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This publication collates the proceedings of the ABREAST Conference held on 10
November 2023 in Perth, Australia.

The ABREAST Conference showcases the significant steps taken in advancing human
lactation research. The collaboration between the ABREAST Network and the Geddes
Hartmann Human Lactation Research Group, as well as the launch of The University
of Western Australia’s Centre for Human Lactation Research and Translation, reflect a
commitment to promoting knowledge, innovation, and positive impacts in the field.

The conference featured keynote speakers from Australia, the United States of Amer-
ica, and the United Kingdom, providing a global perspective and contributing to a diverse
and comprehensive exploration of topics related to human lactation. The range of research
topics covered, from breastfeeding after Caesarean birth to milk composition and pro-
duction, colostrum, human milk, allergy prevention, and the impact of milk on infant
growth and development, illustrated a holistic approach to understanding and supporting
breastfeeding.

The ABREAST Network emphasises inclusivity, diversity, passion, and innovation in
lactation research, demonstrating a commitment to making a positive difference in the lives
of mothers, infants, and communities worldwide. The interactive, hybrid platform pro-
vided by the ABREAST Conference has successfully created an environment for researchers,
students, clinicians, and the community to exchange knowledge and insights.

The conference was well received, with a total of 161 registrations; 30 manuscripts,
including invited and keynote speakers, were considered and accepted for presentation,
and 23 manuscripts were published. This publication will serve as a valuable resource for
those interested in advancing their understanding of human lactation.
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Overall, the ABREAST Conference was a successful and impactful event, fostering
collaboration, knowledge exchange, and the advancement of research in the field of human
lactation.
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Abstract

Immediate Point-of-Care Testing of Breastmilk Sodium and
Potassium Concentrations in Women with Mastitis †

Emma L. Heron 1,2,*, Ching Tat Lai 1,3,4, Leanda J. McKenna 2, Adelle M. McArdle 5 and Donna T. Geddes 1,3,4

1 School of Molecular Sciences, The University of Western Australia, Crawley, WA 6009, Australia;
ching-tat.lai@uwa.edu.au (C.T.L.); donna.geddes@uwa.edu.au (D.T.G.)

2 School of Allied Health, Curtin University, Bentley, WA 6102, Australia; l.mckenna@curtin.edu.au
3 ABREAST Network, Perth, WA 6000, Australia
4 UWA Centre for Human Lactation Research and Translation, Crawley, WA 6009, Australia
5 Monash Rural Health, Monash University, Churchill, VIC 3842, Australia; adelle.mcardle@monash.edu
* Correspondence: emma.duff@postgrad.curtin.edu.au
† Presented at the Australian Breastfeeding + Lactation Research and Science Translation Conference

(ABREAST Conference 2023), Perth, Australia, 10 November 2023.

Abstract: Sodium (Na) and potassium (K) concentrations in breastmilk are often used as biomarkers
to define mastitis in lactating women and can be measured with small portable point-of-care ion-
selective electrodes (ISEs). The aim of this study was to test the ISEs at the point of care for accuracy
and acceptability in women with mastitis. Up to 5 mL of expressed breastmilk from the affected breast
of 43 women with mastitis was collected at three timepoints (day 1, 3, and 10). Immediate Na and K
ISE testing was later compared to the laboratory measure of inductively coupled plasma–op-tical
emission spectrometry (ICP-OES). The results revealed a statistically significant difference in Na
and K concentrations between the point-of-care and laboratory testing (both p = 0.001, Wilcoxon
signed-rank test); however, the difference was not statistically significant when compared for Na:K
ratio (p = 0.49, Wilcoxon signed-rank test). The Bland–Altman limits of agreement were acceptable,
with the majority of measurements lying within two standard deviations of the mean (Na: 94%;
K: 95%; and Na:K: 96%). The testing techniques were significantly correlated for Na (R2 = 0.79,
p = 0.001) and Na:K (R2 = 0.99, p = 0.001). Overall, participants rated the ISE point-of-care testing
as very acceptable. In conclusion, immediate ISE point-of-care testing for breastmilk Na:K ratio in
women with mastitis is clinically accurate and acceptable.

Keywords: breastmilk; biomarkers; sodium; potassium; ion-selective electrode; point-of-care; induc-
tively coupled plasma–optical emission spectrometry; lactation; mastitis; breast inflammation

Author Contributions: Conceptualization, E.L.H., L.J.M., A.M.M. and D.T.G.; methodology, E.L.H.,
C.T.L., L.J.M. and D.T.G.; validation, E.L.H. and C.T.L.; formal analysis, E.L.H. and C.T.L.; inves-
tigation, E.L.H.; resources, C.T.L. and D.T.G.; data curation, E.L.H. and C.T.L.; writing—original
draft preparation, E.L.H. and C.T.L.; writing—review and editing, E.L.H., C.T.L., L.J.M., A.M.M. and
D.T.G.; supervision, C.T.L., L.J.M., A.M.M. and D.T.G.; funding acquisition, E.L.H. All authors have
read and agreed to the published version of the manuscript.

Funding: This research was funded by Mercy Health Small Grants 2021/2022 and 2022/2023. Author
and Ph.D. candidate, E.H., received an Australian Government Research Training Program Scholar-
ship (https://www.dese.gov.au/research-block-grants/research-training-program). The funders
had no role in the design of the study; in the collection, analyses, or interpretation of data; in the
writing of the manuscript; or in the decision to publish the results.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Mercy Health Human Research Ethics Committee (2021-007, 6
May 2021).
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Abstract

Human Milk Microbiome Is Altered in Mothers with
Gestational Diabetes Mellitus †

Sophie A. Hughes 1,2,3,4, Sharon L. Perrella 1,2,3, Demelza J. Ireland 4, Donna T. Geddes 1,2,3

and Lisa F. Stinson 1,2,3,*

1 School of Molecular Sciences, The University of Western Australia, Crawley, WA 6009, Australia;
22876633@student.uwa.edu.au (S.A.H.); sharon.perrella@uwa.edu.au (S.L.P.);
donna.geddes@uwa.edu.au (D.T.G.)

2 ABREAST Network, Perth, WA 6000, Australia
3 UWA Centre for Human Lactation Research and Translation, Crawley, WA 6009, Australia
4 School of Biomedical Sciences, The University of Western Australia, Crawley, WA 6009, Australia;

demelza.ireland@uwa.edu
* Correspondence: lisa.stinson@uwa.edu.au
† Presented at the Australian Breastfeeding + Lactation Research and Science Translation Conference

(ABREAST Conference 2023), Perth, Australia, 10 November 2023.

