purpose via a web application. Incorrect or incomplete data were corrected
via direct consultation with participants or were collected from their medical records with
their consent. The data collected included the following:

e  Sociodemographic variables: maternal age, country of origin, civil status (single,
married, separated, widow), educational level (none, primary school, secondary
school, university), employment status (self-employed, employed, unemployed);

e  Obstetric variables: parity (primiparous, multiparous), gestational age, labour on-
set (induction, spontaneous), type of birth (eutocic, instrumental, elective caesarean
section, emergent caesarean section), newborn sex, birth weight.

The type of breastfeeding was recorded at hospital discharge, as well as at three
established follow-up time points: 10 days postpartum (T1), 2 months postpartum (T2)
and 4 months postpartum (T3). Distinctions were made between EBF, breastfeeding with
occasional supplementation of formula, mixed feeding and formula feeding.

PPD was measured using the Edinburgh Postnatal Depression Scale (EPDS) designed
by Cox et al. [41] in 1987 and validated for the Spanish population by Garcia-Esteve
et al. [42] in 2003. This is a 10-item self-reported scale in which women indicate how they
felt in the last 7 days. The scale is structured into three factors: anhedonia (items 1, 2 and
10), anxiety (items 3-6) and depressive symptomatology (items 7-9) [43]. The minimum
possible score is 0, and the maximum is 30. The best cut-off of the Spanish validation of the
EPDS was 10/11 for combined major and minor depression, the sensitivity was 79% and the
specificity was 95.5%, with a positive predictive value of 63.2% and a negative predictive
value of 97.7%. At this cut-off, all cases of major depression were detected. The area under
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the receiver operating characteristic curve was 0.976 (p = 0.001) with an asymptotic 95%
confidence interval between 0.968 and 0.984 [42].

General self-efficacy was measured using the General Self-efficacy Scale (GSE) de-
signed by Baessler and Schwarcer [44] in 1996. It was validated for the Spanish population
by Sanjuén et al. [45]. This scale assesses the enduring sense of personal competence to
effectively handle a wide variety of stressful situations. It is a unidimensional scale with
10 Likert-type questions [44]. A change in the original response form (10-point Likert-type
scale instead of a 4-point scale) was introduced in order to adapt the scale to other research
instruments. The reliability of the Spanish version of the GSE, as measured by the Cronbach
alpha coefficient, was 0.87 [45].

The main control and outcome variables were measured before the start of the inter-
vention (baseline) and at 2- and 4-month follow-ups.

2.8. Data Collection

The enrolment of participants commenced in October 2021 and concluded in May
2023. This process was performed by the midwives overseeing each health centre. These
midwives underwent prior training for the project and received guidance from a research
technician midwife associated with the project but not directly involved in the intervention.
The designated midwife at the health centre, during consultations with eligible women,
provided information about the study’s nature and objectives, as well as details regarding
the follow-up procedures. Once participants provided information via the project’s web
application, they agreed to participate and signed the informed consent form in duplicate.
The web application automatically sent them reminder messages and emails at the three
evaluation time points established in the study.

The data relating to electronic follow-up were coded and safeguarded by the research
team. All data were stored in an electronic database accessible only to members of the
research team.

2.9. Data Analysis

Descriptive data analyses were conducted to characterise the variables. Baseline
characteristics were compared between the group experiencing potential losses during
follow-up and the group completing follow-up using cross-tabulation analysis. Means were
compared using Fisher’s exact or t-tests, as appropriate. Associations between baseline and
childbirth variables and EBF maintenance at 10 days, 2 months and 4 months postpartum
were examined using cross-tabulation analysis.

A per-protocol analysis was performed. Chi-square or Fisher’s exact tests and ANOVA
or t-tests, as appropriate, were employed for mean comparisons. To assess the effect of
the intervention on EBF maintenance at various postpartum time points, cross-tabulation
analysis and chi-square tests were utilised. Additionally, a multivariate logistic model was
employed to calculate adjusted odds ratios and their 95% confidence intervals for each
time point.

The assumption that variables were normally distributed was checked using the
Kolmogorov-Smirnov test. Group homogeneity analyses based on baseline and childbirth
variables were conducted using cross-tabulation analysis, utilising chi-square or Fisher’s
exact tests as needed. ANOVA and t-tests were employed for mean comparisons.

Data analysis was conducted using SPSS v. 28.1 for Windows (IBM Corp. 2018, Armonk,
NY, USA) and R (R Project 2019, version 4.0.2). The threshold for statistical significance
was set at p < 0.05.

2.10. Ethical Considerations

Before beginning the study, it was approved by the Research Ethics Committees of the
Virgen Macarena and Virgen del Rocio hospitals (Seville, Spain) on 13 March 2021 (Code
2722-N-20).
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Participation in the project was voluntary, as was the participation request. Verbal and
written informed consent information was provided to every participant in the study. The
study was designed according to Spanish Law No. 14/2007 of 3 July regarding biomedical
research and complied with the study suitability requirements and with the procedure
regarding the study objectives. The data were anonymously handled according to the
Spanish Organic Law on Protection of Personal Data and Guarantee of Digital Rights
(Spanish Organic Law 3/2018).

3. Results
3.1. Characteristics of the Sample

A total of 512 participants were initially selected, with 130 (25.4%) excluded from
randomisation for the following reasons: 73 (56.2%) were not breastfeeding their newborns
and 57 (43.8%) declined follow-up in the first 10 days postpartum.

The analysis focused on a total sample of 382 mother—child dyads, randomly dis-
tributed, with 151 (39.5%) in the CG and 231 (60.5%) in the IG. There were 51 (13.35%)
dropouts between T1 and T2 (n = 331), 27 (7.06%) of them due to discontinuation of breast-
feeding. In addition, 28 participants (7.32%) dropped out between T2 and T3 (n = 303),
motivated by discontinuation of breastfeeding, resulting in a total of 79 participants who
did not continue responding to surveys (Figure 1).

Targeted recruitment in primary health centres

Randomized
clusters

Healthy women planning to breastfeed who met inclusion criteria
(n=512)
Recruitment at 35-37 weeks of gestation

Prenatal breastfeeding
education

BIRTH

First postpartum visit (10 days after birth) ‘

Breastfeeding (n = 382) No breastfeeding
Data collection baseline (n=73)or withdrawal
(n=57)

Intervention group (n=231) Control group (1 =151)
Meetings in the breastfeeding Usual care
supportgroup Midwife support if requested
Peer support from the support group
Social network via Facebook™,

WhatsApp™
[ Lost before follow-
Follow-up at2 months Follow-up at2 months @ :psl)
postpartum postpartum (1 =131)
. 2 1G: 31;CG: 20
(n=200) Outcome variables registered
Outcome variables registered
| |
\l, \l, Lost before follow-
up
Follow-up at4 months Follow-up at4 months (n=28)
postpartum (: =181) postpartum ( =122) 1G: 19;CG: 9
Outcome variables registered Outcome variables registered

Figure 1. Participant selection flowchart.
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We compared baseline characteristics between the dropout group (n = 79 [CG: 29;
IG: 50]) and the final analysed group (1 = 303). Fisher’s exact and t-tests were used, as
appropriate for variable types, to compare the groups. We observed that only those women
in the IG dropout group had a lower rate of university education compared to the follow-
up group (52.0% vs. 66.9%); this difference was statistically significant (p = 0.038). Thus,
despite these losses, group homogeneity was maintained, indicating their random origin.

3.2. Sociodemographic and Obstetric—Neonatal Variables

The participants had a mean age of 33.4 &+ 4.7 years, with 93.5% (357/382) born in
Spain. The majority had a university education (64.4%), were married (55.0%) and had
gainful employment (61.5%). The mean gestational age at birth was 39.5 & 1.2 weeks, and
53.9% (206/382) of participants were primiparous, with 60.7% (232/382) experiencing a
spontaneous onset of labour culminating in vaginal delivery (61.8%). The average birth
weight was 3271 4+ 434.3 g.

The relative rate of breastfeeding experience was 38.4% (58/151) in the CG and 44.6%
(103/231) in the IG. We did not find statistically significant differences between the so-
ciodemographic or obstetric-neonatal characteristics of the two groups, except for early
skin-to-skin contact (p = 0.028) and feeding type at 4 months (p < 0.001; Table 1).

Table 1. Distributions of baseline variables in control and intervention groups (1 = 382).

Control Group Intervention Group
n =151 (39.5%) n = 231 (60.5%) p-Value *
n % n %
. Spain 142 94 215 93.1
Country of origin Foreign 9 6 16 6.9 0.709
Single 73 48.3 95 41.1
. Married 76 50.3 134 58
Civil status Separate o 13 > 0.9 0.326
Widow 0 0 0 0
None 0 0 1 0.4
. Primary school 5 3.3 9 39
Educational level Secondary school 47 31.1 74 32 0.846
University 99 65.6 147 63.6
Self-employed 11 7.3 27 11.7
Employment status Employed 97 64.2 138 59.7 0.353
Unemployed 43 28.5 66 28.6
. Primiparous 87 57.6 119 51.5
Parity Multiparous 64 04 112 485 0.242
. . No 93 61.6 128 55.4
Previous BF experience Yes 58 384 103 446 0.232
Induction 61 404 89 38.5
Labour onset Spontaneous 90 59.6 142 615 0.715
Eutocic 96 63.6 140 60.6
. Instrumental 26 17.2 51 22.1
Type of birth Elective CS 5 33 12 52 0411
Emergent CS 24 15.9 28 12.1
No 25 16.6 21 9.1
E-55C Yes 126 83.4 210 909 0.028
Male 79 52.3 116 50.2
Newborn sex Female 72 477 115 1938 0.688
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Table 1. Cont.

Control Group
n =151 (39.5%)

Intervention Group

n = 231 (60.5%)

p-Value *
n % n %
EBF 121 80.1 178 77.1
Type of feeding at discharge BF with OH 17 11.3 32 13.8 0.841
(n =382) Mixed 13 8.6 21 9.1 :
Formula - - - -
EBF 118 78.1 180 77.9
Type of feeding T1 BF with OH 20 13.3 31 13.4 0.960
(n=382) Mixed 13 8.6 20 8.7 ’
Formula - - - -
EBF 84 64.1 146 73
Type of feeding T2 BF with OH 14 10.7 18 9 0335
(n=2331) Mixed 19 145 23 115 :
Formula 14 10.7 13 6.5
EBF 61 50 128 69.9
Type of feeding T3 BF with OH 13 10.7 21 11.60 0.001
(n =303) Mixed 22 18 12 6.62 <U.
Formula 26 21.3 20 10.9
Quantitative Variables Group n Mean SD p-value **
CG 151 33.28 5.03
Maternal age (year) G 231 33.50 441 0.063
. CG 151 39.46 1.38
Gestational age (week) G 71 39.45 114 0.820
. . CG 151 3299 430
Birth weight (gram) G 230 3053 437 0.819
EPDS T1 CG 151 12.65 3.68 0.090
(n =382) 1G 231 12.11 3.26 ’
EPDS T2 CG 131 12.50 3.66 0.487
(n=331) 1G 200 12.62 3.70 ’
EPDS T3 CG 122 13.39 4.00 0116
(n =303) IG 181 12.49 3.63 :
GSET1 CG 151 78.59 14.36 0.699
(n =382) 1G 231 79.58 13.87 ’
GSE T2 CG 131 75.65 14.39 0.607
(n=331) IG 200 77.73 14.81 :
GSE T3 CG 122 75.36 15.17 0.881
(n=303) IG 181 76.46 15.26 :

* Chi-squared test; ** ANOVA; BF: breastfeeding; CS: caesarean section; E-SSC: early skin-to-skin contact; EBF:
exclusive breastfeeding; BF with OH: breastfeeding with occasional help; T1: 10 days postpartum; T2: 2 months
postpartum; T3: 4 months postpartum; SD: standard deviation; EPDS: Edinburg Postnatal Depression Scale; GSE:
General Self-efficacy Scale; CG: control group; IG: intervention group.

During the follow-up period, we observed a gradual reduction in the breastfeeding
rate from 78.0% (298/382) at 10 days to 69.5% (230/331) at 2 months and 62.4% (189/303)
at 4 months postpartum. Statistically significant differences were found between the rates
of breastfeeding in the CG (50.0%) and the IG (70.7%) at 4 months postpartum (p < 0.001;

Table 2).

93



Nutrients 2024, 16, 227

Table 2. Analysis of the between-group differences in the maintenance of exclusive breastfeeding.

Group

cG Ic Total p-Value *
N n 33 51 84
EBE T1 ° % 21.90 22.10 22.00 0,959
(n=382) v n 118 180 298 ’
s % 78.10 77.90 78.00
N n 47 54 101
EBF T2 ° % 35.90 27.00 30.50 0086
(n=331) v n 84 146 230 ’
s % 64.10 73.00 69.50
N n 61 53 114
EBF T3 ° % 50.00 29.28 37.62 0001
<0.
(n=303) y n 61 128 189
s % 50.00 70.72 62.38

* Chi-square test; CG: control group; IG: intervention group; EBF: exclusive breastfeeding; T1: 10 days postpartum;
T2: 2 months postpartum; T3: 4 months postpartum.

Statistically significant differences between the groups were observed in PPD at
4 months postpartum, with a lower mean score on the EPDS in the IG than the CG
(12.49 £ 3.6 vs. 13.39 £ 4.0; p = 0.044; Table 3).

Table 3. Effectiveness of the intervention at reducing postpartum depression, as evidenced by
between-group differences.

0/0 I
n Mean SD U 95% C Minimum Maximum F p-Value *
pper Lower
Limit Limit
CG 151 12.65 3.686 12.06 13.24 6 23
EPDS T1 IG 231 12.11 3.268 11.68 12.53 6 23 2.258 0.134
Total 382 12.32 3.445 11.98 12.67 6 23
CG 131 12.50 3.666 11.87 13.14 6 24
EPDS T2 IG 200 12.62 3.702 12.10 13.13 6 22 0.072 0.789
Total 331 12.57 3.683 12.17 12.97 6 24
CG 122 13.39 4.001 12.67 14.10 6 23
EPDS T3 1G 181 12.49 3.636 11.96 13.02 6 24 4.077 0.044
Total 303 12.85 3.805 12.42 13.28 6 24

* ANOVA; SD: standard deviation; CI: confidence interval; EPDS: Edinburg Postnatal Depression Scale; T1: 10 days
postpartum; T2: 2 months postpartum; T3: 4 months postpartum; CG: control group; IG: intervention group.

We examined the relationships between the maintenance of EBF and both EPDS and
GSE scores during the study period. We observed statistically significant differences in the
GSE scores of women who did and did not perform EBF only at T2 and T3, with women
performing EBF obtaining higher scores (78.1 + 14.3 vs. 74.3 £ 15.2 at T2 [p = 0.014];
783 £ 14.4 vs. 72.4 £ 159 at T3 [p < 0.001]; Table 4). Statistically significant differences
were observed in the EPDS scores of women who did and did not perform EBF only at T2
and T3, with lower mean scores in women performing EBF (12.2 £ 3.5 vs. 13.5 £ 3.9 at T2
[p =0.002]; 12.1 + 3.6 vs. 14.1 & 3.8 at T3 [p < 0.001]; Table 4).
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Table 4. Relationships between the maintenance of EBF and both EPDS and GSE scores during the
study period.

Levene’s Test

for Equality of t-Test for Equality of Means
Variances
Significance Standard 95% CI
M
n Mean  SD :]%E%:ifi F p-Value t af ?}t_\\e/;ﬁaey "1;1"2"5};}’:7;}’ Diff:ra:nce DF;;;::;{CQ Lower Upper
EBFTI EPDS {1‘; g;‘s g:g gé g; 1006 0317 0285 380 0.388 0.776 0.121 0426 —0.716 0959
(%ISE IY\IeZ 2838 ggg }ié (1]2 1.799 0.181 0.744 380 0.229 0.457 1.293 1.738 —2.123 4709
EBFT2 Epps o b o 2180 0141 3165 329 0.001 0.002 1.373 0434 0519 2226
GE Joo o RS o 0281 0596  -2202 329 0.014 0.028 ~3.831 1.740 ~7253  —0.408
FBETSEpDS Moo e o Y Pt 0023 0880 4656 303 <0.001 <0.001 2,015 0433 1163 2867
Gse Joo e e e 08 1121 0291 3318 303 <0.001 <0.001 5587 1.809 ~9331 2384
EBF: Exclusive breastfeeding; T1: 10 days postpartum; T2: 2 months postpartum; T3: 4 months postpartum; EPDS:
Edinburg Postnatal Depression Scale; GSE: General Self-efficacy Scale.

Table 5 presents the factors associated with the maintenance of EBF across the three
distinct postpartum periods. Logistic regression analysis results revealed significant associ-
ations between various variables and the likelihood of sustaining EBF during each period.
At T1, the absence of early skin-to-skin contact was significantly associated with a decrease
in the likelihood of maintaining EBF (OR = 0.432, p = 0.014). At T2, EPDS scores were
significantly associated with the likelihood of maintaining EBF. Specifically, an increase
in EPDS T2 scores was linked to a significant decrease in the likelihood of sustaining EBF
(OR =0.915, p = 0.012). This finding suggests that higher levels of depressive symptoms
during the second postpartum period were associated with a reduction in the likelihood
of maintaining EBF. Similarly, at T3, EPDS scores were significantly associated with the
probability of maintaining EBF, with an increase in score linked to a significant decrease in
the likelihood of sustaining EBF (OR = 0.887, p = 0.002). Finally, the absence of intervention
was related to a significant decrease in the probability of maintaining EBF at T3 (OR = 0.474,
p =0.003).

Table 5. Multivariate logistic regression models of factors favouring exclusive breastfeeding during
the study period.
95% CI
B Standard Error Wald df p-Value Exp (B) Lower Upper
E-SSC (No) ~0.839 0.341 6.047  1.000 0.014 0.432 0.221 0.843
Gestational age 0.164 0.097 2.866 1.000 0.090 1.178 0.975 1.424
T1 EPDS T1 —0.011 0.036 0.085 1.000 0.770 0.989 0.921 1.063
GSET1 ~0.007 0.009 0591 1.000 0.442 0.993 0.975 1.011
Intervention (No) 0.083 0.259 0.102 1.000 0.749 1.086 0.653 1.807
Constant —4.392 3.924 1.252 1.000 0.263 0.012
E-SSC (No) ~0.333 0.376 0781  1.000 0377 0.717 0.343 1.499
Gestational age 0.043 0.101 0.177 1.000 0.674 1.044 0.856 1.273
™ EPDS T2 —0.089 0.035 6.315 1.000 0.012 0.915 0.853 0.981
GSE T2 0.009 0.009 1.028 1.000 0.311 1.009 0.992 1.026
Intervention (No) —0.403 0.249 2.612 1.000 0.106 0.668 0.410 1.090
Constant -0.187 4.044 0.002 1.000 0.963 0.829
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Table 5. Cont.

B Standard Error Wald df p-Value Exp (B) Lowe9rs o CII_]pper
E-SSC (No) —0.737 0.397 3.438 1.000 0.064 0.479 0.220 1.043
Gestational age 0.069 0.105 0.430 1.000 0.512 1.072 0.872 1.317
EPDS T3 —0.120 0.039 9.406 1.000 0.002 0.887 0.822 0.958
T3 GSE T3 0.011 0.010 1.189 1.000 0.275 1.011 0.992 1.030
Intervention (No) —0.746 0.255 8.566 1.000 0.003 0.474 0.288 0.782
Constant —1.076 4.292 0.063 1.000 0.802 0.341

Adjusted R? for T1: 0.219; adjusted R? for T2: 0.472; adjusted R? for T3: 0.37; Exp (B): odds ratio; T1: 10 days
postpartum; T2: 2 months postpartum; T3: 4 months postpartum; E-SSC: early skin-to-skin contact; EPDS:
Edinburg Postnatal Depression Scale; GSE: General Self-efficacy Scale.

4. Discussion

The purpose of this study was to assess the effect of midwife-led breastfeeding support
groups on the maintenance of breastfeeding, the prevalence of PPD and the perceived
general self-efficacy of the participants.

In our study, one of the most important factors related to the initiation of breastfeed-
ing was early skin-to-skin contact after delivery. This result aligns with findings from a
Cochrane review indicating that this intimate contact between the newborn and the mother
provides a unique environment that meets basic biological needs, according to mammalian
neuroscience, and programs future behaviours that aid in the maintenance of EBF [46].
Breastfeeding is considered a protective factor against PPD because it causes the release of
oxytocin, which contributes to the well-being of the woman [47].

Another factor in our study related to the initiation of breastfeeding was greater
gestational age at birth, indicating that these newborns had greater biological maturity
that allowed for a more satisfactory initiation of breastfeeding and better adaptation to
extrauterine life. Conversely, early term infants (born between weeks 37 + 0 and 38 + 6) are
more likely to experience adverse neonatal outcomes that necessitate medical interventions,
thereby complicating the initiation of breastfeeding [48,49]. This could not be analysed in
our study, as participants with preterm pregnancies were not included.

The maintenance of breastfeeding during the first 6 months plays a crucial role in the
health and well-being of the mother—infant dyad. According to our data on postpartum
depressive symptoms, as measured by the EPDS, higher levels of depressive symptoms
were associated with a reduction in the maintenance of EBF at 2 months (T2) and 4 months
(T3). However, we must clarify that the direction of the association is unknown, as we
do not know whether women who report fewer signs and symptoms of PPD have better
breastfeeding experiences or whether those who continue breastfeeding for a longer period
adapt more effectively postpartum and therefore have lower PPD scores. This challenge
has already been identified by other authors who reported that women who breastfed for a
longer duration had a statistically significantly lower EPDS risk score for PPD [50]. A study
by Bascom et al. [51] suggested that, when depressive symptoms appear in postpartum
women prematurely, difficulties with breastfeeding often lead to its early cessation.

Another key factor for the maintenance of breastfeeding is education and support
through breastfeeding support groups. Our findings align with those of other studies,
which have shown that interventions for promoting breastfeeding based on a combination
of social support from peers and leadership by IBCLCs yield better results in maintaining
breastfeeding during the first 6 months postpartum [29]. In our study, we did not observe
differences at 2 months postpartum, when the first breastfeeding challenge occurs [52],
but we did observe differences at 4 months postpartum, when women return to work, as
indicated by other studies in which interventions were effective at 4 and 6 months postpar-
tum [53]. The national regulation for maternity leave in Spain in relation to the workers’
statute and public employees is 16 weeks with the following distribution: 6 mandatory in-
terrupted weeks that must be enjoyed full-time immediately after giving birth and 10 more
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weeks that can be enjoyed on a full- or part-time basis [54]. This period of time aligns with
the return to work.

General self-efficacy in breastfeeding, which is based on confidence, helps to improve
breastfeeding rates [55]. In our study, it was linked to breastfeeding and PPD. Women
who demonstrated higher general self-efficacy showed higher levels of breastfeeding [56]
and lower levels of PPD. Additionally, those who participated in breastfeeding support
groups had better outcomes for the aforementioned parameters. This aligns with the
findings of Tsen et al. [57] in their randomised controlled trial, which indicate that pre-
vious breastfeeding experiences (performance accomplishments), along with observing
successful breastfeeding in peers (vicarious experience) and verbal encouragement from
a leader promoting breastfeeding (verbal persuasion), lead to breastfeeding success. The
stress and anxiety reduction provided by these support groups increases self-efficacy and,
consequently, breastfeeding [57]. Additionally, our study showed that women who were
part of midwife-led breastfeeding support groups maintained breastfeeding for a longer
duration and experienced less PPD. Hence, multiple findings suggest that support groups
have numerous benefits as a health promotion strategy and coping mechanism for ill-
nesses through informative support, shared experiences and opportunities to learn from
others [58,59].

We must acknowledge some limitations of our study. Firstly, in the control group, no
intervention unrelated to breastfeeding was carried out, but it did include psychosocial
care. The reason was that in this study, we compared the standard care that women receive
during this period [38] with an additional intervention designed primarily to improve
breastfeeding rates. However, we also presumed that it could potentially enhance maternal
mental health. Furthermore, since the direction of the association between breastfeeding
and postpartum depression is uncertain, implementing an emotional support intervention
in the control group could indirectly improve breastfeeding rates and confound the results.
Nevertheless, women in the control group had access to on-demand consultations with
the midwife for assistance or advice if needed. Secondly, only healthy women and new-
borns were included, thereby limiting the variability of observed physiological parameters
and potentially simplifying their interpretation. Data related to breastfeeding type were
self-reported, which could introduce a memory bias, even though data collection was
conducted chronologically over time. Additionally, pregnant women might have misclas-
sified types of breastfeeding (EBF, breastfeeding with other foods, etc.), which could also
be related to memory bias. However, maternal recall for reporting these data has been
shown to be a valid and reliable estimate of breastfeeding [60]. Furthermore, no data were
collected on informal support or on the partners of the participants (age, gender, education,
occupation. . .). Thirdly, we lacked a baseline assessment prior to pregnancy of women’s
rates of depression. We cannot determine if women who experienced PPD had previously
suffered from depression or showed signs of being at risk. Another limitation was the
withdrawal of patients from both the CG and the IG throughout the period of data collec-
tion. Finally, follow-up was conducted only until 4 months postpartum, as it is reported
to be a significant period for early discontinuation of breastfeeding, particularly due to
work-related reasons. In subsequent studies, it would be relevant to address up to 6 months
postpartum, as per the World Health Organization’s recommendation for breastfeeding.

We would like to highlight several strengths of our study, such as the prospective,
consecutive and randomised inclusion of patients in five provinces of Andalusia, a southern
region of Spain, allowing the findings to be applicable in routine clinical practice. The
training provided by the research team to the midwives recruiting pregnant women en-
sured that the CG and IG samples were as homogeneous as possible. Another significant
strength of this study was the use of multivariate logistic regression to determine the factors
favouring breastfeeding at different data collection time points (from T1 to T3), a statistical
approach not implemented in previous studies.
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5. Conclusions

Women participating in midwife-led breastfeeding support groups exhibited higher
levels of general self-efficacy, maintained breastfeeding for a longer duration and showed
less PPD at 4 months after childbirth compared to women in the CG. These findings
suggest the need for healthcare providers (midwives) to develop intervention strategies that
address factors supporting the initiation and maintenance of breastfeeding by enhancing
self-efficacy to reduce the occurrence of PPD, as these have been identified as promising
interventions, although further research is needed.
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Abstract: Numerous factors concerning early breastfeeding abandonment have been described,
including health literacy (HL). This study’s objective was to analyze factors related to early breast-
feeding abandonment (<6 months). This prospective multicentric study examined the duration of
breastfeeding at 6 months postpartum and was conducted in four different regions of Spain from
January 2021 to January 2023. A total of 275 women participated in this study, which focused on
maternal HL and obstetric practices. A decrease in the breastfeeding rate was observed from hos-
pital discharge (1 = 224, 81.5%) to the sixth month postpartum (1 = 117, 42.5%). A Cox regression
analysis revealed that inadequate HL levels, lack of mobilization during labour, and induced labour
were significantly associated with early breastfeeding cessation (p = 0.022, p = 0.019, and p = 0.010,
respectively). The results highlight that women with adequate HL had a 32% lower risk of early
breastfeeding abandonment. In comparison, mobilization during labour and induction of labour were
linked to a 32.4% reduction and a 53.8% increase in this risk, respectively. These findings emphasize
the importance of considering obstetric and HL factors when addressing the breastfeeding duration,
indicating opportunities for educational and perinatal care interventions.

Keywords: breastfeeding; health literacy; abandonment; nursing

1. Introduction

Breastfeeding (BF) is a health-promoting behaviour [1]. Furthermore, the associated
relationship between mother and baby goes beyond mere nourishment [2]. Despite its
notable and numerous physical, emotional, and psychological benefits and the significant
role that BF plays in maternal and infant health in the short, medium, and long term, BF
rates remain improvable.

