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Abstract

Objective—This narrative review examines six important non-nutritive substances in breastmilk,
many of which were thought to have little to no biological significance. The overall objective of
this narrative review is to provide background on key bioactive factors in breastmilk believed to
have an effect on infant outcomes (growth and body composition).

Methods—The evidence for the effects of the following six bioactive compounds in breastmilk
on infant growth outcomes are reviewed: insulin, leptin, adiponectin, ghrelin, interleukin-6 (1L-6)
and tumor necrosis factor a. (TNF-a).

Results—The existing literature on the effects of breastmilk insulin, ghrelin, IL-6 and TNF-a
and their associations with infant growth and adiposity is sparse. Of the bioactive compounds
reviewed, leptin and adiponectin are the most researched. Data reveals that breastmilk adiponectin
has negative associations with growth in infancy.

Conclusions—There is a need for innovative, well-designed studies to improve causal inference
and advance our understanding in the effects of breastmilk and its components on offspring growth
and body composition. The recommendations provided, along with careful consideration of both
known and unknown factors that affect breastmilk composition, will help improve, standardize and
ultimately advance this emergent field.
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INTRODUCTION

“Breastfeeding is an unequalled way of providing ideal food for the healthy growth and
development of infants” (World Health Organization) (1) and “one of the most highly
effective preventive measures a mother can make in protecting the health of her infant and
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herself is to breastfeed” (US Surgeon General, January 2011). Declarative, definitive
statements such as these carry much weight in setting both national and world health policy
for breastfeeding as a major protectorate against obesity. Unanimous support for
breastfeeding comes from the Center for Disease Control and Prevention (2), the World
Health Organization (3), the American College of Obstetricians and Gynecologists (4) and
the American Academy of Pediatrics (5), with Healthy People 2020 going as far as to
declare breastfeeding of national importance (6).

One of the most important purported benefits of breastfeeding is obesity prevention. The
case for breastfeeding as a means to reduce obesity risk is built upon seven systematic
review-meta analyses from 81 studies spanning four decades (1970 through 2010) (3, 7-12).
A recent review reported a reduction of 12% to 24% (odds ratio for becoming overweight/
obese 0.76 to 0.96) in the prevalence of overweight/obesity in children who were breastfed
compared to those who were not breastfed (12), supporting an earlier report by the American
Academy of Pediatrics (5).

The broad support by national organizations for the wide-ranging health benefits of
breastfeeding, coupled with specific claims about the benefits of breastfeeding for obesity
prevention, can make it appear as though breastfeeding’s effects on offspring overweight/
obesity are resolved (13). They are not. Several researchers have recently challenged claims
that breastfeeding is an effective tool for reducing obesity (14-16). A common critique of
the literature is the frequent failure of studies to control for important confounders, both
known (maternal body mass index (BMI), ethnicity, socioeconomic status) and unknown
(15). Many studies on the effects of breastfeeding are fundamentally limited in their ability
to infer causation primarily because of their associational study design (17, 18); while others
have questioned the methods used for the inclusion or exclusion of data that are analyzed
(19). Furthermore, even when a a randomized design is used to isolate the effect of a
component of breastmillk on infant growth, it is important to remember that this component
is just one component among many causally related to infant outcomes, and that there are
likely other causal pathways, unrelated to the isolated breastmilk component, leading to
infant growth outcomes (20).

Given these concerns, some have concluded that there is no causal link between
breastfeeding and childhood overweight/obesity and/or at best, breastfeeding provides a
modest degree of protection (3, 16, 18, 21-23). Criticism of the claim that breastfeeding
reduces the risk of offspring obesity often invites contentious debate and ad-hominem
vitriol. This may be due, in part, to a failure to fully appreciate the compositional fluidity of
breastmilk, its heterogeneity and the vast constellation of factors that influence its
composition, making it difficult to isolate any single factor in breastmilk as having a causal
effect on infant outcomes (Figure 1).