Keywords: gestational diabetes mellitus; human milk microbiome; body mass index; milk production

Gestational diabetes mellitus (GDM) is a metabolic disease of pregnancy that is associ-
ated with alterations in the maternal and infant gut microbiota. The intake of human milk
shapes the infant gut microbiome; however, to date, only one small study has investigated
the impact of GDM on the milk microbiome. Therefore, we aimed to add more robust
data to this field by characterising the human milk microbiome of mothers with GDM and
without GDM over the first 6 weeks postpartum. Given the relationships between body
mass index (BMI) and milk production with GDM, our secondary aims examined rela-
tionships between maternal BMI, milk production and the milk microbiome. Eighty-three
mothers were included in the analysis (forty-three with GDM and forty without GDM).
Participants measured their milk production at 3 weeks postpartum by test weighing their
infants before and after each feed over 24 h and supplied milk samples at 1, 3 and 6 weeks
postpartum. Full-length 16S rRNA gene sequencing was performed. Milk from mothers
with GDM had a higher alpha diversity than milk from mothers without GDM (richness,
p = 0.026; Shannon diversity, p = 0.044). Beta diversity differed between the two groups
(PERMANOVA, p = 0.034). At the OTU level, the composition of the milk microbiome
varied significantly based on GDM status and maternal pre-pregnancy BMI. Mothers with
GDM were more likely to have low milk production (<600 g/24 h; p = 0.018). However, the
milk microbiome was not associated with milk production. This study contributes further
to our understanding of differential microbiome outcomes in relation to GDM.

Author Contributions: Conceptualization, L.F.S., S.L.P. and D.T.G.; methodology, L.F.S.; formal
analysis, S.A.H.; investigation, S.A.H.; resources, D.T.G.; data curation, S.L.P. and S.A.H.; writing—
original draft preparation, S.A.H.; writing—review and editing, L.F.S. and D.T.G.; visualization,
S.A.H.; supervision, L.F.S., D.T.G. and D.J.I.; funding acquisition, D.T.G. All authors have read and
agreed to the published version of the manuscript.

Funding: This research was funded by an unrestricted research grant from Medela AG (Switzerland).

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and was approved by the Human Research Ethics Committee of The University of Western
Australia (RA/4/20/5657).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.
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The human milk microbiota play an important role in mammary and infant health.
However, there are limited data describing the composition and temporal variation in the
milk microbiota beyond the first few months. Therefore, this study aimed to characterise
the development of the human milk microbiota over the first two years postpartum and to
investigate the factors that influence its composition. We performed full-length 16S rRNA
gene sequencing on 608 samples collected from 86 mothers in the BLOSOM birth cohort.
Similar to other populations, the milk microbiota of Western Australian women was low
in diversity, and strongly dominated by Staphylococcus and Streptococcus species (14.95%
and 39.04% relative abundance, respectively). Milk bacterial richness increased over time
(p = 0.004), and there were significant changes in the abundances of 7 of 18 of the most abun-
dant taxa over time. The composition of the milk microbiota was associated with numerous
maternal and infant factors including infant age, maternal or infant antibiotic exposure,
maternal probiotic use, parity, mode of delivery, and pre-pregnancy BMI (all p < 0.039).
Our data provide new insights into how the human milk microbiota develop beyond the
first few months and determinants of the milk’s bacterial composition, demonstrating that
the milk microbiota are dynamic over time in the first two years postpartum.
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Abstract: Mastitis is an inflammatory condition of the breast, with or without accompanying infection.
The recent release of the revised Academy of Breastfeeding Medicine protocol on mastitis (Clinical
Protocol #36) has caused controversy within the field. The updated protocol positions multiple typical
human milk commensal bacteria as causative agents of mastitis. However, data to support these
relationships are lacking. Here, we critically review human and animal evidence for the role of the
milk microbiota in mastitis. Only three metataxonomic/metagenomic studies have characterized
the human milk microbiome in cases of mastitis. These studies consistently report reduced alpha
diversity and elevated levels of Staphylococcus aureus in mastitic milk samples; however, the remaining
findings presented are conflicting and inconsistent. Collectively, the three studies included 45 sub-
acute mastitis cases, 24 acute mastitis cases, and 52 healthy controls, and are thus limited by low
participant numbers. In addition, the studies vary in their definition of sub-acute/acute mastitis, their
methodologies, and antibiotic exposure in the mastitic groups. Further, these studies provide data on
the state of the microbiome during mastitis, with no data currently available on the milk microbiome
preceding the onset of mastitis. These kind of longitudinal data are critical to identify candidates for
disease causation. Emerging evidence from animal models is suggestive of the involvement of the
gut microbiota. Studies have reported that fecal microbiota transplantation from mastitic cows to
germ-free mice results in mastitis symptoms. Future studies should therefore consider the maternal
microbiome more broadly when assessing the etiology of mastitis. While S. aureus is frequently
recognized as a mastitis-related pathogen, data from culture-based and culture-independent studies
demonstrate that this species is present in healthy women and cannot be detected in a significant
portion of cases. This suggests heterogenous causes for bacterial mastitis, necessitating broader
screening. Overall, data in this field are sparse, and current clinical guidelines lack high-quality
evidence to support them. There is therefore a pressing need for further research in this area to better
characterize the causes of mastitis and thereby underpin future therapeutics.

Keywords: mastitis; microbiome; breast inflammation; breast infection
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It is estimated that 5–10% of breastfeeding mothers are unable to produce enough
milk for their infants. Causes of low milk supply are multifactorial, including factors such
as gene mutations, endocrine disorders and infrequent milk removal. All these factors
affect the normal function of the mammary gland and potentially the concentrations of
human milk components. Therefore, an array of milk components may act as biomarkers
for the detection of low milk supply. Various biochemical assays were used to measure an
array of milk components (fat, total protein, casein, whey, lactose, citrate, calcium, copper,
iron, potassium, magnesium, sodium, phosphorous and zinc) in 48 women with low milk
supply (<600 mL/24 h) and 65 with normal milk supply (>600 mL/24 h). Univariable
linear regression and correlation analysis were used to examine associations between milk
component concentrations and milk supply. The dataset was then randomly split into a
training set (70%) and a test set (30%). Multivariable logistic regression with the training
set was used to develop prediction models with various combinations of milk component
concentrations, and the test set was used to validate the predictivity of these models.

Univariable linear regression showed that concentrations of fat (p = 0.039), total protein
(p = 0.002), whey (p = 0.001), potassium (p = 0.02), sodium (p = 0.001) and zinc (p = 0.001)
and the Na:K ratio (p = 0.008) were significantly different between samples from low-
and normal-milk-supply mothers. In addition, total protein, casein, whey, lactose, citrate,
calcium, potassium, sodium, phosphorous, zinc and the Na:K ratio were strongly correlated
with each other (r > 0.6 or r < −0.6). The predictive model with fat content as the sole
predictor had an accuracy of 61%, precision of 80% and recall of 52%, while the model
with fat, total protein and lactose as predictors had an accuracy of 53%, precision of 100%
and recall of 33% in predicting low milk supply. Further, the model with only sodium and
potassium had an accuracy of 64%, precision of 80% and recall of 50%. The best predictive
model included all measured milk components, and had an accuracy of 79%, precision of
84% and recall of 76% in predicting low milk supply.