International organizations, such as the World Health Organization (WHO) and the
United Nations International Children’s Emergency Fund (UNICEF), recommend maintain-
ing exclusive breastfeeding (EBF) for at least the first six months of infants” lives. However,
according to data, it is estimated that globally, 43.8% of infants under 6 months are ex-
clusively breastfed [3]. In Europe, this figure rises to 60%, but it is unknown whether it
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pertains to EBF or any other form of breastfeeding [4]. It is also important to note sig-
nificant variability in the data depending on the European country of origin. In Spain,
the national health survey in 2017 showed that the percentage of EBF at 6 months was
39% [5]. However, other studies have reported significant variability between cities and
autonomous communities. For example, the reported EBF rate in Madrid was 25.4% [6],
16.8% in Catalonia [7], and 21.6% in the Vasque Country [8]. The latest multicentre study
that reported figures in Spain indicates that 57.3% of women maintained breastfeeding,
including EBF and mixed feeding, up to 6 months postpartum [9]. In order to contribute to
improving these figures, it is relevant to understand the factors that influence the duration
of breastfeeding to promote optimal practices.

Health literacy (HL) has been defined as “The ability of an individual to obtain and
translate knowledge and information in order to maintain and improve health in a way that
is appropriate to the individual and system contexts” [10]. Furthermore, HL is understood
to be a continuous learning process that requires the ability to access, comprehend, critically
evaluate, and apply health-related information [10,11]. Among the many published articles,
in 2001, Kaufman [12] was the first to establish a correlation between HL and the main-
tenance of BF. Subsequent studies, however, have presented diverse outcomes, with the
anticipated link between HL and BF maintenance not uniformly affirmed in all instances.
This variability may stem from the specific characteristics of the study population, or the
nuances of the screening tools employed, which are often adapted from languages other
than the one under investigation. Consequently, this underscores the imperative for meticu-
lously scrutinizing contextual and methodological elements in deciphering the association
between HL and BF duration.

The limited comparability with other studies emanates from incongruent definitions of
BF outcomes and the myriad methods utilized to assess HL. Researchers [12-14] employed
questionnaires, such as the Short Test of Functional Health Literacy in Adults or Rapid Esti-
mates of Adult Literacy in Medicine, to measure HL. Despite the divergent HL assessment
approaches, a consistent finding emerged, which revealed positive correlations between
HL and BF behaviour. Nevertheless, the distinct criteria used to assess BF outcomes in-
troduce additional intricacies into direct comparisons. Conversely, other authors [15,16]
have reported no statistically significant association between functional HL, as evaluated
using the Newest Vital Sign screening tool, and EBF for more than 4 months. Considering
the observed variability in results, our study is positioned as a valuable addition to the
existing body of evidence. However, recognizing that maternal HL levels may influence
the understanding and adherence to BF recommendations, further research is warranted.

Historically, it has been observed that the medicalization of childbirth significantly
impacted BF rates. At the beginning of the 20th century, most births occurred at home,
and a breastfeeding culture was well-established, with knowledge transmitted effectively
between women; this context resulted in high breastfeeding rates [17]. In contrast to this,
the model of care centred on medical authority led to barriers in breastfeeding related to
obstetric practices, such as the separation of the mother—child dyad during the clinical
postpartum period [17,18]. Currently, we know that mother-baby separation after birth,
the excessive use of medical interventions during childbirth, or a lack of support during
the clinical postpartum period are practices that do not favour the establishment and
maintenance of breastfeeding. On the other hand, despite high levels of intervention, as in
a surgical procedure, like a Caesarean section, it is known that respecting dyad practices,
such as early skin-to-skin contact or early and spontaneous breastfeeding initiation, favour
the establishment and long-term maintenance of breastfeeding [19-21].

As breastfeeding practices significantly contribute to infant health and development,
unravelling the intricate relationship between maternal HL, obstetric practices, and BF
duration holds the potential to guide evidence-based approaches for promoting and sus-
taining optimal breastfeeding practices. Therefore, this study aimed to analyze factors
related to early breastfeeding discontinuation (<6 months).
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2. Materials and Methods
2.1. Study Design

This multicentre prospective study was conducted in four public hospitals across
Spain from January 2021 to January 2023.

2.2. Participants and Study Area

Women meeting the eligibility criteria were enrolled in primary health centres between
24 and 37 weeks of pregnancy. This study strategically chose four hospitals that were geo-
graphically dispersed—three in the east and one in the west of Spain—to ensure a diverse
analysis. This inclusive approach facilitated result generalization while mitigating biases.
Specifically, the eastern region included the General Hospital of Castellén (northeast (H3)),
Hospital de la Ribera (H1), and Hospital Lluis Alcanyis (southeast (H2)), with comparable
annual deliveries. The General Hospital of Caceres (H4) in the west of Spain offers mater-
nity care to women with distinct characteristics. All four hospitals share similarities in birth
rates, treated prematurity, and participation in the IHAN program for maternity healthcare
quality. Collectively serving 500,000 people, they witness approximately 5000 births annu-
ally, with pregnant women recruited during their third trimester from primary care clinics
managed by affiliated midwives.

2.3. Inclusion and Exclusion Criteria

Participants were enrolled during the third trimester of pregnancy in the midwifery-
led primary care consultations in each participating centre. The inclusion criteria were
women who accepted and signed the informed consent form, had Internet access, and
intended to breastfeed.

This study’s exclusion criteria were females under 16 years of age; individuals with
cognitive impairments, language barriers, or illiteracy (unable to read in Spanish); new-
borns with congenital malformations; and multi-child pregnancies.

2.4. Sample Size

We estimated the necessary sample size based on an annual population of 5000 births
across the 4 participating hospitals, assuming a 65% discontinuation rate of breastfeeding
at 6 months, with a significance level of 0.05% and a power of 90%, along with an estimated
10% loss to follow-up. The total sample size calculated was 261 participants.

2.5. Baseline Variables
The baseline data collection encompassed the following variables:

e  Sociodemographic variables: maternal age, country of origin (Spain/foreign), level
of education (primary to secondary school/university), employment status (profes-
sional to employee/unemployed/student), civil status (married/others), economic
status (<EUR 1000 per month/>EUR 1000 per month), and financial status (bad-
regular/good—-very good).

e  Health-literacy-related variables: HLS-EU-Q16, which assesses the population’s HL
through a Likert scale with 16 items according to “very easy (1 point)”, “easy (1 point)”,
“difficult (0 points)”, and “very difficult (0 points)”. This unifactorial scale exhibits
good internal consistency, with a McDonald’s omega value of 0.982 in the Span-
ish population [22]. Level of HL: adequate (>12 points) or inadequate (<12 points)
(Supplementary Table S1).

e  Obstetric-neonatal variables: gestational age at birth, parity (nulliparous/multiparous),
type of onset of labour (spontaneous or elective Caesarean section/induced), type of
rupture of membranes (spontaneous/artificial), group B streptococcus status (posi-
tive/negative), intrapartum antibiotic use (yes/no), intrapartum analgesia (inhala-
tory/local/epidural /none), Kristeller manoeuvre (yes/no), completion of birth (spon-
taneous vaginal/instrumental (vacuum, spatulas, forceps)/Caesarean section), epi-
siotomy (yes/no), perineal condition following birth (intact/grade 1/grade 2/
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grade 3/grade 4) [23], newborn gender (female/male), newborn weight (grams),
early skin-to-skin contact [(within 30 min and lasting for at least 2 continuous hours)
(yes/no/with father)], early start of breastfeeding (within 2 h/after more than 2 h),
drinking allowed during labour (yes/no), accompaniment of maternal choice allowed
(yes/no), mobilization allowed during labour (yes/no), and positioning at the moment
of birth (vertical /lying down—lithotomy position/lateral decubitus).

e  Response variable: type of nursing (BF/supplementary feeding (SF)/mixed feeding
(MF)) at 6 months postpartum, assessing the newborn and infant feeding practices.
The response variable “Suspension of BF at 6 months” (yes/no) considered whether
the infant was receiving SF (“yes”) or continued with BF or MF (“no”) at 6 months.

e  Variables related to previous breastfeeding education: information/training in breast-
feeding (none/previous information received from relatives; friends; or health pro-
fessionals, such as midwives, pediatric nurses, obstetricians, and paediatricians);
consultation of texts; participation in birth preparation groups, nursing groups, or
postpartum groups; and the use of digital tools.

2.6. Data Collection

A web platform was developed for study monitoring in each of the four cohorts
in Spain: Hospital de la Ribera (H1), Hospital Lluis Alcanyis (H2), General Hospital of
Castellon (H3), and General Hospital of Caceres (H4), all of which had comparable annual
birth rates. After recruitment and electronic acceptance of the informed consent form, the
participants received a survey via email based on the expected due date. In the initial
baseline survey, all sociodemographic data and health literacy levels were collected using
the screening tool HLS-EU-Q16. After childbirth, each participant received surveys at
15 days, 6 weeks, 3 months, and 6 months postpartum. Collaborating researchers from
each health department of the 4 regions (H1, H2, H3, and H4) were given secure access
to the platform to record birth data and the number of visits made by various healthcare
professionals during the study period. The collected information was entered into an
electronic database while ensuring compliance with current regulations and guaranteeing
confidentiality and anonymity. Losses and dropouts during this study and their causes
were recorded. However, researchers were not authorized to view the planned surveys
that the participants completed during the study follow-up. Finally, the data manager
was responsible for matching the participants’ survey responses with their birth dates and
the follow-ups performed by various healthcare professionals for up to 6 months. This
approach ensured confidentiality and complied with data protection regulations. Our
methodology prioritized user anonymity and data security, which allowed for accurate
matching while safeguarding participants’ privacy rights.

2.7. Data Analysis

The dataset underwent comprehensive descriptive analyses, which involved examin-
ing the distinctive features of each variable. Statistical tests, such as Fisher’s test or t-test,
were selectively applied to compare means. Bivariate comparisons scrutinized the early
breastfeeding abandonment (<6 months) (yes/no) at multiple time points, including at
discharge, 15 days, 6 weeks, 3 months, and 6 months, while considering sociodemographic,
health literacy, and obstetric-neonatal variables through the chi-square test. Additionally,
survival analysis using the Kaplan-Meier method gauged the statistical significance of
variables related to early breastfeeding abandonment over 6 months. A Cox regression
model was formulated and incorporated statistically significant variables.

The statistical analysis was performed using SPSS v. 28.1 for Windows (IBM Corp.
2018, Armonk, NY, USA), with a significance threshold set at p < 0.05.

3. Results

Out of a total of 280 women, 5 were excluded for the following reasons: 2 perinatal
deaths and 3 lost to follow-up. The total analyzed sample consisted of 275 participants.
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A total of 44.7% (123/275) of the births were attended at H1, 27.3% (75/275) at H4, 15.6%
(43/275) at H3, and 12.4% (34/275) at H2. Table 1 presents a chi-square analysis to assess
the associations between various variables and early BF abandonment. The chi-square test
was applied by comparing each category’s observed and expected frequencies, with results
stratified by the responses (no or yes) regarding early BF abandonment. The associated
p-values indicate the statistical significance of these associations. Notably, the comparisons
were made by analyzing the table’s columns.

Table 1. Sociodemographic and obstetric-neonatal characteristics of the sample (N = 275).

Early BF Abandonment in the Previous 6 Months

No Yes
n =117 (42.5%) n =158 (57.5%)
n % n % p-Value *
Country of origin Spain 108 923 140 88.6 0308
Foreign 9 7.7 18 11.4
Primary to secondary
54 46.2 73 46.2
Education level school 0.994
University 63 53.8 85 53.8
Oth 37 31.6 55 34.8
Civil status e 0.994
Married 80 68.4 103 65.2
Unemployed or student 38 325 59 37.3
Employment status 0.994
Employee or 79 675 99 62.7
professional
EUR 1 h 427 74 46.
Economic status <EUR 1000/mont 20 68 0.499
>EUR 1000/ month 67 573 84 53.2
Financial stability level Bad or medium o1 3.6 83 525 0.142
Good or very good 66 56.4 75 47.5
Exclusive 110 94 138 87.3
Desired type of -
breastfeeding Mixed 5 4.3 13 82 0.177
Not desired yet 2 1.7 7 44
No information 4 34 10 6.3
Family or friend 21 17.9 47 29.7
Previous breastfeeding Healthcare professional 34 29.1 36 22.8
information Books 10 85 5 3.2 0.093
Birth preparation 19 16.2 18 11.4
Breastfeeding group 1 0.9 1 0.6
Digital tools 28 23.9 41 25.9
Health literacy level by Inadequate 28 23.9 56 35.4
HLS-EU-16Q 0.040
Adequate 89 76.1 102 64.6
Parity Nulliparous 81 69.2 121 76.6 0172
Multiparous 36 30.8 37 234
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Table 1. Cont.

Early BF Abandonment in the Previous 6 Months

No Yes
n =117 (42.5%) n =158 (57.5%)
n % n % p-Value *
Low risk 92 78.6 118 74.7
Gestational diabetes 9 7.7 16 10.1
Hypothyroidism 4 34 5 3.2
Preeclampsia/hypertension 2 1.7 2 1.3
Pregnancy risk Infertility 1 0.9 1 0.6 0.649
Premature birth 0 0 4 2.5
L L
Chronic c04r1di.ti0n with 1 0.9 4 25
medication
Onset of labour Spontarée_(;:jﬁo;neledwe 9 812 100 633 0.014
Induction 22 18.8 58 36.7
Type of rupture of Spontaneous 83 70.9 89 56.3 0.013
membranes Artificial 34 29.1 69 437
Streptococcus Agalactie B Negative % 82.1 129 81.6 0.931
Positive 21 17.9 29 18.4
Intrapartum use of antibiotic No %8 838 126 797 0.397
Yes 19 16.2 32 20.3
Inhalator 0 0 0 0
Local 3 2.6 8 5.1
Type of analgesia Epidural 92 786 123 77.8 0.420
Without analgesia 9 7.7 16 10.1
Spinal 13 11.1 11 7
Kristeller manoeuvre No 105 88 145 18 0.303
Yes 14 12 13 8.2
Drinking allowed during No 28 23.9 57 36.1 0.031
labour Yes 89 76.1 101 639
Labour accompaniment No 8 68 6 38 0.257
Yes 109 93.2 152 96.2
Mobilization allowed during No 27 23.1 57 36.3 0.019
labour Yes 90 769 100 63.7
Vertical 8 8.4 21 17.1
Positioning in birth (1 = 218) Lithotomy 61 64.2 81 65.9 0.087
Lateral decubitus 26 27.4 21 17.1
Spontaneous vaginal 66 56.4 90 57
Type of birth Instrumental vaginal 30 25.6 32 20.3 0.443
C-section 21 17.9 36 22.8
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Table 1. Cont.

Early BF Abandonment in the Previous 6 Months

No Yes
n =117 (42.5%) n =158 (57.5%)
n % n % p-Value *
Vacuum 26 86.7 24 75
Type of instrumental birth Spatulas 2 6.7 5 15.6 0.472
Forceps 2 6.7 3 9.4
Episiotomy No 68 70.8 81 66.4 0.484
Yes 28 29.2 41 33.6
Intact 19 27.9 27 32.5
. .. Grade 28 41.2 29 34.9
Perineum injury 0.846
Grade IT 20 29.4 25 30.1
Grade 11T 1 1.5 2 24
Femal, 63 53.8 75 47.5
Sex of newborn emate 0.296
Male 54 46.2 83 525
No 2 17 7 44
Early skin-to-skin contact Yes 108 92.3 137 86.7 0.288
Companion 7 6 14 8.9
Breastfeeding initiation <2h %0 76.9 109 69 0.146
>2h 27 23.1 49 31

* Chi-square test; significant p-values < 0.05. C-section: Caesarean section; HLS-EU-16Q: health literacy survey
European Union short questionnaire in Spanish.

The mean age of participants was 33.2 £ 4.4 years (p = 0.977), with 90.2% (248/275)
being Spanish-born women (p = 0.308) (Table 1). Most participants had a university
education (53.8%, n = 148/275; p = 0.994), were married (66.5%, n = 183/275; p = 0.994),
were employed (64.7%, n = 178 /275; p = 0.994), had an adequate level of income (54.9%,
n = 151/275; p = 0.499), and perceived good or very good economic stability (51.3%,
n =141/275; p = 0.142). All women desired to breastfeed, with 90.2% (248/275) aiming for
EBE, 6.5% (18/275) opting for MF, and the rest undecided (p = 0.177). Information on BF was
primarily received from family and friends (24.7%, n = 68/275), healthcare professionals
(25.5%, n =70/275), and digital tools (25.1%, n = 69/275) (p = 0.093). Approximately, 76.4%
(210/275) of pregnancies were classified as low risk, without differences between groups
(p = 0.649). The mean gestational age at birth was 39.3 £ 1.2 weeks (p = 0.475), 73.4% were
primiparous (202/275; p = 0.172), and the mean birth weight was 3254 & 401 g (p = 0.494).
The induction rate was 29.1% (80/275), with 37.4% (103 /275) undergoing artificial rupture
of membranes. Women who discontinued breastfeeding early had a higher rate of induced
labour and artificial rupture of membranes (p = 0.014 and p = 0.013, respectively). Most
women were negative for group B Streptococcus (81.8%, n = 225/275; p = 0.931); received
epidural analgesia (78.2%, n = 215/275; p = 0.420); had a spontaneous vaginal birth (56.7%,
n = 156/275; p = 0.443); and had no episiotomy (54.2%, n = 149/275; p = 0.484), with
16.7% (46/275) having an intact perineum without differences between groups (p = 0.846).
During labour, 69.1% (190/275) were allowed to drink, their partner accompanied in
94.9% (261/275; p = 0.257) of cases, and 69.1% (190/275) could move during dilation, with
the lithotomy position used for birth in 51.6% (142/218, excluding C-sections; p = 0.087).
Statistically significant differences were observed regarding early BF discontinuation, with
a higher percentage of women not allowed to drink (p = 0.031) and those with restricted
mobility (p = 0.019). Maternal skin-to-skin contact (SSC) was performed in most cases
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(89.1%, n = 245/275; p = 0.288), with early initiation of breastfeeding in 72.4% (199/275;
p = 0.146). No statistically significant differences were found between the key variables or
with the predictor variables of the model presented according to the women'’s hospital of
origin.

The HL level showed that 69.5% (191/275) of women had an adequate level. Statisti-
cally significant differences were observed between the HL level and early breastfeeding
discontinuation, with women that had inadequate levels discontinuing breastfeeding at a
higher rate at all cutoff points: at discharge (p = 0.031), at 15 days (p = 0.025), at 6 weeks
(p =0.017), at 3 months (p = 0.012), and at 6 months (p = 0.04). No statistically significant dif-
ferences were observed between the HL level and the different sociodemographic variables,
such as country of origin (p = 0.323), educational level (p = 0.400), marital status (p = 0.255),
employment status (p = 0.231), economic status (p = 0.178), and financial stability (p = 0.239).

Regarding the type of breastfeeding, we can observe in Figure 1 a reduction from
81.5% (224/275) at discharge to 42.5% (117/275) at 6 months postpartum. The mean time
of BF duration was 108.1 + 72.8 days.

e BF

e FORMULA

At 15days 6 weeks 3 months 6 months
discharge

Figure 1. Rates of breastfeeding during the study follow-up (N = 275).

We were interested in analyzing the correlation between the average time until early
abandonment of BF and variables that showed statistical significance in the bivariate
analysis (Table 2 and Figure 2). Additionally, we present the results of Kaplan-Meier
survival models used to analyze the BF duration based on statistical variables in the
bivariate analysis. The log-rank test (Mantel-Cox) was applied to assess differences in
survival functions between the compared groups and determine the statistical significance
of these differences. Significant differences were observed in the mean breastfeeding
duration between health literacy levels (p = 0.010), type of onset of labour (p = 0.004), type
of rupture of membranes (p = 0.046), fluid intake during labour (p = 0.019), and mobilization
during labour (p = 0.009).
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Table 2. Kaplan-Meier survival analysis for the duration of breastfeeding (N = 275).

Mean Median Log Rank (Mantel-Cox)
% fi I 1 .
Estimation SE 95% Confidence Interva Estimation SE Chi-Square  df  p-Value
Lower Upper
Limit Limit
HL level
Inadequate 89.17 8.18 73.13 105.2 80 28.41
Adequate 116.44 5.07 106.5 126.38 132 6.615 1 0.01
Global 108.11 4.38 99.52 116.7 123 7.77
Onset of labour
elselz(t’lr“f:réez::tf;n 1274 537 102.22 123.26 145
8.25 1 0.004
Induction 96.83 7.33 82.45 111.2 110 11.72
Global 108.11 4.38 99.52 116.7 123 7.77
Type of rupture of
membranes
Spontaneous 111.27 5.75 100 122.53 140
Artificial 102.83 6.67 89.77 115.9 114 8.46 3.979 1 0.046
Global 108.11 4.38 99.52 116.7 123 7.77
Drinking allowed
during labour
No 924 8.01 76.69 108.11 99 20.49
Yes 115.14 515 105.04 125.24 130 5513 1 0.019
Global 108.11 4.38 99.52 116.7 123 7.77
Mobilization
allowed during
labour
No 91.42 8.06 75.63 107.2 98 20.62
Yes 115.43 5.16 105.31 125.54 132 6.833 1 0.009
Global 108.07 4.4 99.44 116.69 123 8.01

Significant p-values < 0.05.

Survival curves, which were generated using the Kaplan—-Meier method, provide
visual information about the probability of an event occurring over time. These curves, as
shown in Figure 2, show the probability of maintaining BF without early abandonment
as time progressed (as represented on the x-axis) from initiation. We observed differences
over time, with early abandonment of BF occurring earlier in women with inadequate HL,
induced labour, artificial rupture of membranes, inability to drink during labour, and lack
of mobility during labour.

Finally, the Cox regression analysis assessed the association between specific variables
and the BF duration. We employed a Cox regression model to investigate the multiple
factors that influenced the duration of BF, with a particular focus on significant variables in
the survival analysis. The results, as presented in Table 3, elucidate the predictive value of
the HL level, mobilization during labour, and the type of onset of labour.
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Figure 2. Survival curves for early breastfeeding abandonment based on statistically significant
variables. Each curve corresponds to a distinct group within the variable, portraying the cumulative
probability of participants within that group continuing to breastfeed over time. The x-axis denotes
time, and the y-axis represents the proportion of women maintaining breastfeeding at each time point.
Disparities between the curves signify variations in the likelihood of breastfeeding continuation
between the compared groups.

The coefficient for the HL level was —0.384 (p = 0.022), indicating a statistically sig-
nificant association. The Exp(B) value of 0.681 suggests that women with an adequate HL
level had an approximately 32% lower risk of early BF abandonment compared with the
reference group.
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Table 3. Cox regression analysis for predicting early breastfeeding abandonment.

B SD Wald df p-Value Exp(B)
HL level —0.384  0.168 5.257 1 0.022 0.681
Mobilization allowed during labour ~ —0.392 0.167 5.537 1 0.019 0.676
Type of onset of labour 0.431 0.167 6.640 1 0.010 1.538

SD: standard deviation; df: degrees of freedom; Exp(B): odds ratio; significant p-values < 0.05. The statistical
significance and Exp(B) values provide insights into the magnitude and direction of the associations, supporting
the relevance of these factors in understanding early BF abandonment.

Mobilization during labour demonstrated significance, with a coefficient of —0.392
(p = 0.019). The corresponding Exp(B) value of 0.676 indicates a 32.4% reduction in the risk
of early BF abandonment for women who were allowed mobilization during labour.

The type of onset of labour exhibited significance with a coefficient of 0.431 (p = 0.010).
The Exp(B) value of 1.538 suggests a 53.8% increase in the risk of early BF abandonment for
induced labour compared with the reference group.

These findings underline the importance of HL, mobilization during labour, and the
type of onset of labour as significant predictors of BF duration.

4. Discussion

Our study results suggest the influence of certain variables on breastfeeding practices,
highlighting the importance of obstetric and socio-educational considerations in promoting
BE, with less abandonment found when women had adequate HL, labour was not induced,
membranes were ruptured spontaneously, and the ability to drink and mobilize was present
during labour.

As in previous studies in our country [6-8], the rates of BF in the sixth month did
not reach those recommended by international organizations, such as the WHO [24], with
rates in our sample being lower than those reported by other studies conducted in our
country [9]. However, compared with rates in the rest of Europe, Spain obtained similar
figures for BF at six months [25]. It is essential to bear in mind that our analysis of the BF
rate included both exclusive and mixed breastfeeding. Therefore, the results obtained were
lower than the proposed target rates.

In our study, we observed that various factors had a negative impact on the continua-
tion of BF. HL is one of the most significant factors in determining whether BF is continued
or abandoned early. This association has been observed by different authors using various
screening tools, leading to heterogeneous results [13,16,26]. In our case, we used a validated
tool adapted to Spanish with an alpha coefficient of 0.982 [22].

Various variables influencing maternal HL have been described, such as educational
level and economic status [27]. No socioeconomic variable was associated with HL level in
our study, aligning with different authors [28,29]. In clinical practice, it would be interesting
to assess the HL level of each expectant mother to provide tailored information. The stan-
dard information we offer to women should be adapted to their level, potentially clarifying
vital information to prevent early breastfeeding abandonment [30]. Therefore, including
an HL assessment as a healthcare policy could reduce the attrition rate if confirmed by
other authors in diverse samples with heterogeneous characteristics [31]. Alternatively,
each woman'’s level of breastfeeding literacy could be assessed on an individualized and
personalized basis through specific instruments [32]. Future studies should assess this
aspect in more depth.

Another facilitating factor for early BF abandonment that was found in our study was
immobilization during labour. At first glance, this relationship was not explored in previous
studies. We know that mobilization is positively associated with spontaneous vaginal births,
as it can help to facilitate the birthing process; relatedly, immobility is linked to an increase
in childbirth interventions, and it is related to worse pain management [33,34]. Therefore,
birth interventions and difficulty in pain management may increase the perception of
lack of self-control, which may increase stress and decrease self-efficacy and satisfaction
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after childbirth [35], which could negatively affect the mother’s ability or willingness to
continue breastfeeding [36]. Regarding other intrapartum variables, we are also aware of
aspects that can be directly related to breastfeeding. In particular, it is known that maternal
water restriction during labour can be a problem. As stated in the context of the current
popularization, no one would think of running a long-distance race without drinking water,
but we still apply it to women during labour. It is necessary to add that we are aware and
concerned that there are still, in Spain, some intrapartum manoeuvres, such as the Kristeller
manoeuvre, that are not being correctly registered [37]. Therefore, other variables may not
have been recorded and could have been related to the results obtained. This relationship
should be explored in future studies to test this hypothesis.

Finally, labour induction is positively associated with early weaning of BF. Similar to
mobilization, induced labour is linked to a higher number of dystocic births and specifically
increases the rate of Caesarean sections compared with spontaneous labour [38]. Labour
induction often involves the administration of medications and medical procedures to
initiate or expedite the birthing process [39]. This may lead to a potentially more intense
childbirth experience compared with spontaneous labour. The additional stress and more
intense experience could influence the mother’s willingness and ability to initiate and
maintain breastfeeding. Previous studies suggested that labour induction can negatively
affect the emotional well-being of women in the postpartum period [40,41], which is a factor
related to the BF duration in the literature [42,43]. Caesarean sections, especially those
performed emergently, may be associated with initial difficulties in breastfeeding initiation
due to the need for surgical recovery and other potential factors [44]. Thus, the relationship
between labour induction and early BF abandonment may result from a combination of
factors related to the birthing experience, potential complications, and the influence on
natural hormonal processes that support BE.

This study had several limitations. First, the sample selection was not based on
probabilistic sampling and was relatively small, and thus, the results may not represent
the general population due to the sample size and selection method. However, sample
representativeness was achieved as it exceeded the estimated sample size, and despite the
non-probabilistic selection, this fact added robustness to the results. While it is true that our
research reflected local practices in Spain, we recognize the importance of emphasizing the
novelty and unique contributions our study brings to the existing literature in the field. Our
study stands out for its comprehensive exploration of the intricate relationship between
HL, obstetric practices, and the duration of BF. The prospective and multicentric nature
allowed for a broader perspective, capturing diverse experiences and practices within
Spanish regions.