Breastmilk is not a uniform unvarying constant factory-made product; rather, it is a
biological product produced by women with markedly varying genotypes, phenotypes and
diets. To add to the complexity, the composition of breastmilk is influenced by a myriad of
maternal, infant and environmental factors. Some of these influences are better understood
than others, including diurnal variations (fat concentration greatest mid-morning ~ 10:00 am
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(24)), stage of nursing (fore vs hind milk (25)), and lactational stage (colostrum, transitional
and mature (25, 26)). The influence of other factors, including those factors which are the
focus of this review - non-nutritive bioactive components, are just beginning to be
understood (27), while many other factors remain unknown (28). The major challenge to
causal claims about the effects of breastmilk and its specific components is that there are
both known and unknown factors influencing maternal breastmilk composition, and these
factors may, in turn, affect infant outcomes independent of their effect on breastmilk
composition.

This narrative review delves into an emergent body of literature, examining six important
non-nutritive substances in breastmilk. Many of these substances were, until recently,
believed to be absent or of little biological significance. The intent of this narrative review is
to provide a background on key bioactive factors in breastmilk believed to have an effect on
infant outcomes (growth and body composition), review their importance in human health,
important evidence of their effects, as well as discuss methodological challenges researchers
face in studying the effects of breastmilk and its constituent components on infant outcomes
—unamely the inability to randomly assign human infants to breastmilk.

As an operational definition of these substances, we will refer to hormones (insulin, leptin,
adiponectin, ghrelin) and cytokines (IL-6, TNF-a) as “bioactive compounds” (29). In
reviewing each of these components, we first provide a brief synopsis of their role in human
health and metabolism as a foundation for understanding why their presence in breastmilk,
insofar as each compound is bioavailable to the infant, has the potential to affect
developmental and metabolic health outcomes in infants. After discussing the presence and
heterogeneity of these substances in breastmilk, we will review evidence, when available,
that these bioactive components are associated with offspring growth and adiposity. This
review is not intended to be a systematic review of all articles on the six selected bioactive
compounds, factors that modulate their presence, or their effects on infant adiposity. Nor do
we review other potentially important bioactive compounds including neuropeptides, anti-
inflammatory agents, proteins, vitamins, polyphenols, macronutrients, immunoglobulins,
chemokines, growth factors, oligosaccharides and glycans, all of which have been shown to
be present in breastmilk in varying concentrations (30, 31). We conclude the review with six
suggestions to improve and standardize a rapidly growing research area with the potential to
make significant contributions to infant and child health.

1. BIOACTIVE COMPONENTS IN BREASTMILK

Is it biologically plausible that the following bioactive compounds can be absorbed into the
infant’s circulation? Breastmilk molecules can get into the infant’s circulation via six
potential mechanisms that have been previously identified (32, 33).

First, breastmilk, especially colostrum and early milk, has high concentrations of a4-
antitrypsin, a known protease inhibitor (34, 35). Second, the gastrointestinal tract of the
infant favors the absorption of bioactive compounds and proteins in breastmilk due to high
gut pH (35) (36, 37). Third, immaturity of pancreatic enzymatic activity favors absorption of
bioactive factors by resisting proteolysis (35). Fourth, there are known adipokine
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gastrointestinal tract receptors for specific bioactive compounds (38, 39). Fifth, an important
non-digestive pathway for the absorption of peptides and bioactive compounds is
paracellular diffusion, which plays a major role in infancy (32). Sixth, breastmilk molecules,
such as microRNAs and others, can be transferred into the infant’s circulation via exosomes
or live breastmilk cells (33, 40). We believe these six factors collectively demonstrate the
biological and physiological plausibility that non-nutritive bioactive compounds can enter an
infant’s circulation and exert meaningful outcomes on the health of an infant, thereby
providing a working, albeit theoretical framework for future research on bioactive
compounds in breastmilk.