These preliminary findings suggest that differences in milk composition between
women with low and normal milk supply have the potential to be used in testing for the
detection of low milk production.
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Abstract: Staphylococcus aureus is a bacterium found in the milk of up to 38% of healthy lactating
mothers; however, S. aureus is isolated with increased frequency from colostrum and mastitis milk.
Both of these milk types have lower lactose concentrations compared to mature milk from healthy
lactating mothers, which may indicate that lactose has a role in determining whether S. aureus can
survive in human milk. The aim of this study was (1) to investigate whether the presence of S. aureus
in human milk is associated with the milk’s lactose concentration, and (2) to determine whether
different lactose concentrations can affect the ability of S. aureus isolates to grow in vitro. Human
milk samples were collected at 10 weeks postpartum from mothers participating in the Drakenstein
Child Health Study (Cape Town, South Africa) and underwent NMR spectroscopy to determine their
metabolome. A subset of these samples (n = 117) was cultured to isolate S. aureus. Milk samples with
lactose concentrations of less than 166 mM were more likely to have S. aureus present, compared
to samples with lactose concentrations of over 166 mM (p < 0.001). In vitro, the growth of S. aureus
was negatively correlated with the lactose concentration of axenic culture. Lactose concentrations
associated with human milk appear to have an inhibitory effect on the growth of S. aureus human
milk isolates. Therefore, low-lactose human milk could potentially be a risk factor for increased
S. aureus growth and the development of S. aureus-associated mastitis.
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As some of the most common chronic diseases globally, allergic diseases have been
associated with the gut microbiome composition of both children and adults. The hu-
man milk microbiome has been proposed as a potential mediator in infant microbiome
development; however, no studies have explored the human milk microbiome specifically
in allergic women. This study aimed to investigate the determinants of the human milk
microbiome in allergic women. Milk samples from the Infant Fish Oil Supplementation
Study (IFOS; Australian Clinical Trials Registry ACTRN12606000281594) were collected at
three (n = 229) and six (n = 171) months postpartum from women, who all had at least one
allergic disease (e.g., asthma, allergic rhinitis). Full-length 16S rRNA gene sequencing was
utilised to characterise the milk microbiome. Differences in alpha diversity and microbiome
composition were assessed by linear mixed models, while beta diversity was assessed by
PERMANOVA. The season of infant birth had the strongest relationship with the milk
microbiome, with significant associations with beta diversity (p = 0.001) and 10 out of the
19 most abundant OTUs (>0.1% relative abundance). The milk microbiome composition
was also significantly associated with the delivery mode, feeding status, parity, infant age,
infant sex, maternal age, passive smoke exposure, and pets at home, aligning with previous
findings from non-allergic women. Maternal allergy type was also significantly related to
the composition of the milk microbiome. This study investigated the human milk micro-
biome in allergic mothers, revealing the season of infant birth as potentially the strongest
influencer, along with associations between maternal, infant, and environmental factors.
These findings suggest an interaction between season and maternal allergic diseases, which
influences the microbiome.
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Arginine can be metabolized into nitric oxide, polyamine, creatine, or agmatine, and
each of those metabolites has several biological functions. Arginine has been shown to
play an important role in the regulation of metabolism, immune function, and hormone
secretion in mammals. The present study tested the hypothesis that arginine could be
beneficial to milk supply by enhancing the efficiency of nutrient utilization. Using lactating
cows as the study model, we found that supplementation with arginine via a jugular vein
increased the daily milk yield, milk protein yield, and milk fat yield. The supplementation
had no effect on the feed intake or the digestibility of dry matter, crude protein, or ether
extract. The urea nitrogen in serum, urine, and milk was lower in cows that were infused
with arginine, indicating a better utilization of nitrogen in the cows that were supplied
with extra arginine. The underlying cause of these changes may have been the elevated
serum nitric oxide (a potent vasorelaxant in mammals), stimulating mammary blood flow
and the supply of amino acids, fatty acids (FAs), and glucose to the mammary gland in the
cows that were infused with arginine. Furthermore, the expression of genes that code for
amino acid transporters (SLC7A2 and SLC7A8), and enzymes involved in the biosynthesis
of FA (ACACA) and triglycerides (SCD), and FA desaturation (DGAT1) were higher in the
mammary gland of cows that were infused with arginine. As a result, the de novo synthesis
of FA and casein in the mammary gland were enhanced in the cows that were supplied
with extra arginine. Taken together, the available data suggest that the positive effect of
arginine on milk supply was caused by a combination of more blood flow via nitric oxide
and a direct effect of arginine on the expression of genes that code for proteins that are
involved in the synthesis of milk protein and milk fat.
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Wearable pumps have been designed to improve convenience and maximize flexibil-
ity whilst pumping and are reported to benefit lactating health professionals when they
return to work [1]. However, their performance in regard to efficacy, comfort and ease
of use is rarely evaluated. One recent study reported on the efficacy and comfort of an
experimental hands-free, in-bra, breastmilk collection pump set (IBCPS) connected to a
personal use double electric breast pump [2], now available as a Freestyle Hands-Free
Breast Pump. Applying the IBCPS resulted in efficient and effective breast emptying with
good comfort ratings. We present a further evaluation of its mobility, convenience, and ease
of use as rated by participants. Twenty-three lactating mothers 1–6 months postpartum
participated in this cross-sectional study. Mothers completed one pumping session with
IBCPS where both breasts were pumped simultaneously using the participant’s maximum
comfortable vacuum for a period of 15 min of expression after the first milk ejection. Mo-
bility testing was conducted throughout a series of positions (whilst walking, reaching
up with arms stretched, and leaning over) during the expression phase of pumping, and
participant satisfaction and confidence, and comparison to home pump questionnaires
were completed. A scale from 1 to 5 was used to rate the participants’ degrees of comfort,
confidence, satisfaction and ease of use, general pumping experience and likelihood of
multitasking when using the pump. A rating of 1 indicated very comfortable, confident,
satisfied, very easy to use, very good and very likely; and 5 indicated very uncomfort-
able, absolutely not confident, very unsatisfied, very difficult to use, very bad and very
unlikely. The results are presented as mean and standard deviation values and minimum–
maximum values, which generally were between 1 and 3, unless specifically reported.
During the pumping session, the mean initial, mid pumping and final comfort levels were
1.9 ± 0.6, 1.8 ± 0.7 and 1.9 ± 0.8, respectively [2]. Mothers’ confidence in pumping while
walking was 1.4 ± 0.6, 1.5 ± 0.7 for reaching up, and 1.9 ± 1.0 (1–4) for leaning over.
Satisfaction with the amount of expressed milk was 1.9 ± 1.2, with comfort 1.4 ± 0.6, with
collection pump set fit in the bra 1.7 ± 0.7, with the bra shape with pump set in it 1.5 ± 0.8,
with pump set weight in the bra 1.0 ± 0.2 (1–2) and with applied vacuum 1.4 ± 0.7. Mothers
found the IBCPS easy to use, to connect and place in the bra (1.9 ± 0.9 (1–4)), to align the
nipple (1.7 ± 0.8), to remove the pump set from the bra (1.6 ± 0.7) and to pour milk from
pump set into the bottle (1.4 ± 0.6). The mothers rated overall pumping experiences with
IBCPS as very good (1.4 ± 0.5 (1–2) and indicated that they would be very likely to multitask
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when using the IBCPS (1.4 ± 0.6). When comparing the IBCPS to their home pumps, the
mothers liked IBCPS more (1.4 ± 0.7) and rated it as more effective (2.2 ± 1.1 (1–5)), more
comfortable (2.0 ± 0.9 (1–4)) and generally better than their home pumps (2.1 ± 1.0 (1–4)).
Overall, the mothers rated pumping experience with IBCPS as satisfactory, comfortable
or better and they found the pump easy to use and liked the hands-free aspect and the
mobility. These findings further support the use of wearable pumps to allow for maximal
flexibility for mothers that wish to combine their lactation and career goals.
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Nutrition contributes to bone mineral density (BMD) and plays a role in bone growth
during infancy and childhood. However, the published relationships between breastfeeding
exposure and BMD in infancy, childhood and adult life are not consistent. This cross-
sectional study examined relationships of both breastfeeding duration and time of solid
food introduction, with BMD in young Asian children from the Growing up in Singapore
Towards healthy Outcomes (GUSTO) cohort.