Second, the data collection method through electronic surveys implied a limitation
inherent to the validity of self-reported responses, as these may be subject to subjective
interpretation and participant memory bias. Additionally, the possibility of response bias
should be considered, where participants may selectively respond or provide socially
desirable answers.

Finally, while our study provides insights into breastfeeding practices, it is essential to
acknowledge the potential impact of the COVID-19 pandemic. The pandemic has disrupted
healthcare systems and society, therefore affecting maternal well-being. These factors may
indirectly influence breastfeeding behaviours [45]. However, due to the nature of our data
collection, we could not assess the pandemic’s effect on breastfeeding initiation, duration,
or exclusivity. Future research should consider prospective designs and explore how
pandemic-related stress, isolation, and healthcare access may shape maternal decisions
regarding breastfeeding.

5. Conclusions

Our findings underscore the importance of considering obstetric and maternal health
literacy factors when addressing breastfeeding duration. The research highlights the crucial
role of health literacy; spontaneous rupture of membranes; and supportive labour practices,
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such as mobilization during dilation, in promoting and sustaining breastfeeding. Given the
rates were below the WHO recommendations, the need for personalized health literacy
assessments and targeted strategies to bridge the gap between current practices and global
health guidelines is evident. These findings emphasize the complexity of factors influencing
breastfeeding and advocate for specific interventions to enhance maternal and child health
outcomes.

Based on the findings from our study, health stakeholders and policymakers should
comprehensively grasp the intricate nature of maternity care. Routine care taken during
childbirth can have repercussions beyond the immediate birth; health strategies should be
implemented to achieve overall maternal well-being. Healthcare decisions should focus on
immediate health outcomes and consider the broader impact on maternity care.
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Abstract: There are numerous recognized benefits of breastfeeding; however, sociocultural, indi-
vidual, and environmental factors influence its initiation and continuation, sometimes leading to
breastfeeding rates that are lower than recommended by international guidelines. The aim of this
study was to evaluate the effectiveness of a group intervention led by midwives supporting breast-
feeding during the postpartum period in promoting exclusive breastfeeding, as well as to assess the
impact of this intervention on perceived self-efficacy. This was a non-blind, multicentric, cluster-
randomized controlled trial. Recruitment started October 2021, concluding May 2023. A total of
382 women from Andalusia (Spain) participated in the study. The results showed that at 4 months
postpartum there was a higher prevalence of breastfeeding in the intervention group compared to
formula feeding (p = 0.01), as well as a higher prevalence of exclusive breastfeeding (p = 0.03), and
also at 6 months (p = 0.01). Perceived self-efficacy was similar in both groups for the first two months
after delivery, which then remained stable until 4 months and decreased slightly at 6 months in both
groups (p = 0.99). The intervention improved the average scores of perceived self-efficacy and indi-
rectly caused higher rates of exclusive breastfeeding (p = 0.005). In conclusion, the midwife-led group
intervention supporting breastfeeding proved to be effective at maintaining exclusive breastfeeding
at 6 months postpartum and also at increasing perceived self-efficacy.

Keywords: breastfeeding; lactation; exclusive breastfeeding; self-efficacy; breastfeeding support
groups; community health services; lactation support; midwifery; public health; randomized
controlled trial

1. Introduction

The World Health Organization (WHO) advocates for breastfeeding as an unparalleled
method of feeding that can provide all the nutrients a newborn needs for growth and
immunological development in the first months of life. Breastfeeding provides half or more
of a child’s nutritional requirements during the second semester of life and up to a third
during the second year [1]. Therefore, the current recommendation by the WHO, along
with the United Nations Children’s Fund, is that breast milk should be the exclusive food
for newborns until the age of 6 months and that, until the age of 2 years, they should be fed
a combination of breast milk and age-appropriate, nutritious foods [2].
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There is increasing scientific evidence of the multiple benefits that breastfeeding
brings the newborn, at physical, cognitive, and psychosocial levels [1-4], as well as the
mother, by preventing pathologies related to physical and mental health [5-8]. In fact,
there are numerous comprehensive reviews that summarize the benefits of breastfeeding
and the mechanisms by which these are achieved by describing a series of increasingly
well-understood complex pathways through which breast milk has evolved to optimize
child survival. Even in recent epidemics, such as that caused by severe acute respiratory
syndrome coronavirus, breastfeeding has been demonstrated to be superior to other types
of infant feeding [9,10]. However, the global prevalence of breastfeeding indicates that,
although the initiation of breastfeeding occurs in almost all countries, there is a progressive
decrease in the number of mothers who continue breastfeeding over the first few months
of a newborn’s life [11-13].

In today’s society, both social and cultural determinants, as well as support from health
services, family and community support, social policies and work-life balance, and individual
factors related to maternal and child health, influence the initiation and continuation of
breastfeeding [14]. Specifically, the promotion and support of breastfeeding immediately
after birth, skin-to-skin contact, avoidance of separating the newborn from the mother, and
community support are prognostic factors for the success of breastfeeding [15,16].

Recent studies also indicate that group support interventions have a greater impact
on breastfeeding rates than individual counselling. Prenatal advice has a positive effect,
achieving better breastfeeding rates at 4-6 weeks postpartum, while the combination of
prenatal and postnatal advice favours the prolongation of breastfeeding up to 6 months.
Therefore, both prenatal and postnatal counselling and support are recommended to
achieve better breastfeeding rates [17]. Furthermore, other studies [18-20] have shown
that peer support has a greater effect on the initiation, maintenance, and duration of
breastfeeding when led by professionals, reinforcing the idea of midwife-led group support
interventions for breastfeeding mothers.

Various individual maternal factors, such as attitudes and expectations regarding
breastfeeding and a lack of confidence in breastfeeding, can be modified through educa-
tional interventions during pregnancy and postpartum support. Maternal lack of confi-
dence in breastfeeding is a point highlighted by mothers themselves when they discuss
their experience and is an important predictor of premature cessation of breastfeeding [21].
Studies have shown that maternal self-efficacy in breastfeeding is a modifiable factor that
can improve breastfeeding rates [22,23].

Numerous studies of environmental factors and, more specifically, work-life balance
at the national and international levels [15,24-26] indicate that existing policies are insuf-
ficient, with the return to work being one of the main reasons for the early cessation of
breastfeeding (before 6 months). Specifically, in Spain, maternity leave and leave for child-
care generally last 16 weeks, which is less than the WHO’s recommendation for exclusive
breastfeeding [27].

The principal aim of this study was to evaluate the effectiveness of a midwife-led
group intervention supporting breastfeeding during the postpartum period in promoting
exclusive breastfeeding up to when newborns reached 6 months of age. The secondary
objective was to assess the effect of this intervention on breastfeeding self-efficacy and its
relationships with the duration and exclusivity of breastfeeding.

2. Materials and Methods
2.1. Study Setting

This was a multicentric cluster-randomized controlled trial with a control group and an
intervention group and was not blinded. It was completed as described in our published

protocol [28]. In addition, the trial was registered in the International Standard Registered
Clinical /Social Study Number registry (Trial ID: ISRCTN17263529; date recorded: 17 June 2020).
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2.2. Participants and Study Area

Eligible female participants were recruited in primary health centres in Andalusia,
Spain. Andalusia is an autonomous community divided into eight provinces with a total of
8,472,407 inhabitants (data available in 2021) [29] and a birth rate of 7.72 per 1000 inhabitants
(2021) [30]. By 1 July 2022, the number of women of reproductive age in Andalusia was
4,328,407 [31]. The study was conducted on the populations from the provinces of Seville,
Cadiz, Huelva, Granada, and Jaen.

According to data provided by the National Statistical Institute of Spain, in 2021, there
were a total of 65,650 births in Andalusia. Births in the provinces of Seville (15,655), Granada
(7083), Huelva (4227), Jaen (4499), and Cadiz (8904) totalled 40,368, which represented
61.79% of the total births in the community [32].

2.3. Sample Design

The rate of exclusive breastfeeding at 6 months in Andalusia is 39% [33], which was
estimated as the expected value in the control group. An estimated increase of 10%, as
indicated by previous studies [14,34], in the rates of exclusive breastfeeding at 6 months
was established. To achieve this difference between the two groups, a two-tailed hypothesis
was posed, with a power of 80% and allowing for a type I error of 5%. The necessary
sample size amounted to 371 women distributed between the two study groups.

2.4. Inclusion and Exclusion Criteria
Inclusion criteria:

1.  Healthy women performing exclusive or partial breastfeeding 10 days after birth who
attended antenatal lessons at the primary health centre.

2. Women over 18 years of age.
Women who accepted and signed the informed consent form.

o

Exclusion criteria:

Human immunodeficiency virus-positive.

Cancer.

Tuberculosis infection.

No intention to breastfeed.

Impossibility or contraindication to breastfeed due to medical conditions.
Premature and/or complicated labour or newborn in a neonatal intensive care unit
during the first month of life.

7. Communication difficulties due to language barriers.

G

2.5. Randomization

Primary health centres were randomized into an intervention group or control group
(usual care), considering whether any type of group breastfeeding support intervention
was already being conducted there. The research technician assigned to the project, inde-
pendent of the researchers who oversaw participant recruitment, performed this health
centre allocation using a random sequence generated by the Oxford Minimization and
Randomization system [35]. The technician assigned random unique identifiers to the
health centres, differentiating between centres belonging to the control and intervention
groups. Finally, out of a total of 23 primary health centres, 11 were included, 6 in the IG
(2 centres in Seville, 1 centre in Huelva, 1 centre in Granada, 1 centre in Jaén, and 1 centre
in Cadiz) and 5 in the CG (one centre per province). Each centre had a designated lead
midwife responsible for recruiting participants and conducting the intervention, in the case
of the intervention group.

After the randomization of centres for the recruitment of women into the intervention
and control groups, each participant was assigned an identification code depending on the
group to which she belonged.
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2.6. Study Intervention

Women in the control group received the usual care regarding maternal education
from the 28th week of pregnancy onward and postpartum visits, according to the Protocol
for Care during Pregnancy, Childbirth, and Puerperium by the Andalusian Health and
Social Welfare Council [36]. In the first 10 days after childbirth, they had an individual
visit with the midwife, during which a breastfeeding session was observed using the WHO
breastfeeding observation sheet [37], and concerns were resolved individually. Women
also had the option of requesting on-demand individual postpartum consultations with
the reference midwife of their health centre. All of this is included in standard care.

In addition, women in the intervention group received the usual prenatal and post-
partum care, just like the control group. Subsequently, they participated in monthly 2 h
face-to-face and/or virtual group sessions called breastfeeding support groups, for which
the midwife acted as leader and moderator. These sessions had an educational compo-
nent, through theoretical-practical presentations related to breastfeeding, based on the
recommendations of the Baby-Friendly Hospital Initiative [38]. They also had a motiva-
tional component and a component based on the social or peer support established in
the group. Thus, monthly, women were offered support by an organized and proactive
professional. In addition to monthly meetings, participants had the option to interact
with each other, with other breastfeeding women, and with the reference midwife via
a Facebook™ and/or WhatsApp™ group established for this purpose. Thus, peer sup-
port was reinforced, and questions about the topic were resolved using information and
communication technologies [39]. Likewise, participating women had the option of request-
ing on-demand individual consultations with the reference midwife, the same as women
receiving usual care.

2.7. Instrument with Validity and Reliability

The study collected the following data: the participant’s sociodemographic informa-
tion (age, level of education, marital status, employment, ethnicity); obstetric outcomes
(home labour and delivery, mode of delivery, gestation weeks); and neonatal outcomes
(sex, weight, Apgar, neonatology admission, health problems). Incorrect or incomplete
data were corrected via direct consultation with participants or were collected from their
health medical records with their consent.

In relation to breastfeeding, outcomes were collected for previous experience in breast-
feeding (multiparous women were asked about their experience with breastfeeding while
raising previous children, as well as the reason for giving it up); the type of breastfeeding
during the follow-up; and, in cases of interruption, the reason.

The types of breastfeeding were classified according to [15]:

e Exclusive breastfeeding: the newborn is fed only with breast milk, without using any
other milk or food, from its birth up until the first 6 months of its corrected age.

e  Partial breastfeeding: occasional administration of formula milk.

e  Mixed breastfeeding: combination of breast and formula milk.

e  Artificial breastfeeding: exclusively formula milk.

Breastfeeding self-efficacy was measured using a reduced version of the Breast-
feeding Self-efficacy Scale-Short Form (BSES-SF), which was validated in Spanish by
Oliver-Roig et al. [40]. This scale is a structured questionnaire that measures maternal
confidence through 14 items grouped in only one dimension. The items are positively
presented and preceded by the phrase ‘I can always...". Scoring is by a Likert-type scale
from 1-5, where 1 indicates not sure at all’ and 5 indicates ‘very sure’. Higher scores
indicate higher self-efficacy levels for breastfeeding. The reliability of the Spanish version
of the BSES-SF, as measured with the Cronbach alpha coefficient, was 0.92.

2.8. Data Collection

Participant recruitment began in October 2021 and ended in May 2023. It was con-
ducted by the midwives responsible for each health centre, who received prior training on
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the project and were also advised by a research technician midwife of the project who was
not involved in the execution of the intervention.

The referring midwife of each health centre, in a consultation of week 35-37 to all
women who met the established inclusion criteria, was informed of the nature and ob-
jectives of the study, as well as of the follow-ups to be carried out. In addition, at the
postpartum visit, it was verified that the woman met the criteria for partial or exclusive
breastfeeding at 10 days. Once the women agreed to participate, they signed the informed
consent form in duplicate. Participants provided information through the web application
project created for the study, which automatically sent them a reminder message and an
email at the three assessment moments designed in the study.

The main control and outcome variables were collected before the start of the inter-
vention (baseline) and at the 2—4- and 6-month follow-ups. The data relating to electronic
follow-ups were coded and safeguarded by the research team. All data were stored in an
electronic database accessible only to members of the research team.

2.9. Data Analysis

The analysis was conducted according to the intention-to-treat principle, regardless of
whether participants adhered to the requirement to participate in the breastfeeding support
group. The individual health centres were the randomization unit, and mother-infant
dyads were the unit of analysis. All statistical tests and confidence intervals used a type
I error rate set at alpha = 0.05 and were conducted using the SPSS v. 23 [41] statistical
package (IBM).

First, an exploratory analysis of the different variables studied was performed. For the
descriptive analysis of categorical variables, frequency distribution tables and percentages
were generated. For continuous variables, means and standard deviations were calculated.
Second, differences between the control and intervention groups in all descriptive study
variables were analysed. The relationship between two categorical variables was analysed
by developing contingency tables using Pearson’s chi-square test. For continuous variables,
to examine differences between two groups, the independent samples Student’s t-test was
conducted. To examine differences in continuous variables between three groups, ANOVA
was used.

Third, the effectiveness analysis was conducted by comparing the proportion of women
exclusively breastfeeding at 6 months in both groups using the McNemar test. Contingency
tables were designed to examine the percentage of breastfeeding mothers based on whether
or not they were in the intervention group. These tables were used to analyse the percentages
before and after the intervention and after follow-up. To analyse changes in breastfeeding
self-efficacy, a repeated measures ANOVA, controlling for the intervention group and the
control group at the three evaluation time points of the study, was conducted. Addition-
ally, the association between postpartum breastfeeding type and breastfeeding type after
follow-up was examined using a chi-square test. Finally, the relationship between type of
breastfeeding and employment status was examined using a chi-square test.

To examine the extent to which the use of breastfeeding after the intervention could
be explained by the increase in breastfeeding self-efficacy, a partial mediation model
was designed. In this model, based on regression analysis, the intervention acted as
the independent variable (x), self-efficacy as the mediator (m), and breastfeeding as the
dependent variable (y). The standardized coefficients of the model were analysed, as
was the change in the total effect of the intervention on breastfeeding after including the
mediating mechanism. These analyses were performed according to the method proposed
by Hayes et al. [42] with the PROCESS macro v. 4.1 (2022) in SPSS v. 28.1 for Windows
(IBM Corp. 2018, Armonk, NY, USA).

2.10. Ethical Considerations

Participation in the project was voluntary, as was the participation request. Verbal
and written informed consent information was provided to every participant in the study.
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The study was designed according to the Spanish regulation act No. 14/2007 of 3 July
regarding biomedical research, and complied with the study suitability requirements and
with the procedures regarding the study objectives. All patient-related data collected for
this study were treated according to the Spanish Organic Law on Protection of Personal
Data and Guarantee of Digital Rights (Spanish Organic Law 3/2018).

The study was approved by the Research Ethics Committees of the Virgen Macarena
and Virgen del Rocio hospitals (Seville, Spain) on 24 February 2020 (Code 1936-N-19).

3. Results
3.1. Characteristics of the Sample

A total of 382 women participated in the study: 232 (60.5%) in the intervention group
and 151 (39.5%) in the control group. Table 1 shows the main sociodemographic and
obstetric characteristics of the participants. At the recruitment baseline, the average age of
all participants was 33.41 (standard deviation (SD) = 4.66) years, with the majority being
of Spanish nationality (93.45%), having a university education (64.39%), being employed
(71.46%), and predominantly working less than 20 h per week (25.39%). In terms of obstetric
characteristics, most births were of spontaneous onset (60.47%), had eutocic delivery
(61.78%), and occurred on average at 39.45 (SD = 1.25) weeks of gestation. Approximately
51.04% of the newborns were male, with an average weight of 3262.58 g (SD = 463.76). Most
participants (57.85%) had no previous breastfeeding experience. No statistically significant
differences in any of these characteristics were observed between the groups, indicating a
homogeneous sample (Table 1).

Table 1. Comparison of principal sociodemographic and obstetric characteristics of the groups.

2 -
Characteristic Total Group X t p-Value
(n = 382) Intervention Control
Baseline (n=231) (n =151)
Maternal age, years; mean + SD 33.41 + 4.66 33.50 + 4.41 33.28 +5.03 —0.45 0.64
Nationality, 11 (%) 0.14 0.70
Spanish 357 (93.45) 215 (93.07) 142 (94.03)
Other 25 (6.54) 16 (6.92) 9 (5.96)
Education level, 1 (%) 0.81 0.84
Without 1(0.26) 1(0.4) 0(0)
Primary studies 11 (3.66) 9 (3.9) 5(3.3)
Secondary studies 121 (31.67) 74 (32) 47 (31.1)
University studies 246 (64.39) 147 (63.6) 99 (65.6)
Employment, 1 (%) 2.08 0.35
Employed 273 (71.46) 165 (71.4) 108 (71.5)
Unemployed 109 (28.53) 66 (28.6) 43 (28.5)
Work hours (per week), 1 (%) 34.46 0.44
<20 97 (25.39) 57 (34.5) 40 (37.0)
20-30 75 (19.63) 44 (40.7) 31(28.7)
>20 57 (14.92) 33 (20) 24 (22.2)
Gestation, weeks; mean =+ SD 39.45 + 1.25 3945+ 1.14 39.46 +1.38 0.13 0.89
Home labour and delivery (%) 0.13 0.71
Induced 151 (39.52) 61 (40.4) 90 (59.6)
Spontaneous 231 (60.47) 89 (38.5) 142 (61.5)
Mode of delivery, 1 (%) 2.88 0.41
Eutocic 236 (61.78) 140 (60.6) 96 (63.6)
Dystocic 77 (20.15) 51 (22.1) 26 (17.2)
SCS 17 (4.45) 12 (5.2) 5(3.3)
ucs 52 (13.61) 28 (12.1) 24 (15.9)
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Table 1. Cont.

2 -
Characteristic Total Group X t p-Value
(n = 382) Intervention Control
Baseline (n =231) (n =151)
Infant sex, n (%) 0.16 0.68
Male 195 (51.04) 116 (50.2) 79 (52.3)
Female 187 (48.95) 115 (49.8) 72 (47.7)
. ) 3262.58 + 3239.10 + 3298.51 +
Newborn weight, g; mean + SD 163.76 483.92 430.19 1.22 0.22
Previous breastnfif/c;mg experience, 142 0.23
Yes 161 (42.14) 103 (44.6) 58 (38.4)
No 221 (57.85) 128 (55.4) 93 (61.6)

Note: x?, chi-square test; f, independent samples t-test; significant p-values < 0.05; SD, standard deviation; SCS,
scheduled Caesarean section; UCS, urgent Caesarean section.

The dropout rate at the 4-month follow-up was similar in both groups (intervention
group = 12.38% vs. control group = 17.8%; p = 0.81; Figure 1).

3.2. Effectiveness of the Intervention in Influencing the Type of Breastfeeding

From the start of breastfeeding to 6 months postpartum, higher rates of breastfeeding,
specifically exclusive breastfeeding, were maintained over time in the intervention group
than in the control group, and breastfeeding rates were considerably higher from 2 months
postpartum onward.

At 2 months postpartum, 89.3% of women in the control group continued with
breastfeeding of various types, compared to 93.5% of women in the intervention group
(x% (3) = 2.60, p = 0.44, Cramer’s V = 0.10). However, at 4 months postpartum, when
attendance at support groups had accumulated in the intervention group, a statistically
significant difference in the prevalence of breastfeeding was observed between groups
(intervention group = 88.9% vs. control group = 80.7%) compared to formula feeding,
which was significantly higher in the control group (intervention group = 11.1% vs. control
group = 19.3%; x2 (3) = 13.19, p < 0.01, Cramer’s V = 0.24).

On the other hand, at 6 months postpartum, 95.2% of women continued breastfeeding,
compared to 90.7% of participants in the control group. Especially different were the
percentages of mixed breastfeeding at this time point between both groups (intervention
group = 21.4% vs. control group = 31.3%; x> (3) = 7.02, p = 0.07, Cramer’s V = 0.17).

Table 2 shows the comparison of the type of breastfeeding between the intervention
and control groups during the follow-up period up to 6 months postpartum.

3.3. Effectiveness of the Intervention in Promoting Exclusive Breastfeeding

At the start of the study, similar percentages of exclusive breastfeeding were observed
in both groups, with slightly higher rates in women who received only routine care (in-
tervention group = 77.9% vs. control group = 78.1%; x2 (1) = 0.002, p = 0.96, V = 0.002).
However, after continued attendance of breastfeeding support groups by women in the
intervention group, at 4 months postpartum, significant differences begin to be observed.
A total of 69.4% of women in the intervention group were exclusively breastfeeding, com-
pared to 51.4% in the control group (x? (1) = 8.72, p = 0.03, V = 0.15). Similarly, at 6 months
postpartum, 63.4% of women in the intervention group continued exclusive breastfeeding,
compared to 47.9% of women in the control group (x> (1) = 5.98, p = 0.01, V = 0.15).

Supplementary Table S1 shows changes in the type of breastfeeding from the start of
the postpartum period to 2, 4, and 6 months later in both study groups.
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Prenatal breastfeeding education

BIRTH

Breastfeeding (n = 382)
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withdrawal (n =57)
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(n=199)
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Follow up at 2 months postpartum
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Follow up at 4 months postpartum
(n=180)
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Figure 1. Participant selection flowchart.
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Table 2. Comparison of type of breastfeeding between the intervention and control groups.

Time Postpartum

Type of Breastfeeding ToO T1 T2 T3
Group Group Group Group
1G CG 1G CG 1G CG 1G CG
n (%) n (%) n (%) n (%) 1 (%) n (%) n (%) n (%)
Exclusive breastfeeding 180 (77.9) 118 (78.1) 144 (72.4) 85 (64.9) 125 (69.4) 56 (51.4) 98 (63.4) 46 (47.9)
z-value —0.1 0.1 14 —14 31 —31 2.4 —24
Breastfeeding with occasional help 31(13.4) 20(13.2) 18 (9) 14 (10.7) 22(11.7) 12 (11.0) 16 (10.4) 11 (11.5)
z-value 0.0 0.0 —0.5 0.5 0.2 —0.2 —0.3 0.3
Breastfeeding mixed 20(8.7) 13 (8.6) 24 (12.1) 18 (13.7) 14(7.8) 20 (18.3) 32(21.4) 30(31.3)
z-value 0.0 0.0 —04 0.4 -27 2.7 -1.7 17
Artificial breastfeeding - - 13 (6.5) 14 (10.7) 20 (11.1) 21(19.3) 7 (4.5) 9(9.4)
z-value -1.3 13 -19 19 -15 15

Note: TO, postpartum; T1, 2 months postpartum; T2, 4 months postpartum; T3, 6 months postpartum IG,
intervention group; CG, control group.

At two months postpartum, 86.5% of women who initiated exclusive breastfeeding
continued with this type of feeding in the intervention group, compared to 72.8% of
women in the control group (x? (3) = 10.11, p < 0.01, V = 0.20). On the other hand, among
women in the control group who exclusively breastfed at the beginning of the study, 57.5%
continued exclusive breastfeeding at 4 months, while 11.5% continued with occasional
help, 16.1% opted for mixed feeding, and 14.9% abandoned breastfeeding in favour of
formula. However, in the intervention group, 78.5% of women who started with exclusive
breastfeeding continued with this type of feeding until 4 months postpartum, and only
4.9% abandoned breastfeeding (x* (3) = 16.8, p < 0.01, V = 0.26). At six months postpartum,
a significant trend was observed towards a shift from occasional breastfeeding assistance
to exclusive breastfeeding in the intervention group compared to the control (intervention
group = 57.1% vs. control group = 8.3%; x? (3) = 8.81, p = 0.03, V = 0.58).

3.4. Breastfeeding Self-Efficacy

At the start of the study, women in the intervention group had slightly higher average
perceived breastfeeding self-efficacy scores than those in the control group (intervention group
=57.38 4 10.70 vs. control group = 53.70 &+ 12.83). From the start to 2 months postpartum,
a slight increase in self-efficacy was observed (intervention group = 59.75 =+ 9.64 vs. control
group = 56.15 + 11.01), after which scores remained similar until 4 months postpartum
(intervention group = 59.96 4 11.04 vs. control group = 55.87 + 13.03). However, at 6 months
postpartum, a decrease in perceived self-efficacy was observed in both groups, this being more
pronounced in women who received usual care (intervention group = 52.85 + 1.69 vs. control
group = 47.44 & 2.27). There were no statistically significant differences in breastfeeding
self-efficacy between the two study groups (F (3) = 0.19, p = 0.99) (Figure 2).

Table 3 shows the results of the mediation analysis of the relationship between the
intervention and exclusive breastfeeding at 4 months postpartum (where the highest
ratio was observed) through the effects of breastfeeding self-efficacy. Figure 3 shows the
standardized coefficients of the relationships included in the model. The results indicated
that the effect of the intervention on exclusive breastfeeding at 4 months postpartum was
fully mediated by the indirect effect of breastfeeding self-efficacy. The total effect of the
intervention (before including the mediator) was 3 = —0.32 (p = 0.002), and it reduced to
= —0.16 (p = 0.78) after including the mediating variable of breastfeeding self-efficacy.
Thus, the analysis revealed that the intervention improved average perceived self-efficacy
scores, and, indirectly, this increase contributed to higher rates of exclusive breastfeeding,
particularly at 4 months postpartum (F (2, 271) = 89.12, p < 0.001, R? = 0.47).
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Figure 2. Changes in breastfeeding self-efficacy over time.
Table 3. Results of the partial mediation model.
95% Confidence Interval
B t P Lower Upper
Direct effect Intervention — Exclusive breastfeeding T2 —0.16 -1.77 0.78 —0.34 -0.18
Total effect Intervention — Exclusive breastfeeding T2 —0.32 —3.15 0.00 —0.53 —0.12
Effec't on Intervention — Breastfeeding self-efficacy 0.35 2.77 0.005 0.10 0.60
mediator
Effec_t by Breastfeed}ng self-efficacy — Exclusive 052 1255 <0.001 —0.60 044
mediator breastfeeding T2
Note: T2, 4 months postpartum.
Breastfeeding
Self Efficacy
«
0.35%* —0.52%**
/
/
A
Intervention Exclusive
Breastfeeding T2

—0.16(—0.32%%)

Figure 3. Mediational role of perceived breastfeeding self-efficacy on the relationship between
intervention and exclusive breastfeeding at 4 months postpartum. Note: ** significant p-values < 0.01;
*** significant p-values < 0.001.
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3.5. Early Cessation of Breastfeeding

At 2 months postpartum, 13 participants (6.5%, z = —1.6) who attended the support
groups prematurely abandoned breastfeeding, compared to 14 women (10.7%, z = 1.6) in
the control group. The main reasons reported globally for this cessation were a feeling
of low milk production (37.3%), weight loss in the newborn (33.3%), difficulty latching
(22.2%), and difficulty with breastfeeding practices (7.40%) (x? (1) = 2.50, p = 0.11, V = 0.08).