Insulin plays an essential role in blood glucose homeostasis and liver metabolism and its
presence in breastmilk has been known for some time (41, 42). It has been shown that
insulin concentrations range between 0 and 11.7 pg/l in breast milk samples collected 3-7
days after delivery and between 0 and 14 pg/l in samples collected 3 months after delivery
(43). In another sample of breastmilk collected from non-diabetic healthy mothers at 6-
weeks post-partum, insulin concentrations ranged from 4.5 £ 7.6 plU/mL in normal-weight
mothers and 30.1 £+ 56.3 plU/mL in overweight/obese mothers (44). Recent research has
sought to examine sources of variation in insulin levels in breastmilk, including the effects of
gestational age (45), metabolic abnormalities (46) and maternal body mass (47). Insulin
concentrations in breastmilk do not appear to vary by gestational age (45), but may be
positively associated with pregravid BMI and hyperglycemia, and negatively associated with
insulin sensitivity (46). Regarding maternal BMI, Andreas et al. (2014), in a systematic
review of the effect of maternal BMI on hormones in breastmilk, identified four studies that
examined its effect on breastmilk insulin (48). Two studies reported a positive correlation
between maternal BMI and breastmilk insulin (44, 46), while two studies reported no
correlation (45, 47). While there is significant variation in breastmilk both over time and
between mothers and some of this variation is associated with metabolic health, the evidence
for an association between maternal BMI and breastmilk insulin remains mixed.

Little published data exist examining breastmilk insulin levels and the associations with
infant outcomes in healthy non-diseased mothers. A recent study reported negative
associations between breastmilk insulin concentrations and body weight, weight-for-length
z-score, BMI-for-age zscore and total lean mass in infants from both normal weight and
obese mothers at 1-month of age (47).

Since its initial discovery, leptin’s role in the long-term regulation of human energy balance
obesity has been extensively documented (49). Recent research has indicated that leptin may
additionally influence the short-term regulation of food intake, as leptin and leptin receptor
proteins are now known to exist in the human stomach (50). Given the influence of leptin on
both long- and short-term regulation of energy balance and food intake, its production in the
human placenta and mammary epithelial cells and its presence in breastmilk, it has been of
interest for its possible effects on offspring energy-intake and adiposity (51).
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Immunoreactive leptin has been detected in breastmilk (52, 53), but with significant
variation in measured concentrations ranging from 1.4 + 0.2 pg/l in one early study (52) to
10.1 £ 2.6 pg/l in another early study (53). Subsequent research continues to observe
significant variation in leptin concentration, due in part to breastmilk fractions used in the
analysis and sample treatments (54). The preponderance of the literature reveals clear
evidence that breastmilk leptin is positively correlated with maternal BMI (47, 55). Andreas
et al. (2014), in their systematic review of the literature, reported that ten of the fifteen
studies found a positive association between maternal BMI and leptin concentration in
breastmilk at all measured time points, with no studies finding a negative correlation. Of all
the bioactive compounds currently identified in breastmilk, leptin by far provides the
clearest indication that maternal BMI is associated (positively) with leptin breastmilk
concentrations.

Several studies have reported inverse associations between breastmilk leptin and infant
weight gain (ABMI, Aweight gain, BMI-for-age z-score) and length (weight-for-length 2
score) in the first two years of life (47, 56-58). Others have reported no association between
breastmilk leptin and growth (59-61). A recent study has brought clarity and reconciliation
to these disparate findings. In a sample of 152-breastfeeding mothers (exclusive and partial)
breastmilk leptin was obtained at 6-weeks and 4-months post-partum with infant outcomes
obtained at 4-, 12- and 24-months (62). Breastmilk leptin at 6-weeks was not associated with
any infant clinical outcomes (growth or body composition). However, breastmilk leptin at 4-
months was inversely associated with infant body weight (adjusted p coefficients [95% CI]:
-604.96 g [-1166.2; —44.7], £=0.037) and lean mass (-400.95 g [-777.6; —24.3], P=0.039)
at 4-months, but not at 12 or 24-months. At this time the data is far from conclusive in
determining the exact role leptin plays on early growth and body composition.