Six-year-old children that were born healthy at term with available dual-energy X-ray
absorptiometry (DXA) lumbar spine (LS) scans and data on the duration of any breast-
feeding were included in the analysis (n = 207; 103 boys, 104 girls; 110 Chinese, 34 Indian
and 63 Malay). LS bone mineral apparent density (BMAD), i.e., volumetric BMD, was
estimated according to the published equation based on bone mineral content (BMC) and
bone area from L2 to L4 (BMC/Ap

3/2) [1]. Outcomes in univariable and multivariable
linear regression models included areal BMDLS (aBMDLS) and BMADLS (to take account of
bone size in growing children), and the standard deviation scores ZLS-BMAD and ZLS-aBMD.
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Covariates adjusted for were maternal ethnicity, pre-pregnancy BMI, child’s sex and both,
child weight, and physical activity at 6 years of age.

Only 11 children were not breastfed, with the rest breastfed on average for
7.6 ± 11.5 (0.0–54.8) months. At 6 years of age, no significant difference in BMDLS was
detected by maternal ethnicity. Boys had lower BMDLS compared to girls (aBMDLS: −0.025
(95% CI: −0.040, −0.010; p = 0.002) g/cm2; ZLS-aBMD: −0.436 (95% CI: −0.704, −0.168;
p = 0.002) g/cm2; BMADLS: −0.008 (95% CI: −0.011, −0.005; p < 0.0001) g/cm3; ZLS-BMAD:
−0.621 (95% CI: −0.882, −0.360; p < 0.0001) g/cm3). In the univariable model, children
with longer breastfeeding duration had significantly lower aBMDLS, but not BMADLS
(aBMDLS: −0.0007 (95% CI: −0.001, −1.575; p = 0.045) g/cm2; ZLS-aBMD: −0.012 (95% CI:
−0.024, −0.0003; p = 0.045) g/cm2). In the analysis stratified by sex, the association with
breastfeeding duration was significant only for girls and only for aBMDLS (aBMDLS: −0.001
(95% CI: −0.002, −0.0001; p = 0.037) g/cm2; ZLS-aBMD: −0.018 (95% CI: −0.035, −0.001;
p = 0.037) g/cm2). Adjusting for covariates resulted in no significant relationships with
breastfeeding duration.

The average time of solid food introduction was reported as 5.5 ± 1.2 months (3.0–10.0;
n = 188; 93 boys, 95 girls). No significant relationship with time of solid food introduction
was found in the entire group in both the univariable and adjusted models. However, in
stratified analysis, boys with later solid food introduction had lower BMDLS (aBMDLS:
−0.009 (95% CI: −0.018, −0.0006; p = 0.037) g/cm2; ZLS-aBMD: −0.166 (95% CI: −0.321,
−0.010; p = 0.037) g/cm2; BMADLS: −0.003 (95% CI: −0.005, −0.0006; p = 0.011) g/cm3;
ZLS-BMAD: −0.205 (95% CI: −0.360, −0.050; p = 0.010) g/cm3). These relationships persisted
when adjusting for covariates.

Breastfeeding duration and time of solid food introduction may have a long-term
impact on bone mineralization in young children. However, a more precise quantitative
approach when measuring breastfeeding exposure, such as 24 h infant milk intake and
intake of milk components, would be prudent. Understanding the factors influencing bone
remodeling during these periods of rapid skeletal growth is important for determining
effective interventions to enhance bone development in vulnerable infants and children.
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Abstract: Animal models show a more rapid mammary gland response and more milk with subse-
quent lactations, as well as impairment of lactation performance by obesity. Whilst maternal obesity
is linked to reduced breastfeeding initiation, breastfeeding confidence, and duration as well as early
introduction of formula, maternal adiposity, breast anatomy and milk production (MP) have not been
assessed in this population. Thirty-four lactating mothers 1–6 months postpartum and with BMI
range of 17–35 kg/m2 participated in this study. We conducted ultrasound examination imaging to
assess breast anatomy. The amount of glandular tissue (glandular tissue representation (GTR)) was
classified as low, moderate, or high. Number and diameters of milk ducts as well as mammary blood
flow (the resistive index) were measured. Maternal bra cup volume was calculated from current
bra size. Maternal body composition was measured with bioimpedance spectroscopy. Mothers
completed a questionnaire regarding their medical, obstetric and lactation history, and conducted a
24 h MP study to enable calculation of total volume, average and maximum feed volumes and breast
storage capacity (24 h MP parameters). For statistical analysis, we used the correlation networks
method (directions of multiple significant correlations are reported). Correlation networks show
that pathways culminating in either high or low MP start as early as puberty. In this study, later
menarche correlates with the absence of breast growth during both puberty and pregnancy, which
further correlate with lower numbers of ducts and smaller diameters. Higher maternal adiposity
correlates with larger bra cup volume (both correlate with absence of breast growth during pregnancy
and low GTR) and lower 24 h MP parameters. Larger numbers of ducts and duct diameters correlate
with higher parity and longer durations of previous lactations, and higher 24 h MP parameters.
Mammary blood flow shows no correlations. Findings from this cross-sectional study corroborate
animal studies showing that a number of modifiable and non-modifiable maternal factors may impact
breast development and MP. Further research may inform interventions, such as maintaining healthy
adiposity not only during pre-conception, pregnancy, and lactation, but as early as childhood and
potentially infancy. Moreover, the results provide rationale for antenatal lactation assessment of
women and intervention in high-risk mothers to ensure they reach their full lactation potential.

Keywords: breastfeeding; lactation; milk production; breast anatomy; body composition; glandular
tissue; milk ducts; ultrasound
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Breastfeeding women who pump their milk report that pumping is time-consuming [1]
and interferes with mothering and other activities [2], and so there is high interest in
effective wearable pumps. A recent study reported on the efficacy and comfort of an
experimental hands-free, in-bra, breastmilk collection pump set (IBCPS) connected to a
personal-use double electric breast pump (Freestyle), now available as the Freestyle Hands-
Free Breast Pump [3]. Applying the IBCPS resulted in efficient and effective breast emptying
with good comfort ratings. However, the performances of these two pump sets regarding
efficacy, comfort, and pumping experience were not compared. This study focused on
the data from a subset of participants that also completed the reference (Freestyle with a
traditional shield) pumping session.