In contrast, at 4 months postpartum, the observed percentages of early breastfeeding
cessation were nearly double in the control group (1 = 21, 19.30%, z = 1.9) compared to
the intervention group (n = 20, 11.1%, z = —1.9). At this time point, the main reasons for
early cessation were returning to work (34.78%), difficulty latching (17.39%), weight loss in
the newborn (15.21%), a feeling of low milk production (13.04%), mastitis (10.81%), and
personal desire (8.69%) (% (1) =8.49,p =0.04, V = 0.17).

At 6 months postpartum, 7 women (4.5%; z = —1.5) in the intervention group chose to
discontinue breastfeeding in favor of formula feeding, compared to 9 women (9.4%; z = 1.5)
in the control group. The reasons for discontinuation were returning to work (43.75%),
introduction of complementary feeding (43.75%), and personal desire (12.5) (x? (1) = 2.30,
p=0.12,V =0.96).

3.6. Employment and Breastfeeding

Participants in the intervention group who continued with their paid maternity leave
at 4 months postpartum had higher percentages of exclusive breastfeeding (78.25%) than
women in the same situation who received only standard care (50%). Additionally, women
in the control group in the same employment situation more often stopped breastfeeding
prematurely and had higher percentages of formula feeding (25%) than in the intervention
group (10.3%) (x? (3) = 11.66, p = 0.09, V = 0.29).

Similarly, among women who returned to work, a higher percentage of them continued
with exclusive breastfeeding at 4 months postpartum in the intervention group (69.2%) than
in the control group (44.4%). In women in the control group, a greater inclination towards
formula feeding (22.2%) and, therefore, early cessation of breastfeeding, was observed
(x? (3) =10.95, p = 0.12, V = 0.37; Table 4).

Table 4. Breastfeeding type by employment at 4 months postpartum.

Employment Type of Breastfeeding X2 (df) p-Value 1%
Exclusive Breastfeeding with Breastfeeding Mixed Artificial Breastfeeding
Breastfeeding (%) Occasional Help (%) (%) (%)
Group Group Group Group
1G CcG G CcG 1G CcG G CcG
1 (%) 1 (%) 1 (%) (%) 1 (%) 1 (%) 1 (%) 1 (%)
Paid l‘:;‘f:‘“ity 58(773)  28(50.9) 4(53) 6(10.9) 5(6.7) 8 (14.5) 8(10.7) 13(236) 990 (3) 0.01 0.28
z-value 3.1 -3.1 12 12 ~15 15 2.0 2.0
Af:(;’t;gr";y 36 (69.2) 11 (52.4) 10 (19.2) 2(95) 3(5.8) 5(23.8) 3(5.8) 3(14.3) 6.7 (3) 0.07 0.31
z-value —0.1 -15 19 0.9 0.4 22 14 12
Unemployed 31 (62) 17 (56.7) 8 (16) 4(13.3) 6(12) 7(23.3) 5 (10) 2(6.7) 19 3) 0.6 0.15
z-value 05 -0.5 03 03 -13 13 0.5 -0.5

Note: X2, chi-square test; df, degrees of freedom; V, Cramer’s V; significant p-values < 0.05; IG, intervention group;
CG, control group.

At 6 months postpartum, only 13.6% of women (1 = 34) were still on paid maternity
leave, compared to 57.2% (n = 143) of women who were employed. A notable difference
was observed in the percentages of exclusive breastfeeding among employed women by
study group (intervention group = 60% vs. control group = 45.1%), as well as for other
types of breastfeeding (x? (3)=5.53,p =0.13, V = 0.2; Table 5).
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Table 5. Breastfeeding type by employment at 6 months postpartum.

Employment Type of Breastfeeding X% (df)  p-Value \4
Exclusive Breastfeeding with Breastfeeding Mixed Artificial Breastfeeding
Breastfeeding (%) Occasional Help (%) (%) (%)
Group Group Group Group
1G CG 1G CG 1G CG 1G CG
n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)
Paid le‘“aav":mi"y 17 (89.5) 10 (66.7) - 3(20) 2(10.5) 2(13.3) - - 4.40 (2) 0.11 0.36
z-value 1.6 -1.6 -2.0 2.0 -03 0.3 - -
Af;io";:r“sfy 56 (60.0) 23 (45.1) 11 (12) 5(9.8) 21 (22.8) 17 (33.3) 1(43) 6 (11.8) 5.55 (3) 0.13 0.2
z-value 1.8 —-1.8 0.4 —0.4 —14 14 -1.7 1.7
Unemployed 24 (60) 13 (44.8) 5 (12.5) 3(10.3) 8 (20) 10 (34.5) 3(7.5) 3(10.3) 23(3) 051 0.18
z-value 12 —1. 0.3 -0.3 14 14 —0.4 0.4

Note: x2, chi-square test; df, degrees of freedom; V, Cramer’s V; significant p-values < 0.05; IG, intervention group;
CG, control group.

4. Discussion

This multicentric cluster-randomized controlled trial aimed to analyse the impacts
of a midwife-led group intervention that supported breastfeeding during the postpartum
period and evaluate its effectiveness in promoting exclusive breastfeeding until newborns
reached 6 months of age. Additionally, this study assessed the effect of this intervention on
breastfeeding self-efficacy and its relationships with the duration and exclusivity of breast-
feeding. This study provided evidence that additional support for routine breastfeeding
care, in the form of a midwife-led group intervention with peer support, was an effective
intervention that improved breastfeeding rates up to 6 months postpartum. Specifically, the
designed intervention demonstrated that women who received additional support showed
a relative increase of about 20% in exclusive breastfeeding rates at 4 months and a relative
increase about 15% at 6 months postpartum. This key finding agrees with other studies
that reported similar results [43,44]: exclusive breastfeeding increased in the intervention
group when community-based interventions were conducted, including counselling or
group support, immediate breastfeeding support during childbirth and postpartum, and
breastfeeding management. The main increase in these rates was observed from 2 months
postpartum onward, with the intervention becoming significantly effective at 4 months
postpartum. This result was also observed in a study by Moudi et al. [45], which compared
a routine care group with two experimental groups, one that received peer support and
one that received support from healthcare providers.

In addition to the face-to-face support of the group, participants received online sup-
port through groups created on social networks that reinforced the main intervention,
favoured peer support, and facilitated quick and safe access to information [46,47]. This
strategy has been demonstrated by other studies [48-50] to be effective in maintaining
exclusive breastfeeding rates when investigated as a single support component. However,
in the present clinical trial, combined face-to-face and online support was provided, fol-
lowing the recommendations of recent meta-analyses [19,51] that have advocated for a
multicomponent intervention involving a health professional as an effective strategy to
improve global breastfeeding and exclusive breastfeeding. This recommended intervention
involves theory taught face-to-face and subsequent online follow-up during the prenatal
and postnatal periods.

With the rise of new technologies and the impact of the 2019 coronavirus disease
pandemic on health services, social network support for breastfeeding, in addition to
being effective, has become increasingly necessary, popular, and important for women [52].
This type of support is an indispensable resource, not only for providing information and
solving breastfeeding-related problems, but also for emotional support [53]. Online support
has also been shown to be effective in promoting attitudes related to breastfeeding [54],
increasing the levels of breastfeeding self-efficacy of participating women [55,56], one of
the main findings of the present study.
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Additionally, this clinical trial confirmed that the effectiveness of support groups
was enhanced by the effect of the intervention on perceived breastfeeding self-efficacy.
The observed average scores were higher in all follow-up periods in the intervention
group than for the women who received only routine support. Other studies [57-59] have
reported similar findings for the intervention group and have also observed higher scores
in mothers who breastfed exclusively than in those who did not. Franco-Antonio et al. [60]
already observed, in their clinical trial on the effect of a brief motivational intervention
conducted immediately postpartum, that higher breastfeeding self-efficacy scores predicted
the durations of both exclusive and non-exclusive breastfeeding. This relationship between
high self-efficacy and prolonged exclusive breastfeeding is partially explained by a study by
Blyth et al. [61], in which the main finding was that mothers with higher self-efficacy were
more likely to adapt and react more positively to breastfeeding difficulties and, therefore,
were more likely to continue breastfeeding. Unlike other factors, breastfeeding self-efficacy
is a potentially modifiable individual determinant that can improve breastfeeding rates,
as reported by previous studies [59,62-65], when combined with interventions by health
professionals [23,66,67]. Moreover, breastfeeding self-efficacy has been recognized as
one of the factors positively associated with the establishment and duration of exclusive
breastfeeding [68,69], even in premature newborns [70,71], and it has also been identified as
a significant predictor of breastfeeding after future pregnancies [72]. These findings provide
additional evidence that support aimed at improving breastfeeding rates also improves self-
efficacy expectations and, therefore, the probability of successful exclusive breastfeeding.

In this study, which was conducted in the same country as the LACTEM [15] study in
2016, similar results were found on the subjective sensation of low milk production, which
was one of the main reasons for the early cessation of breastfeeding. Additionally, other
international studies [73] have shown this factor to be one of the most prevalent among
those driving the cessation of breastfeeding. For example, Colin et al. [74] observed that this
sensation, in addition to promoting the cessation of breastfeeding, generated substantial
anxiety among mothers and that many of them experienced this anxiety for up to 6 months
postpartum, inclusive. Another relevant factor promoting the cessation of breastfeeding is
insufficient weight gain of the newborn, which emerged as an important maternal concern
in a study by Odom et al. [75].

Previous national and international [76-78] studies have found a correlation between
women’s return to work and lower breastfeeding rates and, specifically, exclusive breast-
feeding rates. The present study found similar results that, although not statistically
significant, might have clinical relevance. However, women who attended the support
groups showed higher breastfeeding rates at 6 months, as did participants in other studies
who received additional support or resources, such as a favourable environment [79] or a
support network [80].

There are some limitations of this study. First, there is a limitation in relation to the
number of participants per research group, because the recruitment of women from the
control group was more difficult because there was no hypothetical benefit related to the
study and there was no blinding of the participants. For this reason, they declined to
participate in the study in greater numbers. On the other hand, although a population
may share the same nationality, it is crucial to recognize intra-cultural and health system
differences that may influence the results of a study. Therefore, the importance of replicating
studies in different contexts to validate and generalize the findings is emphasized, thus
ensuring a more complete and accurate understating of the phenomena studied. Second,
the success of the intervention may have been modulated by mothers’ predispositions to
participate in such groups and receive additional support. Additionally, adherence to group
attendance may have been influenced by the degree of leadership shown by the midwife
who guided and moderated the group, although all received prior training involving
attitudes and knowledge. Third, the trial dropout rate by the 6-month follow-up was over
15%, although the sample size was adequate at the time of recruitment, the reasons for
withdrawal were recorded, and the method of data collection was easy and accessible to
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women at any time and from any electronic device, without the need for travel. Fourth,
data related to breastfeeding and self-efficacy were self-reported, which could introduce a
memory or desirability bias. Finally, the 2019 coronavirus disease pandemic affected the
follow-up of participants and ability to conduct the intervention in person, as instructions
from the Ministry of Health changed due to variation in the incidence and prevalence of
the disease.

In future research, a more personalized follow-up is suggested to prevent losses dur-
ing the follow-up and the possibility of offering the control group a health intervention
unrelated to breastfeeding could be considered to increase participation. On the other hand,
it would also be interesting to explore the informal support received by the participants
during the study, as well as whether there are differences between online and face-to-face
groups, in order to offer results adjusted to the intervention modality. It would be advisable
to monitor the long-term impact of the intervention, beyond the recommended period
of exclusive breastfeeding. This way, results regarding the impact of the intervention on
prolonged breastfeeding and the introduction of complementary feeding could be pro-
vided. The subjective results reported by the participants can be accompanied by objective
observations made by midwives or detailed feeding diaries. Furthermore, assessing the
satisfaction of women attending midwife-led support groups through focus groups would
provide valuable insights.

5. Conclusions

Breastfeeding support groups, a group intervention led by midwives and aimed at
supporting breastfeeding during the postpartum period, proved to be effective at main-
taining exclusive breastfeeding up to 6 months postpartum. Additionally, the intervention
improved perceived breastfeeding self-efficacy, which is a modifiable factor, so the effec-
tiveness of this intervention was mediated by higher self-efficacy scores in women who
attended the support groups.

One of the main factors for the early cessation of breastfeeding at 4 and 6 months
postpartum, return to work, can be combated with additional face-to-face and online
support in the form of support groups. However, additional measures are needed to attain
the breastfeeding rates recommended by international organizations.

Once the effectiveness of this midwife-led group intervention is demonstrated, guide-
lines could be developed for professionals describing the implementation practices of this
support resource. These findings should encourage a shift in the current breastfeeding
support system towards an integrated network of support led by midwives to achieve
improved maternal and child health.
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Abstract: Background: Breastfeeding is the optimal nourishment for infants and it is recommended
that children commence breastfeeding within the first hour of birth and be exclusively breastfed
for the initial 6 months of life. Our objective was to determine which factors related to mothers
could influence the degree of exclusive breastfeeding during hospitalization, as well as to assess
breastfeeding mothers’ attitudes towards breastfeeding. Methods: A multicenter cross-sectional study
was undertaken in the healthcare area of Santiago de Compostela, Spain. The necessary variables were
collected using a specially designed ad hoc questionnaire. The researcher responsible for recruitment
conducted the interviews with the participants. The reduced Iowa Infant Feeding Attitude Scale
(ITFAS-s) was employed to gauge maternal attitudes toward feeding their baby. Results: In total,
64 women were studied. The overall score of IIFAS-s (mean =+ standard deviation) was 36.95 + 5.17.
A positive attitude towards breastfeeding was therefore observed in our sample. No use of a
pacifier by the newborn was associated with a positive attitude for breastfeeding. Having previous
children (Ora = 6.40; IC95% 1.26-32.51) and previous experience with breastfeeding (Ora = 6.70;
1C95% 1.31-34.27) increased the likelihood of exclusive breastfeeding during admission. Conclusions:
In our study, exclusive breastfeeding during hospitalization is associated with having previous
children and prior breastfeeding experience.

Keywords: breastfeeding; attitudes; baby-friendly hospital

1. Introduction

The World Health Organization (WHO) recognizes breastfeeding (BF) as the optimal
nourishment for infants and recommends that children commence breastfeeding within the
first hour of birth and be exclusively breastfed for the initial 6 months of life. Subsequently,
they should begin consuming safe and suitable complementary foods while continuing
breastfeeding for up to two years or beyond [1]. BF not only provides nutritional benefits
but also confers psychological and emotional advantages to both the newborn (NB) and the
mother [2-6]. Additionally, it contributes to the economic and social well-being of families
by promoting better infant health outcomes [6-8].

According to the latest National Health Survey in Spain from 2017, breastfeeding
was the most prevalent feeding method for babies during the first 6 weeks (73.9%), but
it decreased to 63.9% by 3 months. By 6 months, 41.6% of babies were being fed with
formula milk, thereby relegating breastfeeding to a secondary position (39%) [9]. This
trend is associated with various sociodemographic, clinical, and psychological factors,
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including maternal insecurity and doubts during the breastfeeding process, as well as the
absence of a supportive environment [10,11]. The sociolaboral and cultural shifts of recent
decades have negatively impacted breastfeeding rates, with maternal return to work being a
primary cause of breastfeeding cessation [10,12-14]. Insufficient maternal knowledge about
breastfeeding is also a contributing factor to early breastfeeding discontinuation [13,14].
This may partly stem from the lack of or inadequate dissemination of information by
health professionals, which in turn can lead to premature breastfeeding cessation [15-17].
Furthermore, nursing staff providing care to women in the early postpartum days may also
have insufficient knowledge about breastfeeding [18].

Currently, healthcare services are beginning to establish breastfeeding support groups
and programs [19,20]. The Initiative for the Humanization of Birth and Breastfeeding Care
(BFHI) launched by the WHO and UNICEF aims to encourage hospitals, health services, and
particularly maternity wards to adopt practices that protect, promote, and support exclusive
breastfeeding from birth [21-23]. One of the standards for continuous improvement in these
hospitals is that at least 75% of mothers should practice exclusive breastfeeding during
hospitalization [24]. Our hospital has been part of the BFHI network since 2015, in Phase
2D since 2020. Hospitals in Phase 2D are required to conduct self-assessments to identify
areas for improvement in factors that may influence exclusive breastfeeding [25]. Based on
the aforementioned points, it could be expected that a BFHI hospital would have a high
proportion of mothers who exclusively breastfeed during hospitalization and continue
breastfeeding after discharge. If this is not the case, it is important to understand the factors
that may influence these decisions. Our objectives were to determine the percentage of
mothers who practiced exclusive BF during hospitalization and which factors related to
mothers could influence the degree of exclusive breastfeeding during hospitalization, as
well as to assess breastfeeding mothers’ attitudes towards breastfeeding.

2. Materials and Methods
2.1. Study Design, Population, and Sample

The study was conducted from June 2023 to February 2024 in Galicia, a region in
northwest Spain with a population of 2.7 million inhabitants, where breastfeeding aban-
donment stands at 58.8% within the first year of infant life [26]. To address the study
objectives, a multicenter cross-sectional study was undertaken in the healthcare area of
Santiago de Compostela, covering a population of 450,000. In 2023, there were 1948 births
in this healthcare area.

The sample size was calculated prior to starting the study. Based on the number of
births in our healthcare area in 2023, the percentage of exclusive breastfeeding at discharge
was estimated at 87.5% [27]. Using a binomial distribution, a sample of at least 62 women
was needed, with a 10% absolute error and a 95% confidence level. Once the sample size
was determined, primary healthcare centers (PHCs) were randomly selected. From a list
of 74 PHCs, 5 were randomly chosen: 2 urban (Concepcién Arenal PHC and Vite PHC)
and 3 rural (Boqueixén PHC, O Pino PHC, and Touro PHC). Women meeting the selection
criteria were invited to participate during routine check-ups through purposive sampling.

2.2. Sample Selection and Procedure

To achieve the study objectives, women aged 18 or older, mothers of infants under
12 months who had chosen breastfeeding or started but switched to formula feeding before
6 months, and who gave birth at the clinical hospital of Santiago de Compostela, were
randomly selected from the participating PHCs. Participation was offered during contact
with the pediatric nurse. Mothers of children older than 12 months or those opting for
formula feeding were excluded.

Data were collected using a specific data collection notebook comprising sections on
the sociodemographic variables of women, variables related to children, and variables
related to breastfeeding, including type of breastfeeding during admission and discharge,
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support and information on breastfeeding during admission and follow-up in the HC, and
family support for breastfeeding.

Additionally, the Reduced Iowa Infant Feeding Attitude Scale (IIFAS-s) was employed to
gauge maternal attitudes toward feeding their baby, validated for the Spanish population [28,29].

IIFAS-s scale consists of 9 items, each rated from 1 (completely disagree) to 5 (com-
pletely agree) on a Likert scale. It has a unidimensional structure with adequate relia-
bility and validity results [27,28]. This scale also serves as a predictive indicator of the
choice of feeding method (breastfeeding, formula, or mixed) and breastfeeding duration.
It assesses maternal attitudes towards infant feeding pre- and postpartum, identifying
women at risk of not initiating breastfeeding. Item scores were grouped into three cat-
egories: disagree/positive towards formula feeding (Scores 1 and 2), neutral (Score 3),
and agree/positive towards breastfeeding (Scores 4 and 5). Based on the average score,
values below 18 classify the sample as “positive attitude towards formula feeding”; val-
ues between 18 and 36 as “neutral attitude”; and values above 36 as “positive attitude
towards breastfeeding”.

The ITFAS-s questionnaire was used because it is a valid and reliable tool for measuring
mothers’ attitudes towards breastfeeding. This allows us to estimate, based on the scores
of this questionnaire, the effect that a positive attitude towards breastfeeding has on
maintaining exclusive breastfeeding during hospitalization. The IIFAS-s was administered
either on paper or online via a QR code, voluntarily and anonymously, through the nurse
or midwife.

2.3. Ethical and Legal Considerations

The study was approved by the Territorial Committee of Ethics in Research of Santiago-
Lugo (registration code: 2023/199), ensuring informed consent from participants.

2.4. Variables and Statistical Analysis

Sociodemographic variables (mother’s age, child’s age, educational level, economic
status, type of delivery, social and family support, return to work) and hospitalization-
related variables (previous breastfeeding experience, skin-to-skin contact, child’s admis-
sion, information received about breastfeeding, type of breastfeeding during admission)
were collected.

Qualitative variables were presented as numbers and percentages, and quantitative
variables as the mean and standard deviation or median and interquartile range.

Bivariate analyses explored the relationship between maternal characteristics or
hospitalization-related variables and those measured through the IIFAS-s. Logistic regres-
sion models calculated crude and adjusted odds ratios (ORs), with confounding variables
included based on significance in the bivariate analysis (p < 0.1). All analyses adhered to a
95% confidence level and significance at p < 0.05.

3. Results
3.1. Sample Description

A total of 64 women were studied, with a participation rate of 100%. All women offered
participation in the study accepted. The mean age of the mothers was 36.6 & 4.1 years,
with 45 (70.3%) being >35 years old. The mean age of the children was 6.3 & 3.6 months.

Nine (14.1%) newborns were admitted to the hospital’s neonatology unit at the time
of birth. Further characteristics of the participating women can be seen in Table 1.

Regarding the assistance received from professionals during their hospitalization, 41
(64.1%) women considered it good, while 23 (35.9%) considered it improvable. Regarding
the information received during hospitalization about breastfeeding, 36 women (56.3%)
considered it good, while 28 (43.7%) considered it improvable.
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Table 1. Characteristics of women (1 = 64).

Variable n %
Age
<35 years 19 20.7
>35 years 45 70.3
Type of population
Urban 45 70.3
Rural 19 29.7
Family income
<18.000 €/afo 12 18.8
>18.000 €/ano 52 81.3
Type of childbirth
Cesarean 15 23.4
Vaginal 49 76.6
Previous children
Yes 27 422
No 37 57.8
Use of pacifier by newborn
Yes 26 40.6
No 38 59.4
Previous experience in breastfeeding
Yes 27 422
No 37 57.8
Skin-to-skin contact in first 30 min
Yes 52 81.3
No 12 18.8
Exclusive breastfeeding during hospital
admission
Yes 47 734
No 17 26.6
Exclusive breastfeeding at hospital discharge
Yes 54 84.4
No 10 15.6

In total, 30 (46.9%) of the women had received information about breastfeeding at their
PHC from the pediatric nurse, 20 (31.3%) considered they did not need it, and 14 (21.9%)
did not receive any information at their PHC. Regarding the level of satisfaction received, 5
(7.8%) women declared not being satisfied at all, 4 (6.3%) declared being somewhat satisfied,
6 (9.4%) fairly satisfied, and 15 (23.4%) very satisfied.

Despite receiving information about breastfeeding in the hospital and PHC, 31 (48.4%)
had contacted breastfeeding support groups/counseling, and 58 (90.6%) declared having
good family support for breastfeeding.

A high percentage of women did not receive assistance from healthcare professionals
regarding breastfeeding during hospitalization. It was also observed that the women who
did receive assistance and information about breastfeeding during hospitalization or in
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their PHC found that the information could be improved. These results may explain why
around half of the sample (48.4%) had contacted breastfeeding support groups/counseling.

3.2. Attitudes towards Breastfeeding

Table 2 shows women'’s attitudes towards breastfeeding through the IIFAS-s. The
overall score (mean =+ standard deviation) of the test was 36.95 + 5.17. Items 5 and 6 had
the lowest and highest scores, respectively. In our sample, we did not observe any women
who fell into the negative attitude towards breastfeeding category. Twenty-one (32.8%)
women exhibited a neutral attitude, and forty-three (67.2%) showed a positive attitude
towards breastfeeding.

Table 2. Women'’s attitudes towards breastfeeding (IIFAS-s).

ftem. Variable (a) M SD Agr(e;l;wnt Neutral (%) Disagreement (%)
1. Formula feeding is more convenient than 463 0.84 9.2 47 31
breastfeeding (b)
2. Breastfeeding strengthens the bond
between mother and child 4.63 084 922 &7 31
3. Formula feeding is the best option if the
mother intends to work outside the home (b) 38 1.04 641 234 125
4. Mothers who do not breastfeed miss out
on one of the best experiences of motherhood 3.53 119 20 44 156
5. Breastfed babies are heglthier than 3.44 107 50 29.7 203
formula-fed babies
6. Breast milk is the ideal food for the baby 478 0.58 95.3 3.1 1.6
7. Breast milk is more eas.ily digested than 431 0.94 75 234 16
formula milk
8. Formula milk is as he.althy for the baby as 37 111 5738 281 141
breast milk (b)
9. Breastfe.eding your baby is more 414 114 76.6 15.6 78
convenient than not doing so
Total 36.95 5.17 72.6 18.6 8.8

(a) Participants (1 = 64) were asked if they agreed with each statement on a 5-point Likert scale ranging from
1 (strongly disagree) to 5 (strongly agree). These scores were then grouped into the following three categories:
disagree/positive towards formula feeding (Scores 1 and 2), neutral (Score 3), and agree/positive towards
breastfeeding (Scores 4 and 5). (b) These items were reversed when calculating the score. M: mean. SD:
standard deviation.

It was observed that the mean score for each item is above three, indicating that the
studied sample has a positive attitude towards breastfeeding, with Items 3, 4, 5, and 8 being
closest to neutrality. Additionally, 72.57% of the women scored the IIFAS-s items with
values of four or five, demonstrating a positive attitude towards breastfeeding, compared
to 8.85% of the women who scored the items with values of one or two, indicating a positive
attitude towards formula feeding (Table 2).

Women whose newborns do not use pacifiers show higher scores on the IIFAS-s,
indicating a more favorable attitude towards breastfeeding (see Table 3). Conversely, no
differences are observed between women’s demographic variables and the mean scores of
the ITFAS-s.
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Table 3. Differences in attitudes towards breastfeeding by demographic factor, as determined by scores on
the IIFAS-s scale. Higher IIFAS-s scores reflect more positive attitudes towards breastfeeding.

Factor (a) Category Mean Score (SD) 14
<35 years 35.32 (6.05)
Mother’s age 0.145
>35 years 37.64 (4.66)

Table 3. Cont.

Factor (a) Category Mean Score (SD) 14

. Rural 36.58 (6.24)

Type of population 0.741
Urban 37.11 (4.72)
<18,000 €/year 37.08 (5.73)

Family incomes 0.924
>18,000 €/year 36.92 (5.10)
I Cesarean 37.13 (4.44)

Type of childbirth 0.879
Vaginal 36.90 (5.42)
Yes 37.30 (4.58)

Previous children 0.537
No 36.48 (5.94)
Yes 35.35 (5.61)

Use of pacifier by the newborn 0.039 *

No 38.05 (4.61)
Yes 36.67 (6.01)

Previous breastfeeding experience 0.708
No 37.16 (4.54)
Yes 36.92 (5.34)

Skin-to-skin contact during the first 30 min 0.924
No 37.08 (4.56)
Yes 37.22 (4.94)

Admission of the newborn to neonatology 0.868
No 36.91 (5.25)
Yes 37.31(5.14)

Exclusive breastfeeding at hospital discharge 0.196
No 35.00 (5.14)

Perception of proper assistance from healthcare professional Yes 36.34 (5.26) 0.209

during admission No 38.04 (4.94) ’
Perception of proper information about breastfeeding from Yes 35.86 (5.21) 0.055
healthcare professional during admission No 38.36 (4.86) ’

Yes 37.84 (5.34)

Contact with breastfeeding support groups 0.186
No 36.12 (4.94)
Yes 36.91 (4.99)

Family support for breastfeeding 0.852
No 37.33(7.29)

(a) n = 64. SD: Standard deviation. * p < 0.05 test t-Student.