Adiponectin

Adiponectin is synthesized predominantly by adipose tissue, with evidence also
demonstrating synthesis in other tissues such as salivary gland and mammary epithelial cells,
and is one of the most abundant proteins in human circulation (plasma concentration is 5-10
pg/mL) (63-65). Since its initial discovery in 1995, adiponectin has become a major
research focus due to its anti-diabetic, anti-inflammatory and anti-atherogenic effects (66).
Adiponectin plays an important role in regulating energy metabolism, acting to stimulate
glucose uptake and fatty acid oxidation, inhibit liver gluconeogenesis and improve insulin
sensitivity (67). Recent research suggests that adiponectin may also influence food intake
and energy expenditure, as indicated by evidence that adiponectin is present in human
cerebrospinal fluid and that adiponectin receptors are expressed in the human hypothalamus
(68).

Given the role of adiponectin in energy metabolism, the discovery of its presence in
breastmilk has led to much interest in its potential influence on offspring growth and
adiposity. Breastmilk adiponectin concentrations vary considerably across the lactational
stage with high inter-individual variation. The concentration of adiponectin in breastmilk is
highest in colostrum, after which adiponectin levels decrease (46, 69). In samples of
breastmilk collected at 1-7 days and at 3-months post-partum, median (25th, 75th
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percentiles) adiponectin concentration levels were 50.0 ng/mL (21.9, 104.6 ng/mL) in
samples collected 1-7 days and 12.3 ng/mL (9.9, 17.2 ng/mL) at 3-months (46). In an early
study of breastmilk at 6-weeks postpartum, adiponectin concentrations ranged from 0.8
ng/mL to 110.0 ng/mL (70) and in a separate study, adiponectin concentrations in breastmilk
samples collected 1-180 days postpartum ranged from 4.0 ng/mL to 105.7 ng/mL (71).
Variation in breastmilk adiponectin has been associated with maternal factors including
parity, length of gestation, smoking, race/ethnicity and type of delivery. Breastmilk
adiponectin levels have been positively associated with length of gestation, and inversely
associated with parity (46). Additionally, smoking may impact breastmilk adiponectin given
higher concentrations have been reported in mothers who do not smoke compared to those
that do smoke (60). Furthermore, maternal ethnicity may also influence breastmilk
adiponectin levels. Martin et al. (2006) found median breastmilk adiponectin concentrations
to be significantly lower at 1-month postpartum among Mexican mothers compared with
non-Hispanic white women (69). With respect to maternal BMI, Andreas et al. (2014)
identified nine studies examining the effect of maternal BMI on breastmilk adiponectin, with
only two studies reporting a positive correlation between maternal BMI and breastmilk
adiponectin, while the remaining seven studies reported no association (48). As such,
evidence for an association between maternal BMI and breastmilk adiponectin remains
inconclusive.