Twenty-one lactating mothers 1–6 months postpartum completed two pumping ses-
sions with Freestyle, one using a traditional shield pump set and one with IBCPS. During
the sessions, both breasts were pumped simultaneously (n = 42 sessions) using the partici-
pant’s maximum comfortable vacuum for a period of 15 min of expression after the first
milk ejection. Milk output was measured together with time to milk ejection and maternal
comfort. A scale from 1 to 5 was used to rate participants’ degrees of comfort and pumping
experience perception in comparison with mothers’ home pumps. A rating of 1 indicated
(a) very comfortable and (b) much more comfortable, much more effective, much more
likable, and much better compared with their home pump. A rating of 5 indicated (a)
very uncomfortable and (b) much more uncomfortable, much more ineffective, much more
unlikable, and much worse compared with their home pump. Mothers completed a 24 h
milk production profile to allow the percentage of available milk removed to be calculated.
Statistical analysis used linear mixed modelling accounting for degree of fullness of the
breast pre-pumping, session, and a random effect of mother.

There was no significant difference between the two test conditions for volume of
milk removed (IBCPS: 69 ± 39 g; Traditional: 69 ± 39 g), degree of fullness of the breast
post-expression (IBCPS: 0.08 ± 0.13; Traditional: 0.08 ± 0.13), and percentage of available
milk removed (IBCPS: 80 ± 57%; Traditional: 73 ± 28%). No significant difference in
milk removal rate was seen (IBCPS: 4.7 ± 2.5 g/min; Traditional: 4.6 ± 2.7 g/min). How-
ever, time to milk ejection (by observation) was significantly shorter with IBCPS (IBCPS:
0.89 ± 0.28 min; Traditional: 1.25 ± 0.68 min, p = 0.002). Further, no significant differences
were seen in nipple temperature changes (from pre- to post-pumping, IBCPS: −0.5 ± 1.1 ◦C;
Traditional: −1.0 ± 1.1 ◦C), and initial comfort (IBCPS: 1.9 ± 0.6; Traditional: 2.1 ± 0.9),
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mid-pumping comfort (IBCPS: 1.9 ± 0.7; Traditional: 1.8 ± 0.7), and final comfort (IBCPS:
1.9 ± 0.9; Traditional: 1.8 ± 0.7) during sessions. Mothers had positive comments for
IBCPS in general and compared with their home pumps. Most mothers found Freestyle
with IBCPS to be more comfortable compared with their home pumps (IBCPS: 2.1 ± 0.9;
Traditional: 2.8 ± 0.8, p < 0.001), though they did not rate it as effective as Freestyle with
traditional shields (IBCPS: 2.3 ± 1.1; Traditional: 2.1 ± 0.9, p < 0.001). Mothers liked the
in-bra, hands-free aspect better than the traditional (IBCPS: 1.4 ± 0.7; Traditional: 2.4 ± 0.9,
p < 0.001) but did not think IBCPS was generally better than the Traditional pump set
(IBCPS: 2.2 ± 1.0; Traditional: 2.6 ± 0.8) when compared to their home pumps.

Use of the IBCPS resulted in efficient and effective breast emptying without compro-
mise in comfort. Mothers rated the IBCPS experience as comfortable and liked the in-bra,
hands-free aspect and associated mobility. These findings indicate that use of effective and
comfortable wearable pumps may assist women in supporting lactation while meeting
their personal and career goals.
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Abstract: Infants born sick or preterm and admitted to the neonatal intensive care unit (NICU) face
challenges to their sleep and the establishment of breastfeeding. The reported sleep patterns of NICU
graduates are conflicting, and there is evidence of bi-directional relationships between infant feeding
and sleep challenges and poor maternal mental health. A prospective observational longitudinal
cohort study was conducted on mothers of sick/preterm infants with ≥ 5 days admission to the NICU.
Participants were recruited at discharge, with follow up at 2 and 6 weeks, and 3, 6, and 9 months.
Infant sleep, settle and cry patterns, maternal bother with infant behaviours, and maternal confidence
were measured using the Sleep and Settle Questionnaire (SSQ). Feeding information was obtained,
and breastfeeding confidence was measured using the Breastfeeding Self-Efficacy Scale–Short Form
(BSES-SF). Our sample consisted of 94 mothers of 101 sick/preterm infants. The range of infant birth
gestations was 23–42/40 weeks, with n = 37 (36.6%) born < 33/40 weeks, n = 26 (25.7%) born at
33 to 36+6/40 weeks, and n = 38 (37.6%) born ≥ 37 weeks. The NICU length of stay was 5–173 days.
Linear mixed modelling was used to examine associations between maternal bother and infant
feeding and sleep variables. Night waking frequency (p < 0.001), durations of crying (day, evening,
night; all p ≤ 0.001), and durations of settling (evening, p = 0.010) were positively associated with
increased maternal bother scores. Maternal confidence was negatively associated with maternal
bother (p < 0.001). The median BSES-SF score at discharge was 59/70, with 49.5% of mothers no
longer breastfeeding by 6 months. Maternal bother did not differ according to feeding method
(p = 0.44), or birth gestation subgroup (i.e., born < 33 weeks, 33 to 36+6 weeks, or term sick) (p = 0.44).
Whether NICU infants were term sick or preterm was not associated with maternal concern with
infant sleep and settling patterns in the 9 months after hospital discharge. Mothers of sick/preterm
infants reported greater bother with increased night waking and longer durations of crying and
evening settling. The findings from this study can inform individualised anticipatory guidance and
support for this vulnerable population.

Keywords: infant sleep; sleep behaviours; preterm infants; neonatal intensive care; breastfeeding;
self-efficacy
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Low milk production poses a substantial challenge to exclusive and continued breast-
feeding, which affects 10–15% of lactating mothers. This study aimed to explore the
relationships between MP and both the maternal body mass index (BMI) and changes in
breast volume during pregnancy and lactation.

Lactating mothers at 1–6 months postpartum conducted 24 h MP measurements using
the test weighing method (n = 316; 74—low milk production (LMP), <600 mL; 242—normal
milk production (NMP), ≥600 mL). Demographic and obstetric data, including maternal
age, parity, infant sex, and birth mode, as well as pre-pregnancy and postpartum body mass
index (BMI) and bra size, were provided. Maternal breast volume (cm3) was calculated
based on both bra cup size and band size. Descriptive statistics, Student’s t-test, two-
proportion z-test, correlation analysis and multivariable linear regression models were
applied to elucidate maternal factors related to milk production.