3.3. Factors Influencing Exclusive Breastfeeding during Hospitalization

The following table (Table 4) shows factors associated with the woman or certain
hospitalization characteristics that may influence the implementation of exclusive breast-
feeding during hospitalization. It can be observed that having previous children, prior
experience with breastfeeding, and the newborn not being admitted to the neonatology
unit increase the likelihood of exclusive breastfeeding during admission.
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Table 4. Factors influencing exclusive breastfeeding during hospitalization. n = 64.

Exclusive Breastfeeding during Hospital Admission

Factor YES n (%) NO n (%) ORc (IC 95%) ORa (IC 95%)
Mother'’s age > 35 years 36 (76.6) 9 (52.9) 2.91 (0.91-9.35) 1.89 (0.50-7.06)
Urban population 31 (66.0) 14 (82.4) 2.41 (0.60-9.62) 3.21 (0.55-18.82)
Incomes > 18.000 €/ year 39 (83.0) 13 (76.5) 1.50 (0.39-5.81) 2.08 (0.43-10.10)
Vaginal childbirth 36 (76.6) 13 (76.5) 1.01 (0.27-3.73) 1.34 (0.28-6.41)

Table 4. Cont.

Exclusive Breastfeeding during Hospital Admission

Factor YES n (%) NO n (%) ORc (IC 95%) ORa (IC 95%)
>1 previous children 25 (53v2) 2 (11.8) 8.52 (1.75-41.49) 6.40 (1.26-32.51)
Previous breastfeeding experience 25 (53.2) 2 (11.8) 8.52 (1.75-41.49) 6.70 (1.31-34.27)
Skin-to-skin contact during the first 30 min 40 (85.1) 12 (70.6) 2.38 (0.64-8.88) 1.18 (0.22-6.19)
No admission of the newborn to neonatology 43 (91.5) 12 (70.6) 4.48 (1.04-19.33) 3.41 (0.68-17.02)
Use of pacifier by the newborn 20 (42.6) 6 (35.3) 1.36 (0.43-4.29) 1.71 (0.45-6.50)
hegﬁfg;g‘;‘;o"é fsrl‘(’;z Zsj;f;agnacs rf;iosr;‘on 31 (66.0) 10 (58.8) 1.36 (0.43-4.24) 1.67 (0.45-6.20)
Perception of proper information about
breastfeeding from healthcare professional 29 (61.7) 7 (41.2) 2.30 (0.74-7.13) 1.92 (0.54-6.86)
during admission
Contact with breastfeeding support groups 24 (51.1) 7 (41.2) 1.49 (0.48-4.58) 1.59 (0.46-5.57)
Family support for breastfeeding 43 (91.5) 15 (88.2) 1.43 (0.24-8.64) 1.04 (0.14-7.87)

ORc: Crude odds ratio. ORa: Adjusted odds ratio. Adjusted for the following variables: mother’s age, information
regarding breastfeeding during hospitalization, performing skin-to-skin contact in the first 30 min.

When adjusting the odds ratio (OR) associated with these variables for possible
confounding variables, having previous children and prior experience with breastfeeding
remain associated with exclusive breastfeeding during hospitalization. Among the most
important findings, it is worth highlighting that having previous children increases the
probability of exclusive breastfeeding during hospitalization by 6.4 times. Additionally,
prior breastfeeding experience increases this probability by 6.7 times.

4. Discussion

To our knowledge, this is the first study to evaluate factors associated with exclusive
breastfeeding, especially during hospital admission. Our results show that factors such as
having previous children or prior experience with breastfeeding increase the likelihood of
exclusive breastfeeding during subsequent births. Studies have linked multiparity with
a positive association with breastfeeding duration [29]. Additionally, other studies have
confirmed that previous breastfeeding experiences, unsuccessful attempts at breastfeeding,
and the inability to breastfeed the first child have been associated with lower breastfeeding
initiation rates in subsequent children [30-32].

The results of our study show a percentage of women exclusively breastfeeding
during admission of 73.4%, with 75% being the sentinel indicator for the rate of exclusive
breastfeeding at discharge for BFHI accreditation [33]. This study identified that the
number of women breastfeeding exclusively post-discharge increased by seven respondents
(10% more), possibly explained by the role of the primary care pediatric nurse or the
mother’s contact with breastfeeding support groups. In our sample, we observed that
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a high percentage of mothers contacted breastfeeding support groups. Despite giving
birth in a BFHI hospital, 35.9% of the women did not receive assistance or information
about breastfeeding from the healthcare professionals who cared for them during their
stay. Among those who did receive assistance, a high percentage considered it could be
improved. A similar situation occurred at the primary healthcare level. This could be
explained by the need to improve training activities for healthcare professionals. Evidence
demonstrates that interventions to support breastfeeding in primary care have a positive
effect on breastfeeding rates, duration, or exclusive maintenance [34]. A systematic review
by Balogun et al. asserts that the rate of breastfeeding initiation improves among women
who receive breastfeeding education and support led by healthcare professionals compared
to those who receive standard care [35].

Skin-to-skin contact, performed by 81.3% of participants, appears to be beneficial for
breastfeeding in the short and long term, as shown in a systematic review that observed
improvements in both breastfeeding status and duration [32]. Regarding factors influencing
exclusive breastfeeding during hospitalization, we observed that if the child is not admitted
to the neonatal unit, there is an increased probability of establishing exclusive breastfeeding
during admission, as well as having previous experience with exclusive breastfeeding.
This is consistent with studies demonstrating that rooming-in mother/child in neonatal
units increases the probability of successful exclusive breastfeeding [36-38]. Two areas
have been identified where specific interventions could be focused on the healthcare staff
who care for women during their hospital stay. By concentrating training interventions
on promoting skin-to-skin contact within the first 30 min, as well as equipping hospitals
with more humanized and open neonatal units that encourage activities like the kangaroo
mother care technique and skin-to-skin contact, the likelihood that mothers will choose
exclusive breastfeeding during their stay would increase. Additionally, the duration of
breastfeeding is likely to extend once they are discharged from the hospital. There is
evidence that addressing the two identified areas would achieve these goals [39,40].

The total score of the IIFAS-s scale in our study does not differ from the available
evidence, where it can be observed that women present positive attitudes towards exclusive
breastfeeding, especially during pregnancy and hospital admission [41,42]. In this study,
we did not observe any women who fell into the negative attitude towards breastfeeding
category and 67.2% showed a positive attitude towards breastfeeding. This result is much
higher than those found in previous studies [43,44]. It should be taken into account when
interpreting these results that the women who participated did so after their hospital stay,
while they were being followed up by pediatric nurses at their PHCs. This may be influ-
enced by the fact that the women received advice at that time from their pediatric nurse
and breastfeeding support groups. Regarding the results extracted from the ITFAS-s scale,
it can be observed that mothers’ attitudes towards breastfeeding through the IIFAS-s scale
do not show statistically significant differences by demographic factor. Concerning pacifier
use, this was systematically questioned since numerous studies demonstrate that pacifier
use is related to a lower rate of exclusive breastfeeding, although some demonstrate the
opposite [20]. Our data reflect that women whose newborns do not use pacifiers show
higher scores on the ITFAS-s, indicating a more favorable attitude towards breastfeeding.
Additionally, it is noteworthy that only 50% of the surveyed mothers reported that breast-
fed babies are healthier than formula-fed babies, when no literature has been found to
demonstrate otherwise.

As a strength of this study, we would like to highlight the survey as a cost-effective
and efficient tool for obtaining data: its accessibility, ease of use, and availability in both
paper and QR code formats have allowed us to reach the target population in a short period.
Additionally, the IIFAS-s scale is considered a good predictor of attitudes towards initiating
exclusive breastfeeding, although not as a predictor of maintaining exclusive breastfeeding
during hospital admission [28]. By using these two methods in this study, we consider
that we used the appropriate tool to obtain a representative picture of the attitudes and
characteristics of our group.
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Another strength of this study is that it allows us to identify areas for improvement or
gaps to target and focus interventions on, both for mothers and healthcare professionals, as
well as the healthcare system. This is consistent with similar studies [45].

Regarding the study’s limitations, it is worth mentioning the inherent limitations of a
cross-sectional design, although our results serve to generate hypotheses on the topic of the
work. On the other hand, the achieved sample size may not be sufficient to provide high
power to our results. It would be necessary to carry out studies with prospective designs to
corroborate our results.

5. Conclusions

In our study, exclusive breastfeeding during hospitalization is associated with hav-
ing previous children and prior breastfeeding experience. It also appears to be linked
to the likelihood of the newborn not being admitted to neonatal units. This association
is influenced by the mother’s age, breastfeeding information provided during hospital-
ization, and skin-to-skin contact within the first 30 min. Exclusive breastfeeding during
hospitalization could be improved by increasing healthcare staff training and encouraging
their involvement in achieving goals according to the BFHI criteria. Future research with
prospective designs is needed to measure the effect of multifaceted interventions focused
on our findings, in order to estimate the association with exclusive breastfeeding during
hospitalization and its duration after discharge.

Author Contributions: Conceptualization, C.V.-N. and N.N.-M.; methodology, C.V.-N. and N.N.-M.;
validation, ]. M.V.-L.; formal analysis, ].M.V.-L.; investigation, C.V.-N. and A.S.-C.; resources, C.V.-N.,
AS.-C. and N.N.-M.; data curation, ].M.V.-L.; writing—original draft preparation, C.V.-N. and
J.M.V.-L.; writing—review and editing, C.V.-N. and ]. M.V.-L.; visualization, N.N.-M. and A.S.-C,;
supervision, N.N.-M.; project administration, C.V.-N. and N.N.-M. All authors have read and agreed
to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: This study was conducted in accordance with the Declaration
of Helsinki, and approved by the Ethics Committee of Santiago-Lugo, protocol code 2023 /199 and
date of approval 07/28/2023.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.
Data Availability Statement: Data availability is under petition.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.  WHO. Breastfeeding [Internet]. Available online: https:/ /www.who.int/health-topics/breastfeeding#tab=tab_1 (accessed on
3 January 2024).

2. Bachrach, V.R; Schwarz, E.; Bachrach, L.R. Breastfeeding and the risk of hospitalization for respiratory disease in infancy: A
metaanalysis. Arch. Pediatr. Adolesc. Med. 2003, 157, 237-243. [CrossRef]

3. De Kroon, M.L.; Renders, C.M.; Buskermolen, M.P.; Van Wouwe, ].P.; van Buuren, S.; Hirasing, R.A. The Terneuzen Birth Cohort.
Longer exclusive breastfeeding duration is associated with leaner body mass and a healthier diet in young adulthood. BMC
Pediatr. 2011, 11, 33. [CrossRef] [PubMed]

4. Wallby, T,; Lagerberg, D.; Magnusson, M. Relationship Between Breastfeeding and Early Childhood Obesity: Results of a
Prospective Longitudinal Study from Birth to 4 Years. Breastfeed Med. 2017, 22, 48-53. [CrossRef] [PubMed]

5. Harder, T.; Bergmann, R.; Kallischnigg, G.; Plagemann, A. Duration of Breastfeeding and Risk of Overweight: A Meta-Analysis.
Am. |. Epidemiol. 2005, 162, 397-403. [CrossRef] [PubMed]

6. Krol, KM.; Grossmann, T. Psychological effects of breastfeeding on children and mothers. Bundesgesundheitsblatt Gesundheits-
forschung Gesundheitsschutz 2018, 61, 977-985. [CrossRef] [PubMed]

7. Quesada, J.A.; Méndez, I.; Martin-Gil, R. The economic benefits of increasing breastfeeding rates in Spain. Int. Breastfeed ]. 2020,
15, 34. [CrossRef] [PubMed]

8. National Institute of Statistics [Internet]. Health Determinants (Overweight, Fruit and Vegetable Consumption, Type of Breast-

feeding, Physical Activity, Care in the Family Environment). Available online: https://www.ine.es/ss/Satellite?c=INESeccion_C
&p=1254735110672&pagename=ProductosYServicios /PYSLayout&cid=1259926457058&L=1 (accessed on 8 February 2024).

142



Nutrients 2024, 16, 1679

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Maleki-Saghooni, N.; Amel Barez, M.; Karimi, F.Z. Investigation of the relationship between social support and breastfeeding
self-efficacy in primiparous breastfeeding mothers. J. Matern. -Fetal Neonatal Med. 2020, 33, 3097-3102. [CrossRef] [PubMed]
Santacruz-Salas, E.; Segura-Fragoso, A.; Cobo-Cuenca, A.I.; Carmona-Torres, ].M.; Pozuelo-Carrascosa, D.P.; Laredo-Aguilera, J.A.
Factors associated with the abandonment of exclusive breastfeeding before three months. Children 2020, 7, 298. [CrossRef]
Cortés-Rua, L.; Diaz-Gravalos, G.J. Early interruption of breastfeeding. A qualitative study. Enfermeria Clinica 2019, 29, 207-215.
[CrossRef]

Ramiro Gonzélez, M.D.; Ortiz Marron, H.; Arana Cafiedo-Argtielles, C.; Esparza Olcina, M.J.; Cortés Rico, O.; Terol Claramonte, M.
Prevalence of breastfeeding and factors associated with the start and duration of exclusive breastfeeding in the Community of
Madrid among participants in the ELOIN. An. De Pediatria 2018, 89, 32-43. [CrossRef]

Wu, Q.; Tang, N.; Wacharasin, C. Factors influencing exclusive breastfeeding for 6 months postpartum: A systematic review. Int.
J. Nurs. Knowl. 2022, 33, 290-303. [CrossRef]

Hernandez, M.LLN; Riesco, M.L. Exclusive breastfeeding abandonment in adolescent mothers: A cohort study within health
primary services. Rev. Lat.-Am. De Enferm. 2022, 30, €3786. [CrossRef] [PubMed]

Beake, S.; Pellowe, C.; Dykes, F; Schmied, V.; Bick, D. A systematic review of structured compared with non-structured
breastfeeding programmes to support the initiation and duration of exclusive and any breastfeeding in acute and primary health
care settings. Matern. Child Nutr. 2012, 8, 141-161. [CrossRef] [PubMed]

Robert, E.; Michaud-Létourneau, I.; Dramaix-Wilmet, M.; Swennen, B.; Devlieger, R. A comparison of exclusive breastfeeding in
Belgian maternity facilities with and without Baby-friendly Hospital status. Matern. Child Nutr. 2019, 15, €12845. [CrossRef]
Pérez-Escamilla, R.; Martinez, ].L.; Segura-Pérez, S. Impact of the Baby-friendly Hospital Initiative on breastfeeding and child
health outcomes: A systematic review. Matern. Child Nutr. 2016, 12, 402-417. [CrossRef] [PubMed]

Gavine, A.; MacGillivray, S.; Renfrew, M.].; Siebelt, L.; Haggi, H.; McFadden, A. Education and training of healthcare staff in the
knowledge, attitudes and skills needed to work effectively with breastfeeding women: A systematic review. Int. Breastfeed ]. 2017,
12, 6. [CrossRef] [PubMed]

Dykes, F. The education of health practitioners supporting breastfeeding women: Time for critical reflection. Matern. Child Nutr.
2006, 2, 204-216. [CrossRef]

Martin-Ramos, S.; Dominguez-Aurrecoeche, B.; Garcia Vera, C.; Lorente Garcia Maurifio, A.M.; Sanchez Almeida, E.; Solis-
Sanchez, G. Breastfeeding in Spain and the factors related to its establishment and maintenance: LAyDI Study (PAPenRed). Aten.
Primaria 2024, 56, 102772. [CrossRef]

UNICEF/WHO. BFHI Spain [Internet]. Than.es. Available online: https://www.ihan.es/ (accessed on 8 February 2024).
UNICEF/WHO. BFHI Spain. Grupos de Apoyo [Internet]. Ihan.es. Available online: https://www.ihan.es/grupos-apoyo/
(accessed on 2 February 2024).

Garcia Garcia, N.; Fernandez Gutiérrez, P. Conocimientos y actitudes de las madres ante la lactancia materna en un hospital
IHAN. Metas De Enfermeria 2018, 21, 50-58. [CrossRef]

UNICEF/WHO. BFHI Spain [Internet]. Global Criteria. 2021. Available online: https://www.ihan.es/wp-content/uploads/202
3/12/Criterios-Globales_IHAN-Espan83a-2021.pdf (accessed on 22 February 2024).

Work Group BFHI Hospitals [Internet]. Guia Para La Solicitud Del Certificado de Fase 2D-Maternidad. UNICEF/OMS. BFHI
Spain. 2021. Available online: https://www.ihan.es/wp-content/uploads/2023/12/02.-Gui81la_F2D_Hospitales-2021.pdf
(accessed on 22 February 2024).

Candal-Pedreira, C.; Pérez-Rios, M.; Pérez-Franco, D.; Vila-Farinas, A.; Santiago-Pérez, M.1,; Rey-Brandariz, J.; Mourino, N.;
Ruano-Ravina, A. Abandono de la lactancia materna en Galicia: jcuando se produce y por qué? Galicia Clin. 2023, 84, 7-12.
[CrossRef]

Tomads-Almarcha, R.; Oliver-Roig, A.; Richart-Martinez, M. Reliability and Validity of the Reduced Spanish Version of the Iowa
Infant Feeding Attitude Scale. J. Obstet. Gynecol. Neonatal Nurs. 2016, 45, e26—-e40. [CrossRef]

Dugque de Rodriguez, G.; Laredo, S.; Soriano, ].M. Cuestionarios validados en espanol para la investigacion en lactancia materna:
Una revision sistematica. Nutr. Clin. Diet. Hosp. 2022, 42, 43-57. [CrossRef]

Cohen, S.S.; Alexander, D.D.; Krebs, N.E; Young, B.E.; Cabana, M.D.; Erdmann, P.; Hays, N.P; Bezold, C.P; Levin-Sparenberg, E.;
Turini, M.; et al. Factors associated with breastfeeding initiation and continuation: A meta-analysis. |. Pediatr. 2018, 203,
190-196.e21. [CrossRef] [PubMed]

Hobbs, A.].; Mannion, C.A.; McDonald, S.W.; Brockway, M.; Tough, S.C. The impact of caesarean section on breastfeeding
initiation, duration and difficulties in the first four months postpartum. BMC Pregnancy Childbirth 2016, 16, 90. [CrossRef]
Sutherland, T.; Pierce, C.B.; Blomquist, J.L.; Handa, V.L. Breastfeeding practices among first-time mothers and across multiple
pregnancies. Matern. Child Health ]. 2012, 16, 1665-1671. [CrossRef] [PubMed]

Rius, ].M.; Ortuiio, J.; Rivas, C.; Maravall, M.; Calzado, M.A.; Lopez, A.; Aguar, M.; Vento, M. Factors associated with early
weaning in a Spanish region. An. De Pediatr. 2014, 80, 6-15. [CrossRef] [PubMed]

UNICEF/WHO [Internet]. Innocenti Declaration On the Protection, Promotion and Support of Breastfeeding. 1 August, 1990
Florence, Italy. Available online: https://waba.org.my/v3/wp-content/uploads/2019/04/1990-Innocenti-Declaration.pdf
(accessed on 22 February 2024).

143



Nutrients 2024, 16, 1679

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Pallas Alonso, C.R.; Soriano Faura, J.; Colomer Revuelta, J.; Cortés Rico, O.; Olcina, M.].; Galbe Sanchez-Ventura, J.; Iborra, A.G.;
Aguado, ].G.; Moina, M.M.; Diego, AR,;etal Support for breastfeeding in Primary Care. Pediatr. De Aten. Primaria 2019, 21,
191-201. Available online: https://scielo.isciii.es/pdf/pap/v21n82/1139-7632-pap-21-82-191.pdf (accessed on 24 February 2024).
Balogun, O.0.; O’Sullivan, E.J.; McFadden, A.; Ota, E.; Gavine, A.; Garner, C.D.; Renfrew, M.].; MacGillivray, S. Interventions for
promoting the initiation of breastfeeding. Cochrane Database Syst. Rev. 2016, 2016. [CrossRef] [PubMed]

Tolppola, O.; Renko, M.; Sankilampi, U.; Kiviranta, P.; Hintikka, L.; Kuitunen, 1. Pacifier use and breastfeeding in term and
preterm newborns-a systematic review and meta-analysis. Eur. J. Pediatr. 2022, 181, 3421-3428. [CrossRef]

Minones Suarez, L.; Fernandez Morales, M.; Garcia Pérez, L.; Huguet Gorriz, A.; Fernandez Romasanta, A.; Aldaz Calvo, M.;
Ramillete Bandrés, S. Ingreso neonatal en alojamiento conjunto: Efecto sobre la lactancia materna durante los 6 primeros meses
de vida. Rev. De Lact. Matern. 2024, 2, €30790. [CrossRef]

Ragusa, R.; Marranzano, M.; La Rosa, V.L.; Giorgianni, G.; Commodari, E.; Quattrocchi, R.; Cacciola, S.; Guardabasso, V. Factors
Influencing Uptake of Breastfeeding: The Role of Early Promotion in the Maternity Hospital. Int. . Environ. Res. Public Health
2021, 18, 4783. [CrossRef] [PubMed]

Song, J.T.; Kinshella, M.W.; Kawaza, K.; Goldfarb, D.M. Neonatal Intensive Care Unit Interventions to Improve Breastfeeding
Rates at Discharge Among Preterm and Low Birth Weight Infants: A Systematic Review and Meta-Analysis. Breastfeed Med. 2023,
18, 97-106. [CrossRef] [PubMed]

Renfrew, M.].; Dyson, L.; McCormick, F; Misso, K.; Stenhouse, E.; King, S.E.; Williams, A.F. Breastfeeding promotion for infants
in neonatal units: A systematic review. Child Care Health Dev. 2010, 36, 165-178. [CrossRef]

Bednarek, A.; Bodys-Cupak, I.; Serwin, A.; Cipora, E. Mothers” Attitudes Towards Breastfeeding in Terms of Health Safety and
Professional Lactation Education: A National Survey of Women. J. Multidiscip. Healthc. 2023, 16, 3273-3286. [CrossRef]

Cole, J.; Bhatt, A.; Chapple, A.G.; Buzhardt, S.; Sutton, E.F. Attitudes and barriers to breastfeeding among women at high-risk for
not breastfeeding: A prospective observational study. BMC Pregnancy Childbirth 2024, 24, 81. [CrossRef] [PubMed]

Alkhaldi, S.M.; Al-Kuran, O.; AlAdwan, M.M.; Dabbah, T.A.; Dalky, H.F; Badran, E. Determinants of breastfeeding attitudes of
mothers in Jordan: A cross-sectional study. PLoS ONE 2023, 18, e0285436. [CrossRef] [PubMed]

Han, F.L.; Ho, Y.J.; McGrath, .M. The influence of breastfeeding attitudes on breastfeeding behavior of postpartum women and
their spouses. Heliyon 2023, 9, €13987. [CrossRef]

Al-Thubaity, D.D.; Alshahrani, M.A.; Elgzar, W.T.; Ibrahim, H.A. Determinants of High Breastfeeding Self-Efficacy among
Nursing Mothers in Najran, Saudi Arabia. Nutrients 2023, 15, 1919. [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.

144



ze!

nutrients

Article

Effect of Holder Pasteurization, Mode of Delivery, and Infant’s
Gender on Fatty Acid Composition of Donor Breast Milk

Réka Anna Vass 1'?3*, Miaomiao Zhang %, Livia Simon Sarkadi , Marta Uveges °, Judit Tormasi ,

6

Eszter L. Benes ¢, Tibor Ertl 12 and Sandor G. Vari 7

Citation: Vass, R.A.; Zhang, M.;
Simon Sarkadi, L.; Uveges, M.;
Tormasi, J.; Benes, E.L.; Ertl, T.; Vari,
S.G. Effect of Holder Pasteurization,
Mode of Delivery, and Infant’s
Gender on Fatty Acid Composition of
Donor Breast Milk. Nutrients 2024, 16,
1689. https://doi.org/10.3390/
nul6111689

Academic Editor: Claude Billeaud

Received: 5 May 2024
Revised: 27 May 2024
Accepted: 27 May 2024
Published: 29 May 2024

Copyright: © 2024 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
1.0/).

Department of Obstetrics and Gynecology, Medical School University of Pécs, 7624 Pécs, Hungary;
ertl.tibor@pte.hu

National Laboratory on Human Reproduction, University of Pécs, 7624 Pécs, Hungary

Obstetrics and Gynecology, Magyar Imre Hospital, 8400 Ajka, Hungary

Department of Nutrition, Faculty of Food Science and Technology, Hungarian University of Agriculture and
Life Sciences, 1118 Budapest, Hungary; zhang. miaomiao@phd.uni-mate.hu (M.Z.);
simonne.sarkadi.livia@uni-mate.hu (L.S.S.)

Division of Chemical, Noise, Vibration, and Lighting Technology Laboratories, Department of Methodology
and Public Health Laboratories, National Center for Public Health and Pharmacy, 1096 Budapest, Hungary;
uveges.marta@uni-mate.hu

Department of Food Chemistry and Analysis, Faculty of Food Science and Technology, Hungarian University
of Agriculture and Life Sciences, 1118 Budapest, Hungary; tormasi.judit@uni-mate.hu (J.T.);
benes.eszter.luca@uni-mate.hu (E.L.B.)

International Research and Innovation in Medicine Program, Cedars-Sinai Medical Center, Los Angeles,

CA 90048, USA; sandor.vari@cshs.org

Correspondence: rekaanna.vass@gmail.com; Tel.: +36-302532000

Abstract: Breast milk (BM) plays a crucial role in providing essential fatty acids (FA) and energy
for the growing infant. When the mother’s own BM is not available, nutritional recommendations
suggest donor milk (DM) in clinical and home practices. BM was collected from a variety of donor
mothers in different lactation stages. Holder pasteurization (HoP) eliminates potential contaminants
to ensure safety. FA content of BM samples from the Breast Milk Collection Center of Pécs, Hungary,
were analyzed before and after HoP. HoP decreases the level of C6:0, C8:0, C14:1n-5¢, C18:1n-9¢c,
C18:3n-6¢, C18:3n-3c, and C20:4n-6¢ in BM, while C14:0, C16:0, C18:1n-9t, C22:0, C22:1n-9¢, C24:0,
C24:1n-9¢, and C22:6n-3c were found in elevated concentration after HoP. We did not detect time-
dependent concentration changes in FAs in the first year of lactation. BM produced for girl infants
contains higher C20:2n-6¢ levels. In the BM of mothers who delivered via cesarean section, C12:0,
C15:0, C16:0, C17:0, C18:0, C18:1n-9t, C22:1n-9c levels were higher, while C18:2n-6¢, C22:0, C24:0,
and C22:6n-3c concentrations were lower compared to mothers who gave birth spontaneously. FAs
in BM are constant during the first year of lactation. Although HoP modifies the concentration
of different FAs, pasteurized DM provides essential FAs to the developing infant. Current data
providing information about the FA profile of BM gives origination to supplementation guidelines.