Adiponectin survives digestion with transporters detected in the gut, favoring the
bioavailability of adiponectin (60, 72). In Western developed countries clear and negative
associations are reported between higher breastmilk adiponectin concentrations and lower
weight-for-age zscores, weight-for-length zscores and body weight in the first 4-months of
life (72-74). Brunner et al. (2015) have extended these negative associations to show higher
adiponectin levels are associated with lower lean mass when using skinfolds (62). Continued
follow-up out past one year and up to two years of age show a reversal, where exposure to
higher breastmilk adiponectin levels are associated with an increased weight-for-age z-score
and weight-for-length zscores (60, 75). Interestingly, this positive association is extended to
increased percent body fat and total fat mass (62). Furthermore, it has been shown that there
is an increased risk for being overweight at two years of age with increasing breastmilk
adiponectin concentrations (60). In societies where scarcity of food (Ceba, Philippines)
exists and mothers exhibit low BMI’s contrary findings have been reported in the first
months of life (76). When breastmilk adiponectin is stratified into tertiles across the first two
years of life, infants exposed to the greatest levels of adiponectin had the highest weight-for-
age zscores throughout the entire testing period (3-, 6-, 9-, 12-, 15-, 18-, 21- months). When
comparing this study to others, it appears there is a threshold for adiponectin (~15 ng/mL),
where concentrations not meeting this threshold result in a linear association between
breastmilk adiponectin and infant growth in the first few months of life. It has been proposed
that breastmilk adiponectin exhibits pleiotropic properties in the first two years of life based
upon food availability and exert differentially between early infancy (< 6-months) and later
in childhood (2-years) with the associations tied to maternal BMI (76).
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Ghrelin is an orexigenic hormone produced predominantly by the stomach. Its regulatory
role in short-term food intake has been well established and, more recently, evidence
suggests an important role for ghrelin in long-term regulation of energy homeostasis and
body weight (77). Ghrelin acts both centrally and peripherally to influence appetite, food
intake, gastric acid secretion and gut motility (77). Research suggests a role for ghrelin in
glucose and lipid metabolism, demonstrating that exogenous ghrelin administration has an
inhibitory effect on insulin secretion and fat oxidation and promotes fatty acid storage,
resulting in elevated blood glucose levels and increased adiposity (77). In general,
circulating ghrelin concentrations are inversely associated with adiposity and weight gain,
suggesting that ghrelin also plays an important role in long-term regulation of energy
balance and body weight (77).

Ghrelin is present in breastmilk and produced by the human mammary gland, mammary
epithelial cells and placenta (78, 79). As such, the potential role of breastmilk ghrelin in
infant feeding behaviors, growth and adiposity is of interest. Numerous studies have
indicated that breastmilk ghrelin levels increase progressively from birth through at least 6-
months postpartum. Levels of ghrelin in human colostrum range from 616 + 78 pg/mL in
one study (80) to 4181 + 456 pg/mL in another study (81). llcol et al. (2007) demonstrated a
1.7-fold increase in ghrelin levels in transitional milk (collected 4-10 days after delivery)
compared to colostrum and a 3.7-fold increase in mature milk (collected 91-180 days after
delivery) compared to colostrum (82), an increase comparable to Aydin et al.’s (2008)
finding of a 2-fold increase in ghrelin in breastmilk collected 25 days after delivery
compared to colostrum collected 2 days after delivery (80). In addition to progressively
increasing with the lactational stage, breastmilk ghrelin concentrations are observed to be
significantly higher in fore vs. hind milk (83). Andreas et al. (2014) report of the three
studies identified, none found a significant correlation between maternal BMI and
breastmilk ghrelin levels (84-86). An additional study also reported no significant
correlation between maternal BMI and ghrelin concentration in breastmilk (87). However, a
recent study found an inverse association between maternal BMI and ghrelin concentration
in breastmilk (88). Overall, the evidence for an association between breastmilk ghrelin and
maternal factors, including maternal BMI, remains unclear.

Extant data linking breastmilk ghrelin and infant outcomes are especially sparse. In the four
studies looking at breastmilk ghrelin, none specifically looked at infant outcomes.

IL-6 is a multifunctional cytokine secreted by adipose tissue. Although IL-6 is secreted by
many cell types, including immune cells and myocytes, approximately 30% of total 1L-6
production is attributable to adipose tissue in non-acute inflammatory conditions (89).
Mostly known as a pro-inflammatory cytokine, IL-6 is also involved in anti-inflammatory
activities and plays a vital role in neuronal function and development (90). Several studies
have found a positive association between obesity and IL-6 levels in humans, as well as a
positive association between IL-6 and insulin resistance and type-2 diabetes (91).
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The sheer breadth in effects of 1L-6 observed in human development, immune function, and
metabolic regulation makes its presence in breastmilk a potentially important contributor to
health and weight-related infant outcomes. Several studies have measured IL-6 in
breastmilk, with substantial variation between studies (92, 93). In one study, breastmilk I1L-6
in thirty healthy mothers, ranged from 0.81 pg/mL to 306 pg/mL (94), while a second study
reported the milk 1L-6 concentration at 3.8 = 5.3 pg/mL (47). In a review of immune
markers in breastmilk, Agarwal et al. (2011) reported IL-6 concentration levels ranging from
7.3to 81 pg/mL in colostrum to a mean concentration of 78 pg/mL at 3-months and 105
pg/mL at 6-months (95).