The 24 h milk production in the LMP group was 466 ± 120 mL (80–599 mL) and
850 ± 191 mL (601–1682 mL) in the NMP group (p = 0.001). No significant differences
were found between the groups in pre-pregnancy BMI, postpartum BMI, and BMI change
(ΔBMI), as well as pre-pregnancy and postpartum breast volume, and breast volume
increase (Δ breast volume). Both pre-pregnancy and postpartum BMI were positively
correlated with pre-pregnancy and postpartum breast volume (r = 0.59–0.67, p = 0.001, for
all). There was a higher proportion of mothers with Δ breast volume < 200 cm3 in the
LMP group compared with the NMP group (63% (41/65) vs. 45% (91/204), respectively,
p = 0.020). There was no difference in milk production between the LMP groups with
Δ breast volume < 200 cm3 and Δ breast volume > 200 cm3. However, mothers in the
LMP group with Δ breast volume < 200 cm3 had lower milk production compared to
both the NMP group with Δ breast volume < 200 cm3 (mean difference ± standard error:
379 ± 34 mL, p < 0.001) and NMP group with Δ breast volume > 200 cm3 (414 ± 33 mL,
p < 0.001). Similarly, the LMP group with Δ breast volume > 200 cm3 had a lower MP
compared to both the NMP group with Δ breast volume < 200 cm3 (343 ± 42 mL, p < 0.001)
and NMP group with Δ breast volume > 200 cm3 (377 ± 41 mL, p < 0.001). In addition,
mothers in the LMP group with Δ breast volume > 200 cm3 had a higher postpartum
BMI compared to both the NMP group with Δ breast volume < 200 cm3 (mean difference
4.1 ± 1.5, p < 0.033) and NMP group with Δ breast volume > 200 cm3 (mean difference
4.6 ± 1.5, p < 0.011).
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These preliminary results highlight the complex relationships between maternal BMI,
increase in breast volume and 24 h milk production, and suggest that BMI and breast
growth are potentially important indicators of milk production. Further investigations
of these inter-related factors may inform interventions aiming at achieving normal milk
production in women with higher adiposity.
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Abstract: Human milk (HM) components are highly variable, and infants consume different volumes
of milk. There has been little focus on evaluating the effectiveness of protocols in estimating infant
intake of milk components before studying their impact on infant outcomes. Our goal was to compare
24 h measured intake with estimated intakes from different sampling protocols in order to determine
the most accurate method for estimating infant intakes of milk leptin, adiponectin, insulin, glucose
and total lipids. Mothers of term infants (n = 20) collected pre- and post-feed samples and measured
their infant milk intake during each feed over a 24 h period using the test weighing method at
3–6 months postpartum. Infant true intakes of HM leptin, adiponectin, insulin, glucose and total
lipids were calculated by averaging the measured pre- and post-feed concentrations and multiplying
by the milk intake for the corresponding feed. Intakes were then summed to provide total intake of
each component over 24 h. The estimated intakes were calculated with concentrations determined
using five different sampling protocols, designed to be representative of sampling protocols used in
previous HM component studies: (a) morning pre-feed sampling, (b) morning post-feed sampling,
(c) average of morning pre- and post-feed sampling, (d) average of three pre-feed samples from
the morning (06:00–09:00), afternoon (13:00–16:00) and evening (19:00–22:00) and (e) average of six
pre- and post-feed samples from the morning (06:00–09:00), afternoon (13:00–16:00) and evening
(19:00–22:00). The concentration from each protocol was further multiplied by true measured intake,
a constant average intake of 800 mL/24 h and a global average milk intake of 766 mL/24 h to obtain
the estimated intakes (15 protocols). The average intake of HM was 791 ± 212 mL. Comparison
revealed that using the average measured concentration from three sets of pre- and post-feed samples,
taken in the morning (06:00–09:00), afternoon (13:00–16:00) and evening (19:00–22:00), multiplied
by either true infant 24 h measured intake, a constant estimate of milk intake (800 mL) or global
average of milk intake (766 mL) provided the most accurate estimation of the infant’s intake for all
components (p > 0.05). To obtain accurate estimates of HM leptin, adiponectin, insulin, glucose and
total lipid intake in the absence of 24 h sampling, it is recommended to use a sampling protocol that
involves taking samples before and after at least three breastfeeding sessions in a 24 h period.