Keywords: capric acid; lauric acid; myristic acid; palmitic acid; stearic acid; linoleic acid; oleic acid;
donor milk

1. Introduction

Human milk is a remarkable and complex fluid that has evolved over time to meet the
nutritional and developmental needs of infants [1,2]. Fatty acids are crucial components
of human milk and play a vital role in the growth and well-being of the child [3,4]; on
average, breast milk is composed of about 3-5% fat [5]. However, it is important to note
that individual variations are common. Human milk contains a variety of fatty acids that
are crucial for the growth and development of infants. These fatty acids are essential in
developing the nervous system, brain, and overall health [6,7]. The composition of fatty
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acids in human milk can vary depending on factors such as the mother’s diet [8,9], and
breast milk (BM) is a concentrated source of calories, essential fatty acids, and fat-soluble
vitamins. FAs synthesized de novo in the mammary gland, such as caprylic acid (8:0),
capric acid (10:0), lauric acid (12:0), and myristic acid (14:0), are known as medium-chain
saturated fatty acids (MCFAs) [10]. It was found that the content of MCFAs increased from
colostrum to transitional and mature milk, irrespective of the region or gestational age
of mothers [11,12]. The two main types of FAs found in human milk are saturated and
unsaturated FAs [13].

Saturated fatty acids (SFAs): These fatty acids have no double bonds between carbon
atoms. Examples include lauric acid, myristic acid, and palmitic acid. Palmitic acid is one
of human milk’s most abundant saturated fatty acids [14].

Two subtypes of unsaturated fatty acids (UFAs) are distinguished: monounsaturated
fatty acids (MUFAs) and polyunsaturated fatty acids (PUFAs) [14].

MUFAs are FAs that have one double bond between carbon atoms. Oleic acid is
human milk’s primary monounsaturated fatty acid [15]. MUFAs have been associated with
various health benefits, particularly cardiovascular health. They help improve blood lipid
profiles by reducing levels of low-density lipoprotein (LDL) cholesterol while maintaining
or increasing levels of high-density lipoprotein (HDL) cholesterol [16].

PUFAs have two or more double bonds between carbon atoms. The two main types
of polyunsaturated fatty acids in human milk are omega-3 (e.g., docosahexaenoic acid
and alpha-linolenic acid) and omega-6 (e.g., linoleic acid (LA) and arachidonic acid) [8,11].
Omega-3 fatty acids are alfa-linolenic acid (ALA), arachidonic acid (ARA), eicosatrienoic
acid (ETE), eicosapentaenoic acid (EPA), and docosahexaenoic acid (DHA). DHA is a
major structural component of the brain and is crucial for neurodevelopment and function.
EPA and DHA have been shown to have cardiovascular benefits through triglyceride
level reduction, lowering blood pressure, having anti-inflammatory effects, and impacting
immune responses [17]. DHA is present in high concentrations in the retina, and adequate
intake is associated with a reduced risk of age-related macular degeneration (AMD) and
other disorders [18]. The placenta is crucial in nutrient transport from the mother to the
fetus. Fatty acids, including essential ones like LA and ALA, are transferred across the
placenta to support fetal development. In the case of preterm birth, this transfer is disrupted,
therefore the only postnatal source is the BM of FAs for the developing infant [3,4,19].

Based on the number of carbon atoms in the alkyl chain length, fatty acids can be
classified into short-chain (2—4 carbon atoms), medium-chain (6-10 carbon atoms), and
long-chain fatty acids (12-26 carbon atoms) [20,21]. Medium-chain (saturated) fatty acids
(MCFA) include caproic (6:0), caprylic (8:0), and capric (10:0) acids. Long-chain (saturated)
fatty acids (LCFA) include linoleic acid (C18:2n-6; LA), alfa-linolenic acid (C18:3n-3; ALA),
arachidonic acid (C20:4n-6; ARA), docosahexaenoic acid (C22:6n-3; DHA), eicosapentaenoic
acid (C20:51-3; EPA), behenic (22:0), lignoceric (24:0) acid [3,22].

Human breast milk also contains LCPUFAs, which play a role in the immune system.
Breastfeeding protects against childhood infections [23] and may protect against childhood
allergies and asthma [24], and part of this protection seems likely to be due to optimized
immune development in breastfed infants. They control and participate in pain signal-
ing pathways, inflammation, thrombosis, and vasoconstriction [25,26]. Fatty acids play
a crucial role in intrauterine development, contributing to the formation and growth of
various tissues and organs in the developing fetus. The availability of essential fatty acids
during pregnancy is critical to developing the nervous and immune systems and other
physiological processes [3,4]. Fatty acids are structural components of cell membranes,
influencing membrane fluidity and stability [25]. This is particularly important during
rapid cell division and differentiation in the developing fetus [3,4]. A cohort study suggests
that higher mean daily serum levels of DHA during the early postnatal period are associ-
ated with less severe retinopathy of prematurity (ROP), but only in infants with elevated
arachidonic acid values [27].
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For infants who rely on pasteurized donor milk for various reasons, including pre-
maturity or medical conditions or their own mother’s milk is not available, pasteurized
donor milk ensures safety and nutritional support [28]. Holder pasteurization (HoP) is
knowingly influencing the composition of BM [29-33], although when the mother’s own
milk is not available this is the recommended feeding form [34]. The present work is
focused on providing information about the general FA composition of BM and DM, to
optimize nutritional supplementation of newborns.

2. Materials and Methods
2.1. Donor Milk Samples

After the approval of the Regional and Local Research Ethics Committee of the Uni-
versity of Pécs, Pécs, Hungary (PTE KK 7072-2018). Waivers for participant consent were
obtained. To determine the effect of HoP on breast milk composition, 56 registered donor
mothers were recruited from the Breast Milk Collection Center of the Unified Health In-
stitution at Pécs, Hungary. Freshly pumped BM was collected according to the center’s
protocol. We have chosen donations on 10 random occasions. Samples were taken individ-
ually and immediately stored at —80 °C, then the donated BM samples were pooled, and
Holder pasteurized (30 min at 62.5 °C) at the Unified Health Institution (Pécs, Hungary)
(Figure 1). Three samples were taken from the holder pasteurized donor milk pool and
stored at —80 °C until further analysis, similar to our previous works [30-33]. Then, 3-4 mL
aliquots were taken with a sterile pipette and placed into microtubes (Eppendorf, Hamburg,
Germany). After labeling sample containers, they were immediately placed in a freezer
at—20 °C. Samples were processed at the Department of Food Chemistry and Analysis
(Budapest, Hungary).

Qo
%3 N=59 donors

LN — 0 e
ARORRRNNAE —

pasteurized
N=10 pools samples

Figure 1. Schematic figure of sample collection and analysis.

2.2. Gas Chromatographic Analysis of Samples

Gas chromatographic analysis was performed to detect FAs in BM samples. The study
of BM samples was conducted based on a reference ISO method [35]. The reference method
was slightly modified regarding sample preparation. The frozen BM samples were thawed
to room temperature and vortexed effectively to gain homogeneity, and then 0.5 g of each
BM sample was transferred into conical centrifuge tubes. Following the ISO method 2.5 mL
of tert-butyl methyl ether was added to the samples. During sample transesterification
reactions, the reaction times were noted. First, 2.5 mL of 5% (w/v) methanolic sodium
hydroxide solution was added to the tube and mixed for 10 s using a LABINCO L46 Power
Mixer (Breda, The Netherlands). After a specific time (180 s), the tube was opened, and
1 mL isooctane was added to the mixture; 30 s later, the reaction was stopped when a 5 mL
neutralization mixture was added. The neutralization was performed with a 10% (w/v)
disodium hydrogen citrate and 15% (w/v) sodium chloride aqueous solution. Samples were
centrifuged by Hettich Mikro 22R Centrifuge (Hetting Zentrifugen, Tuttlingen, Germany)
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for 5 min at 1750 rpm (g = 375) to obtain two different phases. The upper layer was
transferred into a gas chromatography vial for GC analysis.

The resulting volatile fatty acid methyl ester compounds (FAMEs) were analyzed
by an Agilent 6890 GC-FID system (GC ChemStation B.04.002 [98] (2001-2009 Agilent
Technologies Inc.) Palo Alto, CA, USA), which was equipped with an autosampler (Agilent
7683), for the separation of FAMEs Phenomenex Zebron ZB-FAME (Phenomenex, Torrance,
CA, USA) (60 m, 0.25 mm, 0.20 pm with cyanopropyl stationary phase) column was applied.
The flow of the mobile phase (hydrogen gas) was set to 1.2 mL min~!. The inlet and detector
temperatures were set to 250 °C and 260 °C, respectively. A 1 uL amount was injected
with sample supernatants while a 50:1 split ratio was used. The gradient temperature
program was as follows: 100 °C of starting oven temperature was held for 3 min, then the
column was heated applying 20 °C min™! rate to 166 °C (held for 5 min), then 1 °C min™"
gradient was used to reach 180 °C, the final temperature (240 °C) was held for 3 min that
was achieved with a temperature gradient of 10 °C min~!. Mass Hunter software (MSD
Chemstation F.01.03.2357 (1989-2015 Agilent Technologies Inc.) Palo Alto, CA, USA) was
used to control GC-FID system. Chromatographic separation was carried out in 40 min per
sample [36].

The investigated compounds were identified by a FAME (fatty acid methyl ester)
standard mixture solution (Supelco 37 Component FAME Mix—Supleco Analytical chro-
matography division of Sigma Aldrich, Burlington, MA, USA) based on retention times.
Results (fatty acid composition of the investigated human milk samples) were expressed as
a percentage of the peak area of total fatty acid content measured in the sample.

2.3. Data Analysis

The Kolmogorov-Smirnov test results were considered to test the data’s normality.
Multivariate data analysis was performed using principal component analysis (PCA). A
support vector machine (SVM) was used to classify the datasets. SPSS Statistics 23 (IBM,
New York, NY, USA) software was used to evaluate. Differences between groups were
tested by Kruskal-Wallis test. Results were considered statistically significant in case p SPSS
Statistics 23 (IBM, New York, NY, USA) software was used to evaluate. The Kruskal-Wallis
test was performed to compare the different groups since the distribution of fatty acids
did not follow the normal distribution in the analyzed samples. Subgroups were analyzed
according to the mode of delivery, the infant’s gender, and different time points during
lactation—1-3 vs. 3-6 vs. 6-12 months. Data were expressed as mean & SD. Principal
component analysis (PCA) was performed for data visualization and pattern recognition.
The Hotelling’s T2 and F-residual values were used for outlier detection. Random seven-
fold cross-validation was used to verify the model. A support vector machine (SVM)
was performed to classify the data based on the fatty acid profile of the pasteurized and
non-pasteurized samples. The classification was run on the scores of the samples after
PCA. Linear, quadratic, and cubic kernel functions were used for the modeling. Random
eleven-fold cross-validation was used to verify the model performance.

3. Results
3.1. Maternal Data

Donor mothers were generally 30.53 £ 5.44 years old at the time of donation. Their
body mass index (BMI) was 24.45 £ 3.38. Infants were born between 38th and 42nd weeks
of gestation, on average 39.06 & 2.71 weeks. Of the recruited mothers, 57.6% gave birth
vaginally, while in 42.4% of the cases, a cesarian section was performed. Boy infants were
born in 40.6%, and girls in 59.4% of deliveries. Primiparous mothers donated 35.5% of
the BM samples, while 64.5% were from multiparous mothers. None of the volunteers
had chronic diseases, and every one of them took a kind of vitamin supplementation
during breastfeeding. BM samples were collected in the Breast Milk Collection Center on
10 different occasions, and the pool sizes were variable from 4 to 9 samples.
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3.2. Fatty Acids in Breast Milk

The main fatty acids of BM produced for term infants are lauric, myristic, palmitic,
stearic, cis-9-octadecenoic, and methyl linoleate acids. The other 24 FAs are presented in
6.36%. The general FA composition of the analyzed raw BM samples is shown in Table 1.
Of the tested fatty acids, the samples did not contain the following: C15:1n-5¢; C21:0; and
C20:3n-3¢ (Table 1).

Table 1. Fatty acid composition of the analyzed breast milk samples (% of total fatty acid profile in

mean £ STD).

Fatty Acids Common Name Value (%) Fatty Acids Common Name Value (%)
C6:0 Caproic acid 0.01 +0.01 C18:2n-6t Linolelaidic acid <0.01
C8:0 Caprylic acid 0.06 + 0.03 C18:2n-6¢ Linoleic acid (LA) 15.13 £ 5.02
C10:0 Capric acid 0.98 + 0.20 C18:3n-6¢ y-Linolenic acid (GLA) 0.10 = 0.06
C11:0 Undecanoic acid <0.01 C18:3n-3¢ «-Linolenic acid (ALA) 0.54 +£0.18
C12:0 Lauric acid 5.46 £1.92 C20:0 Arachidic acid 0.18 £ 0.08
C13:0 Tridecylic acid 0.03 £ 0.02 C20:1n-9¢ Eicosenoic acid 0.40 £0.11
C14:0 Myristic acid 7.02 +1.99 C20:2n-6¢ Eicosadienoic acid 0.30 & 0.09

C14:1n-5¢ Myristoleic acid 0.14 £ 0.06 C20:3n-6¢ Eicosatrienoic acid (ETE) 0.35 + 0.08
C15:0 Pentadecylic acid 0.31 £0.15 C20:4n-6¢ Arachidonic acid (ARA) 0.40 £+ 0.08
C16:0 Palmitic acid 26.01 = 4.38 C22:0 Behenic acid 0.01 £ 0.03

Cl6:1n-7¢ Palmitoleic acid 1.90 £ 0.44 C22:1n-9¢ Erucic acid 0.02 £+ 0.03

C17:1n-7¢ Heptadecenoic acid 0.12 +0.10 C20:5n-3¢ Eicosapentaenoic acid (EPA) <0.01
C17:0 Margaric acid 0.27 + 0.09 C22:2n-6¢ Docosadienoic acid 0.01 £ 0.02
C18:0 Stearic acid 7.73 +1.87 C24:0 Lignoceric acid 0.02 + 0.05

C18:1n-9t Elaidic acid 0.12 £0.27 C24:1n-9¢ Nervonic acid 0.02 £ 0.08

C18:1n-9¢ Oleic acid 32.29 +4.06 C22:6n-3¢ Docosahexaenoic acid (DHA) 0.07 £ 0.16

3.3. Effect of Holder Pasteurization on Breast Milk Samples

Holder pasteurization changed the amount of 14 fatty acids in BM (Table 2). The
concentration of caproic acid (C6:0), caprylic acid (C8:0), capric acid (C10:0), myristoleic
acid (C14:1n-5¢), oleic acid (C18:1n-9c¢), y-linolenic acid (C18:3n-6¢), a-linolenic acid (C18:3n-
3c), and ARA (C20:4n-6¢) decreased after HoP. In the case of myristic acid (C14:0), palmitic
acid (C16:0), elaidic acid (C18:1n-9t), lignoceric acid (C24:0), nervonic acid (C24:1n-9¢), and
DHA (C22:6n-3c) increased concentrations were detected after HoP (Table 2).

Table 2. Effect of Holder pasteurization on breast milk (% of total fatty acid profile in mean + STD).

Fatty Acid Raw S Pasteurized Fatty Acid Raw S Pasteurized
C6:0 0.07 £ 0.03 * 0.01 £0.00 C18:2n-6t <0.01 <0.01
C8:0 0.19 £ 0.04 * 0.06 & 0.02 C18:2n-6¢ 17.10 +2.47 1521 £1.63
C10:0 1.26 +0.14 * 1.00 & 0.07 C18:3n-6¢ 0.15 £ 0.03 * 0.10 £0.03
C11:0 <0.01 <0.01 C18:3n-3¢ 0.65 £0.12 * 0.54 £0.07
C12:0 5.88 £ 0.83 5.55 £ 0.65 C20:0 0.19 £ 0.02 0.18 £ 0.02
C13:0 <0.01 0.03 £0.01 C20:1n-9¢ 0.38 £ 0.05 0.39 £ 0.06
C14:0 6.05 £ 0.89 * 7.03 £ 0.68 C20:2n-6¢ 0.31 £ 0.05 0.30 £ 0.05

C14:1n-5¢ 0.16 £ 0.02 * 0.14 £ 0.02 C20:3n-6¢ 0.39 £ 0.07 0.36 £ 0.05
C15:0 0.25 £ 0.04 0.29 £ 0.06 C20:4n-6¢ 0.51 £ 0.06 * 0.40 £ 0.05
C16:0 2298 +2.06 * 26.10 £1.16 C22:0 <0.01 0.014 +0.015

C16:1n-7c 1.94 £0.18 1.90 £0.18 C22:1n-9¢ <0.01 0.02 £ 0.02
C17:0 0.24 +0.02 0.27 +0.03 C20:5n-3¢ <0.01 <0.01

C17:1n-7¢ 0.08 + 0.09 0.11 4 0.03 C22:2n-6¢ <0.01 <0.01
C18:0 6.98 £0.75 7.71 £0.61 C24:0 0.01 £0.03 * 0.02 £0.03

C18:1n-9t 0.01 +0.03 * 0.11+£0.13 C24:1n-9¢ 0.02 £0.05 * 0.03 £0.05

C18:1n-9¢ 34.16 +3.59 * 32.05 +2.46 C22:6n-3¢ 0.02 £0.07 * 0.07 £0.09

S = significance * p < 0.05.
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3.4. Analysis of Different Co-Variants

The examined FAs showed no changes during the first 12 months of lactation. In BM
produced for girl infants, C20:2n-6¢ presented in significantly higher concentration. When
analyzing FAs based on maternal postpartum BMI, we did not find significant differences,
although the donors were mainly in between the average weight BMI range. In BM samples
of mothers who delivered via C-section, lower lauric acid (C12:0), pentadecylic acid (C15:0),
palmitic acid (C16:0), margaric acid (C17:0), stearic acid (C18:0), elaidic acid (C18:1n-9t),
and eicosenoic acid (C22:1n-9¢) concentrations were determined compared to samples of
mothers who delivered vaginally. Levels of linoleic acid (C18:2n-6c¢), behenic acid (C22:0),
lignoceric acid (C24:0), and docosahexaenoic acid (C22:6n-3c) were significantly lower in
the BM of mothers after spontaneous delivery (Table 3).

Table 3. Fatty acid content of BM in case of mothers who delivered spontaneously or via C-section (%
of total fatty acid profile in mean £ STD).

Fatty Acid Spontaneously S C-Section Fatty Acid Spontaneously S C-Section
C6:0 0.01 £0.01 0.01 £ 0.01 C18:2n-6t <0.01 <0.01
C8:0 0.06 + 0.03 0.06 & 0.03 C18:2n-6¢ 14.59 + 4.84 * 15.25 + 4.74
C10:0 1.01 +0.19 0.95 +0.21 C18:3n-6¢ 0.08 + 0.06 0.11 & 0.06
C11:0 <0.01 <0.01 C18:3n-3¢ 0.53 +0.16 0.54 £0.20
C12:0 5.60 +1.90 * 519 +£1.98 C20:0 0.17 +£0.10 0.20 & 0.06
C13:0 0.03 +0.02 0.03 & 0.02 C20:1n-9¢ 040 £0.11 0.40 £0.11
C14:0 7.19 £+ 1.80 6.83 £2.22 C20:2n-6¢ 0.29 £0.11 0.30 £ 0.08

C14:1n-5¢ 0.14 £ 0.06 0.14 £ 0.06 C20:3n-6¢ 0.34 +0.08 0.36 & 0.08
C15:0 0.31+0.16 * 0.29 +0.14 C20:4n-6¢ 0.38 +0.07 0.42 4 0.08
C16:0 26.57 +4.53 * 26.19 + 4.37 C22:0 0.01 +0.03 * 0.02 £ 0.03

C16:1n-7¢ 1.88 +0.37 1.92 £0.51 C22:1n-9¢ 0.02 +0.03 * 0.02 £ 0.04
C17:0 0.29 £ 0.09 * 0.26 & 0.08 C20:5n-3¢ 0.01 +0.03 <0.01

C17:1n-7¢ 0.10 +£0.10 0.14 £ 0.09 C22:2n-6¢ <0.01 0.01 £ 0.02
C18:0 8.15+1.96 * 7.45 4+ 157 C24:0 0.02 + 0.06 * 0.03 & 0.07

C18:1n-9t 0.14 + 0.31 * 0.11 +0.22 C24:1n-9¢ 0.03 +0.10 0.03 £+ 0.11

C18:1n-9¢ 31.58 +4.33 32.66 £ 4.03 C22:6n-3¢ 0.07 £0.17 * 0.09 +0.18

S = significance * p < 0.05.

3.5. Results of Principal Component Analysis (PCA)
3.5.1. Fatty Acid Profile of BM Samples

Based on the results of PCA, the first three principal components (PC) described the
variance of the dataset at 98% (PC1: 60%; PC2: 28%; PC3: 10%). No outliers were found
based on the values of Hotelling T2 and F-residuals. The position of the samples for the
first two PCs was mainly influenced by C16:0, C17:0, C18:0, C18:1n-9¢, and C18:2n-6c fatty
acids. In addition, the amount of C12:0, C15:0, and C20:3n-6¢ fatty acids present in the
samples also had a significant effect. However, according to the results obtained for the
first two PCs, the samples did not separate according to the groups tested (Figure 2).

3.5.2. Influence of Infant’s Gender

However, when the third PC was considered, there was a separation between the
samples based on the sex of the infant. For the second and third PCs, the differences
between the samples are visible. For PC2, the amount of C18:1n-9c fatty acid, while for PC3,
the amount of C14:0, C12:0, and C10:0 fatty acids had a substantial effect on the position of
the samples and thus on the separation. The location in the negative range for PC2 was
explained by a higher amount of C18:2n-6c¢ fatty acid, while for the samples in the positive
range, it was due to C17:0. BM produced for girl infants contained higher C20:2n-6c¢ level.
The latter effect was much smaller according to the correlation loading (Figure 3).
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Figure 2. PCA scores (a) and correlation loadings (b) obtained for all of the investigated BM samples

based on their fatty acid profile.
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Figure 3. Influence of infant’s gender on the separation (PC2-PC3) of BM samples according to the
fatty acid profile. On scores plot (a) the samples were marked with colors according to the sex of
the infant: girl—red; boy—blue. Fatty acids influence the position of the samples presented on the

correlation loadings plot (b).

3.5.3. Effect of Holder Pasteurization

PCA was also performed on the fatty acid profiles of the pasteurized and untreated
samples, the results of which are summarized in Figure 4. The first two PCs explain 93%
of the variance in the data. The results clearly showed that pasteurization had a relevant
effect on the fatty acid profile of the samples. This suggests that the samples, except for
p10, are well separated along PC1 and PC2. Both principal components have a significant
effect on the position of the samples. The pasteurized samples, except sample p1, were
in the negative region of PC1, which was mainly associated with a higher percentage of
C18:1n-9c fatty acid. The importance of this can be supported by the significant difference
(p < 0.05) found for the Kruskal-Wallis test. The position in the positive region of PC1 was
mainly explained by a higher proportion of C16:0 fatty acid, which was more prevalent
for untreated samples (Figure 4). A classification method was also run to evaluate the
effect of pasteurization. The best results were obtained with cubic support vector machines,
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resulting in the complete separation of samples. The accuracy of the model was 100%
(Figure 4).
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Figure 4. Separation of Holder pasteurized pooled BM samples (indicated with red color) and raw
BM samples (indicated with blue color) based on the fatty acid profiles can be seen on scores plot (a).
Correlation loadings (b) present fatty acids and their effect on the position of the scores.
3.5.4. Mode of Delivery
When the samples are labeled according to the mode of delivery in the PCA plot
(Figure 5), they are separated based on the fatty acid profiles. In the case of PC1, this is most
affected by the amount of each saturated and unsaturated fatty acid. Mothers who deliver
by cesarean section have higher levels of C18:2n-6¢ fatty acids in their breast milk than
mothers who deliver vaginally. In addition, the amounts of C20:4n-6¢ and C20:2n-6¢ fatty
acids were also found to be higher. For PC2, the position of the samples is most dominated
by C20:3n-6¢, C12:0, and C18:1n-9c fatty acids. Samples with higher amounts of these fatty
acids are in the negative region of PC1. In contrast, samples in the positive range of PC1
have a higher percentage of C16:0, C17:0, C18:0, and C15:0 fatty acids (Figure 5).
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Figure 5. Effect of mode of delivery on the PCA (scores (a) and correlation loadings (b) of PC1-PC-2)
results based on the fatty acids measured in breast milk samples. BMs provided by mothers with
cesarean sections are labeled with blue dots, while samples provided by mothers with spontaneous
delivery are colored with red dots.
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4. Discussion

Fatty acids are a major infant energy source, providing a dense and easily digestible
form of calories. They are essential for the development of the nervous system, including
the brain, and contribute to the overall growth and development of the infant [4,5]. For
instance, some mothers may have milk with a higher fat content, while others may have
milk with a lower fat content. The fat content is influenced by several factors, including
the mother’s diet, the feeding duration, and the lactation stage. FA absorption through the
gastrointestinal system is known; some FAs are synthesized by the mammary gland from
carbohydrates [37].

In this study, we provide information about the general FA composition of BM and
DM. The main FAs in BM are lauric, myristic, palmitic, stearic, cis-9-octadecenoic, and
methyl linoleate acids. The other 24 examined FAs are present in only 6.36% [13]. This rate
remains unaltered after HoP treatment.

Fatty acids in human milk also contribute to the immunological protection of the
infant. Some fatty acids, such as lauric acid, have antimicrobial properties that help protect
the infant from infections [38]. Breast milk provides a diverse array of fatty acids that
support the development and function of the immune system [6,39]. DHA, an omega-3
fatty acid, is essential for developing the central nervous system, especially the brain. It
is a major component of neuronal cell membranes and is critical for cognitive function
and visual acuity. Breast milk is a significant source of DHA for infants. DHA is also
crucial for developing the retina and overall visual system. Adequate levels of DHA are
associated with improved visual and cognitive outcomes in infants [40—-43]. Oleic acid is
a monounsaturated omega-9 fatty acid, one of nature’s most common fatty acids. It is
classified as a non-essential fatty acid because the human body can synthesize it, but it
is also obtained through diet [44]. Oleic acid has a variety of biological functions, has an
anti-inflammatory effect, and is a significant component of human milk [45,46].

Fatty acids are structural components of cell membranes. They contribute to membrane
fluidity and stability, influencing cell function and signaling. This is particularly relevant in
rapidly growing tissues during postnatal development [7,19]. LCPUFAs serve as a dense
and easily metabolizable energy source for infants. This is essential for supporting rapid
growth and providing energy demands during the early stages of life. FAs are precursors to
various signaling molecules, including hormones. They play a role in hormonal regulation,
essential for developing endocrine organs and overall hormonal balance [47].

Essential fatty acids, including omega-3 and omega-6 fatty acids, have multifunctional
effects in preventing some diseases, such as cardiovascular, myocardial, and bowel diseases,
and play a role in bone health [48]. They are involved in forming and maintaining bone
tissue and can influence the balance of bone-forming and bone-resorbing cells [49]. Lauric
acid has antimicrobial properties that contribute to the infant’s immune defense [50].

Breastfeeding and the unique composition of human milk have been associated with
numerous long-term health benefits for infants, including a reduced risk of certain in-
fections, allergies, and chronic diseases later in life [51-53]. Maternal diet influences the
composition of BM [43,54] and the fetal outcome of the pregnancy [42]. In our study, the
recruited mothers, based on questionnaires, followed no special diets, and all of them
reportedly took vitamin supplementation.

HoP is chosen as it strikes a balance between ensuring the safety of DM and preserving
as many of its nutritional components as possible. In everyday practice, no precaution is taken
to prevent oxidation during pasteurization, resulting in fluctuation of FA composition of DM.
Lepri et al. reported an 83% increase in FFA content after heat treatment [55]. Another study
detected that after HoP, the proportion of MCFAs was increased [56]. Present result showed
that HoP decreased the level of caproic (C6:0), caprylic (C8:0), cis-9-tetradecenoic (C14:1n-5¢c),
oleic (C18:1n-9c¢), C18:3n-6¢, alfa-linoleic (C18:3n-3¢c), and eicosatetraenoic (C20:4n-6¢) acids
in BM, while myristic (C14:0), palmitic acid (C16:0), C18:1n-9t, behenic (C22:0), C22:1n-9c,
lignoceric (C24:0), C24:1n-9¢, and C22:6n-3c were found in elevated concentration after HoP.
Similarly to our results, in a review that analyzed over 55 publications, the authors concluded
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that the most abundant FAs (palmitic, linoleic, and oleic acid) remained stable over time [57].
The changes detected by our research group maintained that increase-free FAs are known to
be more absorbable in the gastrointestinal system.