Keywords: human milk; lactation; breastfeeding; leptin; adiponectin; insulin; glucose; fat; lipids;
dose; infant nutrition; human milk intake
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Abstract: Breastfeeding is particularly important for vulnerable preterm infants as it provides pro-
tection from infections and reduces newborn mortality. However, preterm infants are often too
immature to breastfeed after birth and may have medical conditions that require admission to the
neonatal nursery. The published literature on the development of preterm feeding skills has focused
mostly on bottle feeding. In order to better support breastfeeding after preterm birth, there is a need
for evidence on the development of breastfeeding skills in preterm infants. The aim of this study
was to examine breastfeeding skill development in a group of infants born at 25–33 weeks’ gestation.
Infants were assessed during weekly monitored breastfeeds from 33 weeks corrected gestational
age (CGA) using the Preterm Infant Breastfeeding Behaviour Scale (PIBBS), and milk transfer was
measured. Mothers rated PIBBS items—rooting, areolar grasp, latch to the breast, sucking, longest
sucking burst and swallowing—and clinical staff performed test weights. Pearson correlation was
used to assess changes in PIBBS scores items over time and associations between total PIBBS score
and milk transfer volume. Total PIBBS scores at 33, 34 and 35 weeks’ CGA were compared between
groups of infants born at <30/40 and 30–33/40 weeks using Student’s t-test. Our cohort consisted of
60 preterm mother–infant dyads recruited from the neonatal nurseries at King Edward Memorial
Hospital between February 2015 and February 2016. A positive trend was found between increasing
CGA and higher ratings for six PIBBS items: rooting (R2 = 0.08, F (1, 164) = 13.9, p < 0.001), areolar
grasp (R2 = 0.11, F (1, 164) = 21.0, p < 0.001), latching (R2 = 0.14, F (1, 164) = 27.5, p < 0.001), sucking
(R2 = 0.14, F (1, 164) = 27.1, p < 0.001), longest sucking burst (R2 = 0.17, F (1, 164) = 32.3, p < 0.001) and
swallowing (R2 = 0.14, F (1, 163) = 26.1, p < 0.001). A higher total PIBBS score was associated with a
higher milk transfer volume (mL) (R2 = 0.214, F (1, 164) = 44.8, p < 0.001). When compared to infants
born at 30–33 weeks’ gestation, infants born at 25–29+6 weeks’ gestation had similar PIBBS scores
at 33 weeks’ CGA (9.2 ± 3.6 vs. 9.5 ± 4.1, p = 0.83) and lower scores at 34 weeks’ CGA (9.2 ± 3.4
vs. 11.7 ± 4.3, p = 0.036) and 35 weeks’ CGA (12.3 ± 3.1 vs. 14.9 ± 3.5, p = 0.031). The development
of preterm breastfeeding skills advances from 33 weeks CGA with wide inter-individual variation
and slower progression observed in those born < 30 weeks’ gestation. Therefore, an individualised
approach to anticipatory guidance regarding breastfeeding progression during the neonatal nursery
stay is needed. Findings from this study can contribute to the formation of breastfeeding information
resources for clinical staff and parents of preterm infants.
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Abstract: Numerous factors not consistently identified in pregnancy are linked with decreased
breastfeeding exclusivity and durations. These factors may be considered in three domains: the
anatomical, metabolic, and psychosocial domains. As fundamental research into lactation has
increased, it is now often possible to identify or speculate the mechanisms by which these factors
potentially reduce milk production. The first domain describes the anatomical characteristics of
the breast, including intrinsic factors such as hypoplasia (underdevelopment), which may have a
genetic component and can be masked by breast augmentation surgery. Hypoplasia has long been
associated with the inability to make a full milk production that satisfyies the infant’s needs, although
it is not possible to predict a woman’s 24-h milk production so that appropriate complementary
feeds can be advised. Extrinsic causes such as breast reduction surgery impact the volume of
glandular tissue, thereby reducing the synthetic capacity of the breast. Whereas nipple piercings
may damage milk ducts, obstructing milk flow from the breast and thereby reducing milk supply
via the autocrine pathway. Various maternal metabolic disorders (intrinsic) comprise the second
domain, which includes conditions such as gestational diabetes mellitus, type 1 and 2 diabetes,
polycystic ovarian syndrome (often undiagnosed), and hypothyroidism. The aberrant levels of
hormones associated with these disorders, such as insulin, are also implicated in breast development,
raising the possibility of reduced mammary growth in pregnancy and, consequently, milk production.
Much more research is needed in this area, not only to understand mechanisms by which lactation
is impacted but also to identify the women at risk of reduced lactation capacity. The third and
final domain includes psychosocial issues such as short intended breastfeeding durations, a lack of
breastfeeding support, and maternal anxiety and depression. With respect to anxiety and depression,
their association with reduced breastfeeding is likely multifaceted, encompassing mood and the
potential biochemical changes associated with these states, such as lower levels of circulating oxytocin
and higher cortisol levels. Possessing a knowledge of the negative impacts of the intrinsic and
extrinsic factors within the maternal anatomical, metabolic, and psychosocial domains provides
the impetus for antenatal lactation screening. The antenatal identification of risk factors enables
anticipatory guidance and education during pregnancy, as well as early postpartum intervention
should breastfeeding issues occur.
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Abstract: Human milk contains macronutrients possibly affecting infant and early childhood growth.
Most studies suggest a sex-specific difference in macronutrient levels in favor of males, with a higher
energy content from fat, lactose, and protein. Further, macronutrient levels may differ according to
mixed or exclusive breastfeeding; however, the literature is inconsistent. Our aim was to investigate
sex-specific differences in macronutrient content in exclusively breastfed infants in a Danish child
cohort, and whether macronutrient levels differed between exclusive or mixed (breast and formula)
breastfeeding. Participants were part of the prospective birth cohort Odense Child Cohort. Baseline
characteristics were obtained from medical records. Weekly SMS questions were sent to the mothers
until the cessation of breastfeeding, asking whether they were breastfeeding and/or formula feeding.
Mothers delivered a milk sample at the planned 3–4-month examination of the infant. Macronutrient
analyses were performed on 182 samples using mid-infrared transmission spectroscopy (Miris
Human milk Analyzer). We included 150 mother–infant dyads with both macronutrient analysis,
and SMS data on breastfeeding. Baseline characteristics did not differ according to sex. The median
interquartile range (IQR) infant age at the time of sampling was 4.1 (3.7–4.5) months. A total of
39 males and 38 females were exclusively breastfed at the time of milk sampling, while 36 males and
37 females were mixed-fed. We found no significant sex-specific differences in macronutrients among
exclusively breastfed infants. The median (IQR) levels for males and females, respectively, were;
protein, 0.85 g/100 mL (0.77, 0.90), and 0.82 g/100 mL (0.80, 0.90), p = 0.91; lactose, 7.83 g/100 mL
(7.70, 7.95), and 7.73 g/100 mL (7.53, 7.90), p = 0.17; fat, 3.23 g/100 mL (2.07, 4.37), and 3.07 g/100 mL
(2.10, 3.60), p = 0.34; energy, 65.5 kcal/100 mL (54.17, 77.00), and 63 kcal/100 mL (56.00, 69.33), p = 0.13.
Further, we found no significant differences in macronutrient content in human milk samples from
exclusively versus mixed-feeding mothers either prior and after adjusting for confounders, p > 0.36.
This study does not confirm the previous findings of sex-specific differences in macronutrients in
human milk. It is still unknown if sex-specific formula products tailored to meet possible sex-specific
requirements can optimize child growth. Further research on this topic is needed.
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Abstract: Domperidone is a commonly prescribed galactagogue used off-label for lactation insuffi-
ciency. Prescriber unfamiliarity or safety concerns can lead to therapeutic delay and potential early
breastfeeding discontinuation. To facilitate access, the study site pharmacy department developed a
structured administration and supply arrangement (SASA) for International Board Certified Lactation
Consultants to screen and initiate domperidone using a checklist. The study aimed to validate a
domperidone screening tool via an analysis of its use and compliance. Records were extracted from
the RedCAP® database for the first 50 women with a documented domperidone supply and reviewed
against medical records. A staff survey was distributed assessing compliance and attitudes towards
the SASA. Records of supply from the RedCAP® database revealed 34% (17/50) of patients were
referred to a physician, revealing a discrepancy between RedCAP® reporting and checklists as no
referrals were documented. Overall staff satisfaction with the SASA was rated 4.6/5. In total, 77.7%
(7/9) felt confident counselling and supplying domperidone with the SASA in place, and 88.9% (8/9)
felt confident using the checklist to identify the appropriateness of therapy and referral to a physician.
Only 55.6% (5/9) indicated the checklist was used with each screening. The SASA education package
is being updated to clarify the requirements for checklist completion and standardise frameworks to
document follow-up.
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Caesarean birth is associated with suboptimal breastfeeding outcomes such as delayed
initiation, a higher incidence of difficulties and shorter duration when compared to vaginal
birth. Contributing factors may include post-operative pain and reduced mobility as well
as higher rates of maternal and infant health complications. Breastfeeding experiences may
also differ between women that have elective and non-elective caesarean births as well as
between primiparous and multiparous women. Exploration of women’s experiences of
establishing breastfeeding after caesarean birth is needed to better understand their needs.

A mixed-methods descriptive study was conducted using an anonymous online
questionnaire to determine Australian women’s experiences of establishing breastfeeding
in hospital and during the first 2 weeks at home after caesarean birth. Thematic analysis
of qualitative data was used to identify themes relating to breastfeeding establishment.
Inclusion criteria were birth at ≥37 weeks gestation within the previous 12 months, and
age ≥ 18 years.

Questionnaires were completed by n = 961 women that were 33.0 ± 6.2 years of age,
n = 480 (50%) primiparous, and 6.1 ± 4.3 months postpartum. Reported caesarean birth
types were non-elective, 42.9%; elective for medical indications, 39.5%; and elective by
maternal request, 17.6%. Initiation of breastfeeding occurred within an hour of birth for
n = 675 women (70.2%), and n = 771 (80.2%) breastfed their infant during the postnatal
ward stay. One third of women (n = 275, 32%) reported it was easy to pick up their baby
to breastfeed and half (n = 418, 49%) received conflicting information from hospital staff.
Qualitative themes relating to breastfeeding establishment included experiences of clinical
care, maternal expectations and difficulty in picking up the baby. Aspects of care found to be
helpful included midwives spending time with women to show and explain breastfeeding,
consistent advice and recognition of multiparous women that needed breastfeeding support.
Physical and emotional support of the partner was highly valued.

In the days following caesarean birth, women benefit from physical support in ac-
cessing the baby for breastfeeding, while availability and consistency of clinical lactation
support is vital. As the current global midwifery shortage poses challenges to staffing, in-
clusion of the partner in breastfeeding education and extension of their ‘visiting hours’ may
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improve breastfeeding support, while re-examination of the education of all postpartum
health care providers is needed to ensure consistent evidence-based lactation care.
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Abstract: Caesarean section birth (CS) accounts for 38% of Australian births and is known to nega-
tively impact breastfeeding exclusivity and duration. Comparison of breastfeeding outcomes between
elective (ELUSCS) and non-elective lower uterine segment caesarean section (NELUSCS) births is
needed to inform clinical care. Secondary analysis was performed on data from Australian women
who had birthed by CS within the previous 12 months and completed an anonymous online ques-
tionnaire. Women responded to items relating to CS birth type and feeding methods immediately
post birth, during the hospital stay and in the first 2 weeks at home. Self-reported pain at those time
points was rated using a scale of 0–10 with 0 indicating no pain and 10 indicating severe pain. Associ-
ations between CS birth type, pain scores and feeding methods were determined, and breastfeeding
prevalence at the time of survey completion examined. Our sample consisted of 851 women at
5 ± 3.5 months postpartum, of which 435 (51.1%) were primiparous and 362 (42%) had a NELUSCS
birth. Infants born by NELUSCS were more likely to receive formula (37.1% vs. 28.8% ELUSCS,
p = 0.024) and less likely to be breastfed (78.6% vs. 85.9% ELUSCS, p = 0.022) during the hospital
stay. During the 2 weeks after discharge, women who birthed by NELUSCS had higher mean pain
scores (6.5 vs. 4.6 ELUSCS, p < 0.001). Few women expressed and fed their milk in the weeks after
discharge, with higher rates seen after NELUSCS (7.7% vs. 3.5%, p = 0.017). Breastfeeding status
at study completion was not associated with CS birth type (19.6% ELUSCS vs. 19% NELUSCS,
p = 0.99). The study findings indicate that Australian women who give birth by NELUSCS are more
likely to experience breastfeeding challenges, with higher rates of infant formula supplementation
and a more painful recovery in the days and weeks after birth. In light of the higher postpartum pain
scores and lower rates of exclusive breastfeeding, women who birth by NELUSCS need additional
postpartum support.
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Abstract: Diet is a key factor that shapes the gut microbiome. Maternal diet has been proposed as
a potential modulator of the human milk microbiome. However, the effect of diet during lactation
on the maternal microbiota remains unclear. This study, therefore, set out to determine the effect
of a two-week reduced fat and sugar and increased fibre maternal dietary intervention on the
maternal faecal and milk microbiota. Faecal swabs and human milk samples were collected from
mothers (n = 11) immediately pre-intervention, immediately post-intervention, and 4- and 8-weeks
post-intervention, and were analysed using full-length 16S rRNA gene sequencing. The maternal
macronutrient intake was assessed across one week prior to the intervention using 24 h dietary
recall and during the intervention using FoodWorks 10 Software. The maternal fat and sugar intake
significantly decreased from pre-intervention (fat: 120.9 ± 39.4 g; sugar: 114.1 ± 40.9 g) to the first
(fat: 52.9 ± 4.3 g, p < 0.001; sugar: 83.2 ± 5.1 g, p = 0.005) and second week of the intervention
(fat: 52.3 ± 6.2 g, p < 0.001; sugar: 82.7 ± 6.5 g, p = 0.005). The dietary fibre intake significantly
increased from pre-intervention (28.8 ± 8.3 g) to the first week of the intervention (34.6 ± 2.8 g,
p = 0.012) but was not different in the second week of the intervention compared to pre-intervention.
Significant changes in the bacterial composition of maternal faeces were detected after the dietary
intervention, with decreases in the relative abundance of Bacteroides caccae and increases in the relative
abundance of Faecalibacillus intestinalis. In human milk, a significant increase in Cutibacterium acnes
and a decrease in Haemophilus parainfluenzae were detected. Significant differences in maternal faecal
and human milk bacterial composition were maintained 4 to 8 weeks after the intervention. This pilot
study demonstrates that short-term changes in maternal diet during lactation can alter the maternal
faecal and human milk microbiota.
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The early cessation of exclusive or any level of breastfeeding is often attributed to
low milk supply. While perceptions of low milk supply are not always correct, true
low milk supply may result from inadequate and infrequent milk removal, as well as
postpartum complications such as major postpartum haemorrhage. There is some evidence
of associations between certain anatomical and endocrine factors with shorter durations
of exclusive or any level of breastfeeding. Many of these factors are identifiable during
pregnancy, yet traditional models of maternity care typically do not consider lactation risk.
This study aimed to determine the prevalence of anatomical and endocrine lactation risk
factors and early breastfeeding outcomes in a cohort of Australian women.

De-identified antenatal lactation risk screening and infant feeding data were extracted
from clinical records at maternity clinics where lactation risk screening is routinely per-
formed. The following risk factors were recorded: pre-pregnancy body mass index (BMI,
with underweight, <18.5; with normal weight, 18.5–24.9; with overweight, 25.0–29.9; with
obesity, ≥30.0), breast growth in pregnancy, pre-existing diabetes, gestational diabetes
mellitus (GDM), breast hypoplasia, breast/nipple surgery, nipple piercing, polycystic ovary
syndrome (PCOS), thyroid disorder and pituitary disorder. “No lactation risk” was defined
as having a normal pre-pregnancy BMI and none of the listed risk factors. Feeding status at
6–8 weeks postpartum was classified as ‘fully breastfeeding’: no food or fluids other than
breast milk, ‘mixed feeding’ both breast and commercial infant formula milk or ‘formula
only’. The relative risk for fully breastfeeding at 6–8 weeks (in relation to women with no
antenatally identified risk factors) was calculated for each risk factor.

There were 581 records accessed, with complete breastfeeding screening data avail-
able for n = 408 and n = 160 missing one item (typically BMI or breast growth data).
Two-hundred forty-three women (48.5%) had no identified lactation risk factors, 97 (19%)
had one risk factor, and 161 (32%) had two or more risk factors. The most prevalent risk
factors were pre-pregnancy BMI ≥ 25.0 (220 (42%) with overweight or with obesity), no
breast growth 111 (24%), and GDM 66 (11%). Feeding outcome data were available for
n = 414. Of women with no antenatally detected lactation risk factors, 81 (77%) were
fully breastfeeding at 6–8 weeks postpartum. Relative risks of not fully breastfeeding at
6–8 weeks were obesity BMI (RR = 2.01 (1.44–2.81, p < 0.001)); overweight or obesity BMI
(RR = 1.74 (1.30–2.34, p < 0.001)), the presence of two or more risk factors (RR = 1.76
(1.33–2.32, p < 0.001) and BMI ≥ 25.0 together with GDM (RR = 2.18 (1.58–3.01, p < 0.001).
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Lactation risk factors may be identified in half of all pregnant women, so lactation risk
screening may offer an important strategy in providing targeted breastfeeding education
and support to optimise breastfeeding outcomes.
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