BM-derived components play essential roles in early life immune development. Still,
exposure to antigens (e.g., from microbes and foods) and an adequate immune response
are critical in shaping the infant’s gut microbiota and MCFAs, mainly 10:0, 12:0, and 14:0.
These FAs stabilize the bacterial flora in the child’s digestive tract [58].

LCPUFAs in BM [43] have been identified to impact the development of the visual
and cognitive systems of the infant [52]. After birth, preterm infants become dependent
on external sources of LCPUFAs. Although studies indicated the potential positive effects
of LCPUFA supplementation on neurodevelopment and vision, recent large, randomized
trials revealed concerns about the possible increase in risk [59]. A recent meta-analysis
concluded that supplementation with DHA alone increased necrotizing enterocolitis (NEC),
but when ARA and DHA supplementation were combined, it increased NEC incidence [59].
LCPUFA supplementation modulated the inflammatory process in the pathophysiology of
NEC [59]. Also, results indicate that enteral DHA supplementation reduced NEC incidence
among preterm infants due to their immunoregulatory effect [59-61].

Infants who had received LCPUFAs had a lower risk of wheezing/asthma, wheez-
ing/asthma plus atopic dermatitis, any allergy, and upper respiratory tract infection. In-
fants receiving LCPUFAs were less likely to develop bronchitis or bronchiolitis at 5, 7, and
9 months [38,41,62]. Also, there were fewer allergic illnesses and skin allergic illnesses in
the first year compared to infants in the control group, and these outcomes remained lower
at the age of 4 years. LCPUFAs reduced wheeze/asthma in infants of allergic mothers [38].
Infants with higher plasma DHA or higher plasma EPA and docosapentaenoic acid and
DHA at age 6 months were less likely to develop recurrent wheezing by age 12 months [63].
In a later follow-up study, when the children were five, there was no difference between
groups for any clinical outcome related to lung function or allergy [64]. A birth cohort study
in Iceland identified that 2.5-year-old children who had received 1n-3 LCPUFA supplements
in infancy were less likely to have been diagnosed with food sensitization [65,66]. n-3 LCP-
UFAs also decreased the severity of allergies [65]. Early n-3 and n-6 LCPUFA supply may
moderate the impact of hypoxia and oxidative damage, thus affecting the recovery from
injury, later organ development, and neurodevelopmental outcomes [67]. The European
Food Safety Authority recommends supplementation with DHA [68].

Results indicated that the mode of delivery impacts the composition of BM FAs. In our
study, similarly to previous findings [69], the BM of mothers who delivered spontaneously
contained significantly higher 1n-3 PUFA, stearic, and palmitoleic acid levels, which are
knowingly anti-inflammatory components. Similar to other results, in our work, the BM
of mothers undergoing C-sections had elevated DHA BM levels [69]. Our results showed
that inflammatory FA content and 1-6/1-3 ratio were higher in the BM of mothers who
delivered via C-section.

Previous studies reported significant sex-based differences in the FA composition of
BM; fat content produced for boy infants was significantly higher than for girl infants [70].
A higher ratio of ARA/DHA in female infants may reduce the risk of food sensitization
and atopic dermatitis [71]. We found that BM produced for female infants contains higher
eicosadienoic acid levels. Low temperature treatments, like Holder pasteurization, create
oxidative environments, resulting in modest changes in FA concentration [72].

Our results give information about the fatty acid profile of BM, supporting the aims
of supplementation among preterm infants. Although HoP resulted in changes in the
detected proportion of FAs in BM, due to the statistically significant but infinitesimal modi-
fication, pasteurized DM provides an alternative to own mother’s milk during postnatal
adaptation. Pooled DM is a safe way to merge BM from different lactation sessions and
to evenly distribute nutrients. Different treatment technologies are applied to ensure the
microbiological safety of DM, like high-temperature, short-time (HTST), or ultra-violet
processing. Previous works investigating these techniques had no significant effect on the
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FA composition of BM [73,74]. Serum hormone levels in preterm infants, e.g., leptin, predict
early childhood developmental assessment scores [75]. Studies proving the ability of fatty
acids to improve cognitive functions among adults are known. However, the possible
predictive effects of fatty acids are still unknown despite their multifunctional effect on
neurodevelopment [76,77]. Fatty acid supplementation for preterm infants is a common
practice in neonatal care to support their growth and development [78], and it is especially
relevant because these infants are born before they have had the chance to accumulate
sufficient fat stores in utero.

5. Conclusions

The adaptability of human milk to the child’s specific needs is a fascinating aspect
of breastfeeding and highlights the evolutionary importance of this unique source of
nourishment. The FA profile of human milk is a critical aspect of its nutritional and
immunological properties, contributing to the overall health and well-being of the breastfed
infant. Based on our results, the fatty acid composition of BM differs based on the gender
of the infants, the course of delivery, the maternal age, and BMI. While the decrease in
fatty acids is a concern, the reduction in nutritional components, including PUFAs, needs
to be balanced against the primary goal of pasteurization, which is to destroy harmful
microorganisms while minimizing the impact on milk quality. Holder pasteurization
has been widely used because it effectively reduces microbial contamination while, as
our measurements strengthen previous results, minimizing the impact on the overall
composition of breast milk. Data from the present study provides detailed information
about the FA profile of BM; therefore, it may contribute to protocols for FA supplementation
of premature or formula-fed infants. Fatty acid supplementation is one component of the
comprehensive care approach, which provides optimal nutrition with the supplementation
of fatty acids and supports development and growth.

Author Contributions: Conceptualization, R.A.V,, LS.S., T.E. and S.G.V.; methodology, R.A.V.,
M.U,, ELB., M.Z, LSS, J.T., TE. and S.G.V.; formal analysis, R.A.V,, M.U, ELB.,J.T and M.Z,;
investigation, R.A.V., M.U.,J.T. and E.L.B.; data curation, R A.V.,, M.U. and E.L.B,; writing—original
draft preparation, R.A.V.,, M.U. and E.L.B.; writing—review and editing, R.A.V.,, M.U., EL.B.,, M.Z.,
J.T., LSS, TE. and S.G.V.; project administration, R.A.V.; funding acquisition, S.G.V. All authors have
read and agreed to the published version of the manuscript.

Funding: This research was funded by the Association for Regional Cooperation of Health, Science
and Technology (RECOOP HST Association) and Cedars-Sinai Medical Center—RECOOP Research
Centers (CRRCs) by the RECOOP Grant No. 16: 2019-2022.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Regional and Local Research Ethics Committee of the
University of Pécs, Pécs, Hungary (PTE KK 7072-2018, approval date: 15 June 2018).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data is not publicly available due to ethical reasons, on request it
is available from the corresponding author.

Conflicts of Interest: The authors declare no conflicts of interest.

1. Kumari, P; Raval, A.; Rana, P; Mahto, S.K. Regenerative potential of human breast milk: A natural reservoir of nutrients,
bioactive components and stem cells. Stem Cell Rev. Rep. 2023, 19, 1307-1327. [CrossRef]
2. Nuzzi, G,; Trambusti, I.; DI Cicco, M.E.; Peroni, D.G. Breast milk: More than just nutrition! Minerva Pediatr. 2021, 73, 111-114.

[CrossRef] [PubMed]

3. Koletzko, B.; Rodriguez-Palmero, M. Polyunsaturated fatty acids in human milk and their role in early infant development. J.
Mammary Gland. Biol. Neoplasia. 1999, 4, 269-284. [CrossRef] [PubMed]

4. Mitguard, S.; Doucette, O.; Miklavcic, ]. Human milk polyunsaturated fatty acids are related to neurodevelopmental, anthro-
pometric, and allergic outcomes in early life: A systematic review. J. Dev. Orig. Health Dis. 2023, 14, 763-772. [CrossRef]

[PubMed]

155



Nutrients 2024, 16, 1689

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.
20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Ballard, O.; Morrow, A.L. Human milk composition: Nutrients and bioactive factors. Pediatr. Clin. N. Am. 2013, 60, 49-74.
[CrossRef] [PubMed]

Ramiro-Cortijo, D.; Singh, P; Liu, Y.; Medina-Morales, E.; Yakah, W.; Freedman, S.D.; Martin, C.R. Breast milk lipids and fatty
acids in regulating neonatal intestinal development and protecting against intestinal injury. Nutrients 2020, 12, 534. [CrossRef]
[PubMed]

Basak, S.; Mallick, R.; Duttaroy, A.K. Maternal docosahexaenoic acid status during pregnancy and its impact on infant neurode-
velopment. Nutrients 2020, 12, 3615. [CrossRef] [PubMed]

Simon Sarkadi, L.; Zhang, M.; Muréanszky, G.; Vass, R.A.; Matsyura, O.; Benes, E.; Vari, S.G. Fatty acid composition of milk from
mothers with normal weight, obesity, or gestational diabetes. Life 2022, 12, 1093. [CrossRef] [PubMed]

Argov-Argaman, N.; Mandel, D.; Lubetzky, R.; Hausman Kedem, M.; Cohen, B.C.; Berkovitz, Z.; Reifen, R. Human milk fatty
acids composition is affected by maternal age. |. Matern. Fetal Neonatal Med. 2017, 30, 34-37. [CrossRef] [PubMed]

Boersma, E.R.; Offringa, PJ.; Muskiet, F.A.; Chase, W.M.; Simmons, 1.]J. Vitamin E, lipid fractions, and fatty acid composition
of colostrum, transitional milk, and mature milk: An international comparative study. Am. J. Clin. Nutr. 1991, 53, 1197-1204.
[CrossRef] [PubMed]

Bitman, J.; Wood, L.; Hamosh, M.; Hamosh, P.; Mehta, N.R. Comparison of the lipid composition of breast milk from mothers of
term and preterm infants. Am. J. Clin. Nutr. 1983, 38, 300-312. [CrossRef] [PubMed]

Giuffrida, F; Cruz-Hernandez, C.; Bertschy, E.; Fontannaz, P.; Masserey Elmelegy, I.; Tavazzi, I.; Marmet, C.; Sanchez-Bridge, B.;
Thakkar, S.K.; De Castro, C.A.; et al. Temporal changes of human breast milk lipids of chinese mothers. Nutrients 2016, 8, 715.
[CrossRef] [PubMed]

Bokor, S.; Koletzko, B.; Decsi, T. Systematic review of fatty acid composition of human milk from mothers of preterm compared to
full-term infants. Ann. Nutr. Metab. 2007, 51, 550-556. [CrossRef] [PubMed]

Ahmed, T.B.; Eggesbe, M.; Criswell, R.; Uhl, O.; Demmelmair, H.; Koletzko, B. Total fatty acid and polar lipid species composition
of human milk. Nutrients 2021, 14, 158. [CrossRef] [PubMed]

Catassi, G.; Aloi, M.; Giorgio, V.; Gasbarrini, A.; Cammarota, G.; Ianiro, G. The role of diet and nutritional interventions for the
Infant Gut Microbiome. Nutrients 2024, 16, 400. [CrossRef] [PubMed]

Cao, X; Xia, J.; Zhou, Y,; Wang, Y.; Xia, H.; Wang, S.; Liao, W.; Sun, G. The effect of MUFA-rich food on lipid profile: A
meta-analysis of randomized and controlled-feeding trials. Foods 2022, 11, 1982. [CrossRef] [PubMed]

von Schacky, C.; Harris, W.S. Cardiovascular benefits of omega-3 fatty acids. Cardiovasc. Res. 2007, 73, 310-315. [CrossRef]
[PubMed]

Skowronska-Krawczyk, D.; Chao, D.L. Long-chain polyunsaturated fatty acids and age-related macular degeneration. Adv. Exp.
Med. Biol. 2019, 1185, 39-43. [PubMed]

Innis, S.M. Fatty acids and early human development. Early Hum. Dev. 2007, 83, 761-766. [CrossRef] [PubMed]

Shete, H.; Patravale, V. Long chain lipid based tamoxifen NLC. Part I: Preformulation studies, formulation development and
physicochemical characterization. Int. |. Pharm. 2013, 454, 573-583. [CrossRef] [PubMed]

Tvrzicka, E.; Kremmyda, L.S.; Stankova, B.; Zak, A. Fatty acids as biocompounds: Their role in human metabolism, health and
disease—A review. Part 1: Classification, dietary sources and biological functions. Biomed. Pap. Med. Fac. Palacky Univ. Olomouc
2011, 155, 117-130. [CrossRef] [PubMed]

Sinanoglou, V.J.; Cavouras, D.; Boutsikou, T.; Briana, D.D.; Lantzouraki, D.Z.; Paliatsiou, S.; Volaki, P.; Bratakos, S.; Malamitsi-
Puchner, A.; Zoumpoulakis, P. Factors affecting human colostrum fatty acid profile: A case study. PLoS ONE 2017, 12, 0175817.
[CrossRef] [PubMed]

Sankar, M.J.; Sinha, B.; Chowdhury, R.; Bhandari, N.; Taneja, S.; Martines, J.; Bahl, R. Optimal breastfeeding practices and infant
and child mortality: A systematic review and meta-analysis. Acta Paediatr. 2015, 104, 3-13. [CrossRef] [PubMed]

Oddy, W.H. Breastfeeding, childhood asthma, and allergic disease. Ann. Nutr. Metab. 2017, 70 (Suppl. S2), 26-36. [CrossRef]
[PubMed]

Kotlyarov, S.; Kotlyarova, A. Involvement of fatty acids and their metabolites in the development of inflammation in atherosclero-
sis. Int. J. Mol. Sci. 2022, 23, 1308. [CrossRef] [PubMed]

Mallick, R.; Duttaroy, A.K. Modulation of endothelium function by fatty acids. Mol. Cell Biochem. 2022, 477, 15-38. [CrossRef]
Hellstrom, A.; Pivodic, A.; Granse, L.; Lundgren, P.; Sjobom, U.; Nilsson, A K.; Soderling, H.; Hard, A.L.; Smith, L.E.H.; Lofqvist,
C.A. Association of docosahexaenoic acid and arachidonic acid serum levels with retinopathy of prematurity in preterm infants.
JAMA Netw. Open 2021, 4, €2128771. [CrossRef] [PubMed]

Vass, R.A.; Kiss, G.; Bell, E.F.; Roghair, R.D.; Miseta, A.; Bodis, J.; Funke, S.; Ertl, T. Breast milk for term and preterm infants-own
mother’s milk or donor milk? Nutrients 2021, 13, 424. [CrossRef]

Vass, R.A.; Miké, E.; Gal, C.; Készegi, T.; Vass, C.L; Bokor, S.; Molnar, D.; Funke, S.; Kovacs, K.; Bodis, J.; et al. The effect of Holder
pasteurization and different variants on breast milk antioxidants. Antioxidants 2023, 12, 1857. [CrossRef] [PubMed]

Vass, R.A_; Bell, E.E,; Colaizy, T.T.; Schmelzel, M.L.; Johnson, K.J.; Walker, ].R.; Ertl, T.; Roghair, R.D. Hormone levels in preterm
and donor human milk before and after Holder pasteurization. Pediatr. Res. 2020, 88, 612-617. [CrossRef]

Vass, R.A.; Roghair, R.D.; Bell, E.F.,; Colaizy, T.T.; Schmelzel, M.L.; Johnson, K.J.; Walker, J.R.; Ertl, T. Pituitary glycoprotein
hormones in human milk before and after pasteurization or refrigeration. Nutrients 2020, 12, 687. [CrossRef] [PubMed]

156



Nutrients 2024, 16, 1689

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Vass, R.A.; Kiss, G.; Bell, E.F.,; Miseta, A.; Bodis, J.; Funke, S.; Bokor, S.; Molnar, D.; Késa, B.; Kiss, A.A_; et al. Thyroxine and
thyroid-stimulating hormone in own mother’s milk, donor milk, and infant formula. Life 2022, 12, 584. [CrossRef] [PubMed]
Vass, R.A.; Bell, E.F.; Roghair, R.D.; Kiss, G.; Funke, S.; Bokor, S.; Molnar, D.; Miseta, A.; Bodis, J.; Kovacs, K.; et al. Insulin,
testosterone, and albumin in term and preterm breast milk, donor milk, and infant formula. Nutrients 2023, 15, 1476. [CrossRef]
Committee on Nutrition; Section on Breastfeeding; Committee on Fetus and Newborn. Donor human milk for the high-risk
infant: Preparation, safety, and usage options in the United States. Pediatrics 2017, 139, e20163440. [CrossRef] [PubMed]

150 16958:2015; Milk, Milk Products, Infant Formula and Adult Nutritionals, Determination of Fatty Acids Composition, Capillary
Gas Chromatographic Method. ISO: Geneva, Switzerland, 2015.

Tormasi, J.; Abranko, L. Assessment of fatty acid-specific lipolysis by in vitro digestion and GC-FID. Nutrients 2021, 13, 3889.
[CrossRef] [PubMed]

Annison, E.; Linzell, J.; Fazakerley, S.; Nichols, B. The oxidation and utilization of palmitate, stearate, oleate and acetate by the
mammary gland of the fed goat in relation to their overall metabolism, and the role of plasma phospholipids and neutral lipids in
milk-fat synthesis. Biochem. ]. 1967, 102, 637-647. [CrossRef] [PubMed]

Foiles, A.M.; Kerling, E.H.; Wick, J.A.; Scalabrin, D.M.F.; Colombo, J.; Carlson, S.E. Formula with long-chain polyunsaturated
fatty acids reduces incidence of allergy in early childhood. Pediatr. Allergy Immunol. 2016, 27, 156-161. [CrossRef] [PubMed]
Field, C.J. The immunological components of human milk and their effect on immune development in infants. J. Nutr. 2005, 135,
1-4. [CrossRef] [PubMed]

Marc, I; Boutin, A.; Pronovost, E.; Perez Herrera, N.M.; Guillot, M.; Bergeron, F.; Moore, L.; Sullivan, T.R.; Lavoie, PM.; Makrides,
M. Association between enteral supplementation with high-dose Docosahexaenoic Acid and risk of bronchopulmonary dysplasia
in preterm infants: A systematic review and meta-analysis. JAMA Netw Open. 2023, 6, €233934. [CrossRef]

Pastor, N.; Soler, B.; Mitmesser, S.H.; Ferguson, P.; Lifschitz, C. Infants fed docosahexaenoic acid- and arachidonic acid-
supplemented formula have decreased incidence of bronchiolitis /bronchitis the first year of life. Clin. Pediatr. 2006, 45, 850-855.
[CrossRef] [PubMed]

Krauss-Etschmann, S.; Shadid, R.; Campoy, C.; Hoster, E.; Demmelmair, H.; Jiménez, M.; Gil, A.; Rivero, M.; Veszprémi, B.;
Decsi, T.; et al. Effects of fish-oil and folate supplementation of pregnant women on maternal and fetal plasma concentrations of
docosahexaenoic acid and eicosapentaenoic acid: A European randomized multicenter trial. Am. J. Clin. Nutr. 2007, 85, 1392-1400.
[CrossRef] [PubMed]

Brenna, J.T.; Varamini, B.; Jensen, R.G.; Diersen-Schade, D.A.; Boettcher, J.A.; Arterburn, L.M. Docosahexaenoic and arachidonic
acid concentrations in human breast milk worldwide. Am. J. Clin. Nutr. 2007, 85, 1457-1464. [CrossRef] [PubMed]

Igarashi, M.; Iwasa, K.; Hayakawa, T.; Tsuduki, T.; Kimura, I.; Maruyama, K.; Yoshikawa, K. Dietary oleic acid contributes to the
regulation of food intake through the synthesis of intestinal oleoylethanolamide. Front. Endocrinol. 2023, 13, 1056116. [CrossRef]
[PubMed]

Carrillo, C.; Cavia Mdel, M.; Alonso-Torre, S. Role of oleic acid in immune system; mechanism of action; a review. Nutr. Hosp.
2012, 27, 978-990. [PubMed]

Santa-Maria, C.; Lopez-Enriquez, S.; Montserrat-de la Paz, S.; Geniz, I.; Reyes-Quiroz, M.E.; Moreno, M.; Palomares, E.; Sobrino, E;
Alba, G. Update on anti-inflammatory molecular mechanisms induced by oleic acid. Nutrients 2023, 15, 224. [CrossRef] [PubMed]
Miles, E.A.; Childs, C.E.; Calder, P.C. Long-Chain Polyunsaturated Fatty Acids (LCPUFAs) and the developing immune system:
A narrative review. Nutrients 2021, 13, 247. [CrossRef] [PubMed]

Dou, Y.; Wang, Y.; Chen, Z.; Yu, X.; Ma, D. Effect of n-3 polyunsaturated fatty acid on bone health: A systematic review and
meta-analysis of randomized controlled trials. Food Sci. Nutr. 2021, 10, 145-154. [CrossRef] [PubMed]

Khalesi, N.; Bordbar, A.; Khosravi, N.; Kabirian, M.; Karimi, A. The efficacy of omega-3 supplement on prevention of retinopathy
of prematurity in premature infants: A randomized double-blinded controlled trial. Curr. Pharm. Des. 2018, 24, 1845-1848.
[CrossRef] [PubMed]

Matsue, M.; Mori, Y.; Nagase, S.; Sugiyama, Y.; Hirano, R.; Ogai, K.; Ogura, K.; Kurihara, S.; Okamoto, S. Measuring the
antimicrobial activity of lauric acid against various bacteria in human gut microbiota using a new method. Cell Transplant. 2019,
28, 1528-1541. [CrossRef] [PubMed]

Zhang, M.; Simon Sarkadji, L., Uveges, M.; Tormasi, J.; Benes, E.; Vass, R.A.; Vari, S.G. Gas chromatographic determination of fatty
acid composition in breast milk of mothers with different health conditions. Acta Alimentaria. 2022, 51, 625-635. [CrossRef]
Demmelmair, H.; Koletzko, B. Importance of fatty acids in the perinatal period. World Rev. Nutr. Diet. 2015, 112, 31-47. [PubMed]
Embleton, N.D.; Jennifer Moltu, S.; Lapillonne, A.; van den Akker, C.H.P,; Carnielli, V.; Fusch, C.; Gerasimidis, K.; van Goudoever,
J.B.; Haiden, N.; Iacobelli, S.; et al. Enteral nutrition in preterm infants (2022): A position paper from the ESPGHAN Committee
on nutrition and invited experts. |. Pediatr. Gastroenterol. Nutr. 2023, 76, 248-268. [CrossRef] [PubMed]

Keikha, M.; Shayan-Moghadam, R.; Bahreynian, M.; Kelishadi, R. Nutritional supplements and mother’s milk composition: A
systematic review of interventional studies. Int. Breastfeed. J. 2021, 16, 1. [CrossRef] [PubMed]

Lepri, L.; Del Bubba, M.; Maggini, R.; Donzelli, G.P.; Galvan, P. Effect of pasteurization and storage on some components of
pooled human milk. J. Chromatogr. B Biomed. Sci. Appl. 1997, 704, 1-10. [CrossRef]

Ewaschuk, J.B.; Unger, S.; O’Connor, D.L.; Stone, D.; Harvey, S.; Clandinin, M.T.; Field, C.J. Effect of pasteurization on selected
immune components of donated human breast milk. J. Perinatol. 2011, 31, 593-598. [CrossRef] [PubMed]

157



Nutrients 2024, 16, 1689

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

Floris, L.M.; Stahl, B.; Abrahamse-Berkeveld, M.; Teller, .C. Human milk fatty acid profile across lactational stages after term and
preterm delivery: A pooled data analysis. Prostaglandins Leukot. Essent. Fatty Acids 2020, 156, 102023. [CrossRef] [PubMed]
Marounek, M.; Skrivanova, E.; Rada, V. Susceptibility of Escherichia coli to C2-C18 fatty acids. Folia Microbiol. 2003, 48, 731-735.
[CrossRef] [PubMed]

Alshaikh, B.N.; Reyes Loredo, A.; Yusuf, K.; Maarouf, A_; Fenton, T.R.; Momin, S. Enteral long-chain polyunsaturated fatty acids
and necrotizing enterocolitis: A systematic review and meta-analysis. Am. ]. Clin. Nutr. 2023, 117, 918-929. [CrossRef] [PubMed]
Alshaikh, B.N.; Reyes Loredo, A.; Knauff, M.; Momin, S.; Moossavi, S. The role of dietary fats in the development and prevention
of necrotizing enterocolitis. Nutrients 2021, 14, 145. [CrossRef] [PubMed]

Abou El Fadl, D.K.; Ahmed, M.A; Aly, Y.A.; Darweesh, E.A.G.; Sabri, N.A. Impact of Docosahexaenoic acid supplementation
on proinflammatory cytokines release and the development of Necrotizing enterocolitis in preterm Neonates: A randomized
controlled study. Saudi Pharm. J. 2021, 29, 1314-1322. [CrossRef] [PubMed]

Lapillonne, A.; Pastor, N.; Zhuang, W.; Scalabrin, D.M.F. Infants fed formula with added long chain polyunsaturated fatty acids
have reduced incidence of respiratory illnesses and diarrhea during the first year of life. BMC Prediatr. 2014, 14, 168. [CrossRef]
[PubMed]

D’Vaz, N.; Meldrum, S.J.; Dunstan, J.A.; Martino, D.; McCarthy, S.; Metcalfe, J.; Tulic, M.K.; Mori, T.A.; Prescott, S.A. Postnatal fish
oil supplementation in high-risk infants to prevent allergy: Randomized controlled trial. Pediatrics 2012, 130, 674-682. [CrossRef]
[PubMed]

Marks, G.B.; Mihrshahi, S.; Kemp, A.S.; Tovey, E.R.; Webb, K.; Almqvist, C.; Ampon, R.D.; Crisafulli, D.; Belousova, E.G.; Mellis,
C.M,; et al. Prevention of asthma during the first 5 years of life: A randomized controlled trial. ]. Allergy Clin. Immunol. 2006, 118,
53-61. [CrossRef] [PubMed]

Clausen, M.; Jonasson, K.; Keil, T.; Beyer, K.; Sigurdardottir, S.T. Fish oil in infancy protects against food allergy in Iceland—Results
from a birth cohort study. Allergy 2018, 73, 1305-1312. [CrossRef] [PubMed]

Almgqvist, C.; Garden, F; Xuan, W.; Mihrshahi, S.; Leeder, S.R.; Oddy, W.; Webb, K.; Marks, G.B.; CAPS team. Omega-3 and
omega-6 fatty acid exposure from early life does not affect atopy and asthma at age 5 years. J. Allergy Clin. Immunol. 2007, 119,
1438-1444. [CrossRef] [PubMed]

Uauy, R.; Mena, P. Long-chain polyunsaturated fatty acids supplementation in preterm infants. Curr. Opin. Pediatr. 2015, 27,
165-171. [CrossRef] [PubMed]

Crawford, M.A.; Wang, Y.; Forsyth, S.; Brenna, ].T. The European Food Safety Authority recommendation for polyunsaturated
fatty acid composition of infant formula overrules breast milk, puts infants at risk, and should be revised. Prostaglandins Leukot.
Essent. Fatty Acids. 2015, 102-103, 1-3. [CrossRef]

Samuel, T.M.; Thielecke, F; Lavalle, L.; Chen, C.; Fogel, P; Giuffrida, F.,; Dubascoux, S.; Martinez-Costa, C.; Haaland, K.; Marchini,
G.; et al. Mode of neonatal delivery influences the nutrient composition of human milk: Results from a multicenter European
cohort of lactating women. Front. Nutr. 2022, 9, 834394. [CrossRef] [PubMed]

Khelouf, N.; Haoud, K.; Meziani, S.; Fizir, M.; Ghomari, EN.; Khaled, M.B.; Kadi, N. Effect of infant’s gender and lactation period
on biochemical and energy breast milk composition of lactating mothers from Algeria. J. Food Compos. Anal. 2023, 115, 104889.
[CrossRef]

Miliku, K.; Richelle, J.; Becker, A.B.; Simons, E.; Moraes, T.J.; Stuart, T.E.; Mandhane, PJ.; Sears, M.R.; Subbarao, P; Field, C.J.; et al.
Sex-specific associations of human milk long-chain polyunsaturated fatty acids and infant allergic conditions. Pediatr. Allergy
Immunol. 2021, 32, 1173-1182. [CrossRef] [PubMed]

Rodriguez-Alcala, L.M.; Alonso, L.; Fontecha, J. Stability of fatty acid composition after thermal, high pressure, and microwave
processing of cow milk as affected by polyunsaturated fatty acid concentration. J. Dairy. Sci. 2014, 97, 7307-7315. [CrossRef]
[PubMed]

Christen, L.; Lai, C.T.; Hartmann, B.; Hartmann, P.E.; Geddes, D.T. Ultraviolet-C irradiation: A novel pasteurization method for
donor human milk. PLoS ONE 2013, 8, e68120. [CrossRef] [PubMed]

Wesolowska, A.; Sinkiewicz-Darol, E.; Barbarska, O.; Bernatowicz-Lojko, U.; Borszewska-Kornacka, M.K.; van Goudoever, ].B.
Innovative Techniques of Processing Human Milk to Preserve Key Components. Nutrients 2019, 11, 1169. [CrossRef] [PubMed]
Roghair, R.D.; Colaizy, T.T.; Steinbrekera, B.; Vass, R.A_; Hsu, E.; Dagle, D.; Chatmethakul, T. Neonatal leptin levels predict the
early childhood developmental assessment scores of preterm infants. Nutrients 2023, 15, 1967. [CrossRef] [PubMed]

Marriott, B.P; Turner, T.H.; Hibbeln, J.R.; Newman, J.C.; Pregulman, M.; Malek, A.M.; Malcolm, R.].; Burbelo, G.A.; Wismann, J.W.
Impact of fatty acid supplementation on cognitive performance among United States (US) military officers: The ranger resilience
and improved performance on phospholipid-bound Omega-3's (RRIPP-3) Study. Nutrients 2021, 13, 1854. [CrossRef] [PubMed]

158



Nutrients 2024, 16, 1689

77. Wei, B.Z,; Li, L.; Dong, C.W.,; Tan, C.C.; Alzheimer’s Disease Neuroimaging Initiative; Xu, W. The relationship of Omega-3 fatty
acids with dementia and cognitive decline: Evidence from prospective cohort studies of supplementation, dietary intake, and
blood markers. Am. J. Clin. Nutr. 2023, 117, 1096-1109. [CrossRef] [PubMed]

78.  Embleton, N.D.; van den Akker, C.H.P. Protein intakes to optimize outcomes for preterm infants. Semin. Perinatol. 2019, 43,
151154. [CrossRef] [PubMed]

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.

159



ze!

nutrients

Article

Presepsin in Human Milk Is Delivery Mode
and Gender Dependent

Ebe D’Adamo !, Chiara Peila 2, Mariachiara Strozzi 3, Roberta Barolo 2, Antonio Maconi ¢, Arianna Nanni !,

1

Valentina Botondi !, Alessandra Coscia 2, Enrico Bertino 2, Francesca Gazzolo 5, Ali Saber Abdelhameed °,
Mariangela Conte 1 Simonetta Picone 7, Marianna D’Andrea !, Mauro Lizzi !, Maria Teresa Quarta !

and Diego Gazzolo *

Citation: D’Adamo, E.; Peila, C.;
Strozzi, M.; Barolo, R.; Maconi, A.;
Nanni, A.; Botondi, V.; Coscia, A.;
Bertino, E.; Gazzolo, E; et al.
Presepsin in Human Milk Is Delivery
Mode and Gender Dependent.
Nutrients 2024, 16, 2554. https://
doi.org/10.3390/nu16152554

Academic Editor: Ornoy Asher

Received: 27 June 2024
Revised: 15 July 2024
Accepted: 30 July 2024
Published: 3 August 2024

Copyright: © 2024 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
1.0/).

1 Neonatal Intensive Care Unit, “G. D’Annunzio” University, 66100 Chieti, Italy;

ebe.dadamo@yahoo.com (E.D.); arianna.nanni.98@gmail.com (A.N.); valentina.botondi91@gmail.com (V.B.);
conte.mariangela@virgilio.it (M.C.); mary.dandreal988@libero.it (M.D.); mauro.lizzi. med@gmail.com (M.L.)
Neonatology Unit, Department of Public Health and Pediatrics, University of Turin, 10124 Torino, Italy;
chiara.peila@unito.it (C.P.); roberta.barolo@unito.it (R.B.); alessandra.coscia@unito.it (A.C.);
enrico.bertino@unito.it (E.B.)

Department of Pediatrics and Neonatology, Cardinal Massaia Hospital, 14100 Asti, Italy;
chiara.strozzi@libero.it

Department of Maternal, Fetal and Neonatal Medicine, ASO SS Antonio, Biagio and C. Arrigo,

15121 Alessandria, Italy; amaconi@ospedale.al.it

Department of Medical and Surgical Sciences, Magna Graecia University, 88100 Catanzaro, Italy;
francesca.gazzolo@libero.it

Department of Pharmaceutical Chemistry, College of Pharmacy, King Saud University,

Riyadh 11451, Saudi Arabia; asaber@ksu.edu.sa

Neonatal Intensive Care Unit, Policlinico Casilino, 00169 Rome, Italy; simpico@libero.it

*  Correspondence: dgazzolo@hotmail.com; Tel.: +39-0871358219

Abstract: Breast milk (BM) is a unique food due to its nutritional composition and anti-inflammatory
characteristics. Evidence has emerged on the role of Presepsin (PSEP) as a reliable marker of early
sepsis diagnosis. In the present study, we aimed to investigate the measurability of PSEP in BM
according to different maturation stages (colostrum, C; transition, Tr; and mature milks, Mt) and
corrected for delivery mode and gender. We conducted a multicenter prospective case-control study
in women who had delivered 22 term (T) and 22 preterm (PT) infants. A total of 44 human milk
samples were collected and stored at —80 °C. BM PSEP (pg/mL) levels were measured by using a
rapid chemiluminescent enzyme immunoassay. PSEP was detected in all samples analyzed. Higher
(p < 0.05) BM PSEP concentrations were observed in the PT compared to the T infants. According
to the grade of maturation, higher (p < 0.05) levels of PSEP in C compared to Tr and Mt milks were
observed in the whole study population. The BM subtypes’” degrees of maturation were delivery
mode and gender dependent. We found that PSEP at high concentrations supports its antimicrobial
action both in PT and T infants. These results open the door to further studies investigating the role
of PSEP.

Keywords: presepsin; breastmilk; newborn; nutrition; preterm; sCD14

1. Introduction

There is general consensus that breast milk (BM), due to its unique properties, con-
stitutes the ideal product for the feeding of newborns [1-3]. The data in the literature
support the notion that exclusive breastfeeding for the first 4-6 months of life is advised
to ensure healthy growth and primary prevention against potential infectious pathogens
at a stage when the neonatal immune system is completing its development [4,5]. BM is
a specific-dynamic biofluid since its maturation is time-dependent and varies according
to maternal diet and diseases [6]. Health benefits associated with breastfeeding lie in
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the combined action of the nutritional and bioactive components of BM [7-14], among
which the glycoprotein CD14 aids neonatal gut function and development, modulates
immune function, and regulates inflammation [15,16]. Membrane CD14 (mCD14) is a
multifunctional glycoprotein expressed on the surface of various cells including monocytes,
macrophages and neutrophils. Indeed, CD14 is a recognition receptor for Gram-negative
and Gram-positive bacteria and lipopolysaccharides [17]. Notably, the soluble cluster of
differentiation CD14 sub-type (sCD14), also called Presepsin (PSEP), has recently been put
forward as a promising biomarker of sepsis [18]. Increased PSEP levels have been found in
response to existing infections in adults, in children, and in infants [19,20]. In the perinatal
period, the properties of PSED, as reliable early diagnostic indicators of sepsis, can regard:
(i) the fact that acute and chronic hypoxia insults do not constitute confounding factors as
to its reliability in sepsis diagnosis [21]; (ii) its measurability in different biological fluids
including urine and saliva [22], under several pathological conditions such as early neona-
tal sepsis, perinatal asphyxia, and fetal chronic hypoxia [23]; and (iii) its thermostability at
room temperature and after thawing [24]. While PSEP has been established as a marker
for sepsis in various biological fluids, its role and variability in breast milk across different
stages of lactation and its impact on neonatal health remain unexplored.

Therefore, in the present study we aimed to investigate whether, in a cohort of preterm
and term infants fed with BM, PSEP (i) was measurable in BM, (ii) varied according
to different maturation stages (colostrum, transition, and mature milks), and (iii) was
gestational age and gender dependent.

2. Materials and Methods
2.1. Study Population

Between March 2022 and December 2023, we conducted a multicenter prospective
case—control study in 55 women who delivered term (T; n = 22) and preterm (PT; n = 22)
infants at our third level referral centers for neonatal intensive care (NICU). The local ethics
committees (Presap.ASO.Neonat.19.02/23.05.19) approved the study and informed and
signed consent was obtained from all parents of the subjects before inclusion in the study.
For sample size calculation, we used changes in PSEP as the main parameter [25]. As no
basic data are available for PSEP levels in BM, we assumed an increase of 0.5 standard
deviation (SD) in PSEP to be clinically significant. Considering an « = 0.05 and using a
two-sided test, we estimated a power of 0.95, recruiting 18 PT and T infants fed with BM.
To allow for dropouts and withdrawn consent, we added 4 cases. Therefore, the study
population consisted of n = 22 PT and T mothers from whom milk (colostrum, C; transition,
Tr; mature, Mt) samples, defined according to Playford et al. [25], were collected from birth
up to 30 days of age (Figure 1).

Drop-out
(n=7)
Retired Consent
(n=4)

Mothers
(n=55)

Enrolled
(n=44)

Figure 1. Flow chart describing patients’ recruitment. Abbreviations: PT, preterm; T, Term.
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Gestational age (GA) was determined using clinical data and a first trimester ultra-
sound scan. Appropriate growth was defined by the presence of ultrasonographic signs in
accordance with current guidelines, and by a post-natal confirmation of a birthweight (BW)
ranging between the 10th and 90th percentiles according to our population standards, after
adjusting for the mother’s height, weight, parity, and the sex of the newborn [26].

Atbirth, healthy newborns were defined in agreement with the criteria of the American
Academy of Pediatrics [27]: no maternal illness, no signs of fetal distress, a pH greater than
7.2 in cord or venous blood, and Apgar scores greater than 7 at 1 and 5 min.

Exclusion criteria were infants with any malformations, chromosomal abnormalities,
cardiac or hemolytic disease, chorioamnionitis, maternal systemic infection/inflammation,
maternal fever, premature rupture of membranes, early and late onset sepsis, mastitis, and
other diseases of the breast.

2.2. Perinatal Outcomes

The following main perinatal and neonatal outcomes were recorded in the studied
groups: maternal age; gestational diabetes mellitus (GDM); pregnancy induced hyperten-
sion (PIH) and intrauterine growth retardation (IUGR) incidences; GA; BW; delivery mode
(vaginal delivery, VD; cesarean section, CS); gender (Male, M; Female, F); and Apgar scores
at 1st and 5th min.

2.3. Standard Monitoring Procedures

Laboratory parameters (venous blood pH; partial venous pressure of carbon monoxide,
pCOy; partial venous pressure of oxygen, pOy; base excess, BE; red blood cell count RBC;
hemoglobin blood concentrations, Hb; hematocrit rate, Ht; glucose and ions) were recorded
in all infants on admission to NICU.

2.4. BM Collection

Fresh Milk samples were collected into sterile, disposable, high-density polyethylene
sealed bottles. Milk was collected with standard extraction methods by means of an electric
breast pump (Medela Symphony, Baar, Switzerland). According to current guidelines, in
order to collect full pumping samples, the extraction session was stopped 2 min after the
outflow of the last drops of milk. From the total amount of milk of each mother, a sample
of 5 mL of milk was collected and then stored at —80 °C until analysis.

2.5. P-SEP Measurements

PSEP milk levels were measured quantitatively (pg/mL) in 5 mL of BM. The detection
was performed using a chemiluminescent enzyme immunoassay with the point-of-care
automated analyzer PATHFAST-TM (Gepa Diagnostics, Milan, Italy) according to the
manufacturer’s instructions. The assay detection limit was 200 pg/mL, the coefficient of
variability intra-assay was <5.0%, and the coefficient of variability inter-assay was <10%.

The PATHFAST-TM analyzer was chosen for its high sensitivity and specificity for
PSEP detection. Each 5 mL milk sample was determined to be optimal for ensuring
consistent and reliable results based on preliminary trials.

2.6. Statistical Analysis

The demographic characteristics of maternal and neonatal outcomes were reported
as mean + SD. PSEP concentrations were expressed as median and interquartile ranges.
Statistical analysis was performed by using a two-tailed paired t-test and a Mann-Whitney
two-sided U-test when data did not follow a Gaussian distribution. A comparison between
the groups was performed by using an ANOVA one-way test. Linear regression analy-
sis was performed for correlations between PSEP levels in different milks and perinatal
outcomes. Statistical analysis was performed using Sigma Stat 3.5 (GmBH, Mannheim,
Germany). A p < 0.05 was considered significant.
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3. Results

Perinatal characteristics and the main neonatal outcomes are reported in Table 1.

Table 1. Characteristics of milk donors and perinatal parameters recorded in preterm (PT) and term
(T) infants admitted into the study.

Parameters PT T p
(n=22) (n=22)
Perinatal characteristics
Maternal age (yrs) 34+5 339+4 NS
GDM (n/tot) 5/22 1/22 <0.05
PIH (n/tot) 7/22 0/22 <0.05
IUGR 4/22 1/22 <0.05
Neonatal characteristics
GA (wks) 33 +£3.8 39+4 <0.05
BW (g) 1950 + 650 3100 + 510 <0.05
CS (n/tot) 13/22 9/22 <0.05
VD (n/tot) 9/22 13/22 <0.05
Gender (M/F) 10/12 9/13 NS
Apgar 1/ 8+1 9+09 NS
Apgar 5 9+1 9+1 NS
Monitoring parameters
pH > 7.20 (n/total) 22/22 22/22 NS
pCO, (mmHg) 42 +3 41.6+2.8 NS
pO, (mmHg) 429+12 431+ 1.1 NS
BE —-1.1+0.6 -1+07 NS
RBC count (10'2/L) 44403 43402 NS
Hb (g/L) 145+3 13.8 £2.9 NS
Ht (%) 41 £+ 0.07 41.5 +0.08 NS
Pla(:lr‘; (ﬁl}f)"se 51+02 52+ 0.4 NS
Na* (mmol/L) 1385+ 0.9 139 +1 NS
Ca** (mmol/L) 1.12 £ 0.02 1.13 £ 0.03 NS
K* (mmol/L) 3.8 +£0.25 39402 NS

Abbreviations: PT, preterm; T, term; yrs, years; GDM, gestational diabetes mellitus; n, number; tot, total; PIH,
pregnancy induced hypertension; IUGR, intrauterine growth retardation; GA, gestational age; wks, weeks; BW,
birthweight; g, grams; CS, cesarean section; VD vaginal delivery; M, male; F, female; pCO,, partial carbon dioxide
venous pressure; pO,, partial oxygen venous pressure; BE, base excess; RBC, red blood cell count; Hb, hemoglobin
blood concentrations; Ht, hematocrit rate; Na+, sodium; Ca++, calcium; K+, potassium.

All enrolled mothers were Caucasian. Higher (p < 0.05, for all) incidences of GDM
(6%), PIH (32%), and IUGR (18%) occurred in the PT group. As expected, GA and BW
were lower (p < 0.05, for both) in the PT than in the T group. Moreover, the incidences of
CS and VD (p < 0.05, for both) were higher and lower in the PT group, respectively. No
differences (p > 0.05, for all) in maternal age, Apgar score at 1'-5" min, or gender were
observed between the studied groups.

Laboratory parameters recorded at admission to our NICUs are reported in Table 2.
No significant differences (p > 0.05, for all) were observed between groups for blood, pH,
pCO,, pO,, BE, RBC, Hb, Ht, blood glucose, or ion levels.
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Table 2. Presepsin levels in preterm (PT) and term (T) infants corrected for delivery mode and gender.
Values are expressed in median and interquartile ranges. p < 0.05: 2 PSEP C vs. Tr and Mt; ® PSEP C
vs. Tr; € PSEP Tr vs. Mt; 9 PSEP C vs. Mt; * PT C, Tr and Mt vs. TC, Tr and Mt; ** PT C and Tr vs. T C
and Tr; & M Mt vs. F Mt.

PT T
(n=22) (n=22)
Presepsin Median 25° 75° Median 25°
(pg(mL)
Delivery Mode
CVD 15.906 d** 11.326 19.789 5.843 b* 4.545
Tr VD 9.185 2.356 16.014 3.836 2.741
Mt VD 6.458 5.501 7.502 6.334 2.125
CcCs 16.718 2 10.976 19.934 5.609 <d 4.260
Tr CS 11.303 © 9.228 19841 5.032 3.932
Mt CS 7.392 6.804 11938 1.738 1.637
Gender
CM 16.447 2 11.314 19.471 6.596 5.051
M 11.303 8.668 19.841 3.932 3.862
MtM 9.800 & 7.155 12.134 4.532 2.879
CF 16.888 a** 10.638 19.879 5.609 3.877
TrF 10.458 6.502 11.766 3.836 2.127
MtF 6.804 6.555 7.391 6.334 1.681

Abbreviations: PT, preterm; T, term; C, colostrum; Tr, transition; Mt, mature; VD, vaginal delivery; CS, cesarean
section; M, male; F, female.

All infants admitted into the study were discharged in good clinical condition and no
overt damage to any organs was detectable.

3.1. PSEP BM Levels in Total Population

PSEP was detectable in all BM samples collected. When milk samples were corrected
for the grade of maturation in the whole study population, the level of PSEP in C was
higher (p < 0.001, for both) than in the Tr and Mt fluids. No significant differences (p > 0.05)
were observed in PSEP between the Tr and Mt fluids (Figure 2).

25,000 * 7 a&k b

20,000 g

15,000 b

10,000 &

- THe BT

c Tr Mt CPT CT TrPT TrT MtPT MtT

PSEP (pg/mL}

Figure 2. Presepsin (PSEP) milk levels (pg/mL) measured in colostrum (C), transition (Tr) and
mature (Mt) milk fluids in the preterm (PT) and term (T) groups. Values are expressed in median and
interquartile ranges. p < 0.05; * PSEP C vs. Tr vs. Mt; a PT PSEP C vs. Tr vs. Mt; b T PSEP C vs. Tr; &
PT PSEP C, Tr, Mt vs. T PSEP C, Tr, Mt.
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3.2. PSEP BM Levels in PT and T Infants

The PSEP BM levels in the PT and T infants are reported in Figure 2. In the PT infants,
the PSEP levels in the C fluid were significantly higher (p < 0.001) than those in the Tr and
Mt, whilst no differences (p > 0.05) were detectable between the Tr and Mt fluids.

In T infants, the PSEP levels in the C fluid were significantly higher (p < 0.05) than
those in Tr, whilst no differences (p > 0.05, for both) were detectable between C and Mt or
between Tr and Mt.

Higher (p < 0.001) PSEP levels were observed in the PT compared to the T infants
when comparing the total amount of the protein. Notably, when we compared PSEP levels
between PT and T groups after correction for BM degree of maturation we found that PT
infants had significantly higher (p < 0.001, for all) PSEP levels in C, Tr, and Mt fluids than
their equivalent BM fluids in T infants (Figure 2).

3.3. PSEP BM and Delivery Mode

In Table 2, the PSEP levels when corrected for the delivery mode in the whole study
population and for the BM sub-types are reported.

The PSEP levels in the VD PT and T infants were lower (p < 0.01) than in those born by
CS. Conversely, higher (p < 0.001, for both) PSEP levels were found in PT infants delivered
both by VD and CS than in T ones. No significant differences (p > 0.05, for all) in BM PSEP
sub-types were observed among PT infants regardless of delivery mode. The same pattern
(p > 0.05, for all) was observed in T infants. In PT VD infants, higher C PSEP than Mt was
found, whilst no significant differences (p > 0.05, for both) between C and Tr or Tr and Mt
were observed. In PT CS infants, the PSEP levels in the C fluid were significantly higher
(p < 0.05, for both) than those in the Tr and Mt fluids, and the level of PSEP in Tr was higher
(p > 0.05) than that in the Mt fluid.

InT VD infants, the PSEP levels were higher (p < 0.05) in C than Tr, whilst no differences
were observed between C vs. Mt or Tr vs Mt.

After correction for CS, higher C PSEP and Tr (p < 0.05) than Mt levels were found
(p< 0.05, for both). When we compared the levels of PSEP between the PT and T groups after
correction for delivery mode and BM degree of maturation we found (i) higher (p < 0.05,
for both) C and Tr PT VD PSEP levels than T ones, whilst no differences (p > 0.05) were
detectable between Mt fluids, (ii) and higher (p < 0.05, for all) C, Tr and Mt PSEP levels in
PT CS infants than T ones.

3.4. PSEP BM and Gender

Milk samples were corrected for gender in the whole study population and for the BM
sub-types (Table 2). No significant gender differences (p > 0.05, for both) were observed in
the PT and T total populations. Indeed, PSEP levels in the M and F PT sub-groups were
higher (p < 0.001, for both) than M and F T male sub-groups.

In the M and F PT subgroups, we found higher (p < 0.05, for both) C PSEP levels than
in the Tr and Mt fluids. No differences (p > 0.05) were found in PSEP between the Tr and
Mt fluids.

In the M and F T subgroups, no differences (p > 0.05, for all) in PSEP levels among the
C, Tr, and Mt fluids were found.

When we compared the PT and T groups after correcting for gender, we found higher
(p < 0.05, for all) C, Tr, and MT PSEP levels in the M PT sub-groups than those of M T.
Indeed, higher (p < 0.05, for all) C and Tr PSEP levels were observed in the F PT sub-group
than the F T sub-group and no differences in Mt fluids between the sub-groups were shown.
Finally, higher (p < 0.05) M PT Mt PSEP than F PT Mt PSEP was observed.

4. Discussion

The mother’s own milk is widely accepted as a unique fluid, containing biological
factors involved in the regulation of optimal newborn development and growth (including
hormones, growth factors, and cytokines), through which biochemical communication
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between mother and child is established [1-3,24]. This especially holds true for BM’s antimi-
crobial properties that protect particularly preterm infants from early and late infections
and from major post-natal complications such as neonatal necrotizing enterocolitis [17].
The issue is of significance bearing in mind the high mortality and morbidity rates in that
delicate population.

In the present study, we found that a promising biomarker for sepsis, namely PSEP,
is more highly concentrated in the BM of mothers delivering a PT rather than a T infant.
Notably, BM and its sub-types of maturation (colostrum, transition, mature) were delivery
mode and gender dependent.

The presence of PSEP, or sCD14, and its sub-types at high levels in BM matches, in part,
previous observations [28,29]. Discrepancies lie in the study population’s characteristics
such as ethnicity, type of disease (bacterial and fungal sepsis, HIV), monitoring time-points
(1 vs 4 months), and measurement technique (ELISA, CLEIA, cytometric bead array) [30,31].
Notably, none of the mothers were complicated by any allergy and/or excess maternal
weight, both of which are known to affect PSEP release in the BM [32,33].

4.1. BM PSEP

The high PSEP levels detected in BM warrant further consideration. In particular, BM
PSEP levels (i) were 10-20-fold higher than others detected in different biological fluids
(i.e., blood, urine, saliva) from both of healthy PT and T infants and from those complicated
by early/late onset sepsis [18]. This finding is in agreement with data showing that the
levels of a series of cytokines involved in immune defenses, and in brain development [17],
(ii) in both PT and T groups were higher than those previously reported. The explanation for
this lies in the different measurement techniques and different endpoints used [17,29], and
(iii) they were significantly increased in PT than T infants both considering total BM PSEP or
its sub-type levels. This finding is noteworthy and offers additional support to the notion of
the release of the marker for inflammation in placenta and systemic circulation during labor,
particularly in PT cases known to be mainly triggered by a perinatal infection [34]. Bearing
in mind that, in the present series, we excluded all the cases in whom perinatal sepsis had
occurred, it is reasonable to argue for PSEP activation through a microbial-independent
pathway [35].

4.2. BM PSEP Degree of Maturation

The finding that the PSEP levels increase according to the degree of BM maturation
deserves further consideration. In particular, we found that the C PSEP levels in PT infants
were higher than those measured at different stages of maturation (Tr, Mt), whilst in T
infants a similar pattern was observed except there were no differences between the C and
Mt fluids. These findings are in agreement with previous observations aimed at measuring
a series of cytokines in BM and its sub-types [17,35]. Among a series of explanations, to
date still under debate, the main ones, after having excluded environmental factors, regard
functional /biochemical issues. In particular, (i) considering the significant differences in
PSEP between the two main districts of concentration such as systemic circulation (low)
and BM (high) the high C levels support the hypothesis of a mammary gland epithelium
site of PSEP production [35], (ii) BM can achieve a PSEP serum extra-aliquot through
a paracellular pathway [35], and (iii) PSEP over-production by mammary glands as a
compensatory mechanism to adjust immunity of PT infants [29]. Altogether, the possibility
that preterm birth, in the absence of any early laboratory signs of infection, could somewhat
be triggered by a cascade of inflammatory events leading to the release of PSEP into
systemic maternal circulation is, therefore, reasonable. Further studies aimed at elucidating
the aforementioned issues are, therefore, justified.

4.3. BM PSEP and Delivery Mode

In the present study, we also found that BM PSEP levels both in PT and T infants
were delivery mode dependent. In particular, the highest PSEP levels were observed (i) in
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PT infants compared to T ones regardless of delivery mode, and (ii) in C VD and CS PT
sub-types both when compared to Tr and Mt PT and T BM fluids. Discrepancies with the
literature data are due to the different PSEP measurement techniques, the study population
(extremely PT vs. moderate and late PT infants), and monitoring time-points used [35]. The
pattern of increased BM PSEP levels in PT born by VD and CS than T ones warrants further
consideration. On the one hand, labor is associated with an increased immune response
activation [36], whereas the increase in the immune factor in PT mother’s milk after labor
could be a compensatory mechanism aiming to protect the immature infant [29].

4.4. PSEP BM and Gender

In the present series, we found that BM PSEP levels are gender dependent with higher
Mt protein” levels in PT males than females. To the best of our knowledge, the finding
constitutes the first observation in this setting offering additional support to sex-related
differences in the perinatal period [37]. Indeed, the higher impact of prematurity on male
compared to female infants has also been demonstrated, as well as diversity in whole
organ development [29]. The possibility that the higher Mt PSEP levels detected in PT
male infants could be related to a pathophysiological cascade of events involving preterm
labor, inflammation, and mammary gland PSEP over-release is, therefore, consistent. Thus,
differences in the immune system will be included in a broader study aimed at investigating
gender-related prenatal whole organ development.

4.5. Study Limitation

Lastly, the present study had a number of limitations such as (i) the small sample
size, (ii) the lack of potential effects of maternal diseases on BM PSEP levels, and (iii) the
potential bias due to maternal dietary regimen and pro-biotic supplementation on BM
PSEP levels.

5. Conclusions

In conclusion, the present results showing the presence at high levels of PSEP in BM
and its sub-types point to the protein’s potential antimicrobial role in the perinatal protec-
tion/development of the maternal-newborn dyad. Notably, the detection of high PSEP
levels in PT C suggests its potential for early diagnostic use in neonatal care settings. Future
studies should investigate the longitudinal effects of PSEP levels on infant health outcomes
and the potential for integrating PSEP monitoring into routine neonatal screenings.
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