The number of studies in a healthy non-diseased population looking at associations between
breastmilk 1L-6 and infant growth and body composition, like much of the other bioactive
compounds in this review, are limited. We are aware of one study, using dual energy X-ray
absorptiometry to measure infant body composition, finding a negative association between
breastmilk 1L-6 and weight-for-length zscore, BMI-for-age z-score, total fat mass,
percentage of fat and total lean mass in the infant at 1-month (47).

TNF-a, so named for its observed necrotizing effect on tumors, is a potent pro-inflammatory
cytokine secreted by a variety of cell types including macrophages and adipocytes. In human
adipose tissue, TNF-a is associated with reduced insulin-stimulated glucose disposal and
decreased lipoprotein lipase activity (96). In humans, obesity is associated with a significant
increase in the expression of TNF-a mRNA and increased secretion of the TNF- a protein.

TNF-a has been detected in breastmilk at sufficient levels to have effects on the
development and functioning of the infant immune system (97). TNF-a is secreted by
macrophages in the milk and the mammary endothelium, and its presence is thought to
improve the immune defense components in the neonate lacking in TNF-a production (98,
99). Breastmilk accomplishes its immuno-protective effects without inflammation due the
infrequency of inflammatory mediators and presence of many anti-inflammatory agents in
the milk (100). Rudloff et al. (1992) was the first to measure TNF-a in breastmilk, using
milk samples collected 24-48 hours post-delivery from healthy women between 18 and 35
years of age. The mean concentration of TNF-a was 620 + 183 pg/mL and, as suggested by
the authors’ calculations, an average newborn could be expected to consume 60 ng of TNF-
a during the first two days of lactation. Meki et al. (2003) also measured TNF-a levels in
colostrum and mature milk in 55 healthy, vaginally delivered infants, finding mean TNF-a
levels in the colostrum to be 402.8 £ 29.7 and 178.3 £ 14.4 pg/mL in mature milk. In
Agarwal’s et al.”’s (2011) systematic review of immune markers in breastmilk, substantial
variation in levels of TNF-a over time was observed, with levels decreasing from a high of a
mean 620 pg/mL in colostrum (Rudloff, 1992) to less than a median level of 4.4 pg/mL in
milk at 2-3 months (101)

Extant data linking breastmilk TNF-a and infant outcomes are limited. One of the only
studies we are aware of (in healthy non-diseased infants) reported a negative association
between breastmilk TNF-a and infant total lean mass (by dual energy X-ray absorptiometry)
at 1-month of age (47).
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2. ANIMAL VS. HUMAN EVIDENCE FOR BIOACTIVE COMPOUNDS
AFFECTING OFFSPRING BODYWEIGHT AND ADIPOSITY

The Animal Evidence

The extant animal literature shows a clear and convincing role for the effects of bioactive
compounds in breastmilk on growth and body composition in offspring. Elegantly designed
cross-fostering animal experiments have demonstrated the effects of lactational
programming as well as the effects of breastmilk leptin and insulin. Three murine studies
using a cross-fostering approach reported that pups of lean/obesity resistant dams suckled by
obese dams had increased body weight and adiposity (102-104). All three studies show clear
increases in body weight, ranging from 2.3% to 34.6%, when non-obese pups were cross-
fostered onto obese dams and, in the only study looking at offspring adiposity, a 16.8%
increase in total fat pads (39.7+£1.5 vs. 46.4+2.3; /£<0.05) was reported. All three studies
evaluated the effects of bioactive compounds in maternal breastmilk (leptin and insulin).
Interestingly, one study reported a 128% greater concentration in breastmilk insulin between
lean and obese dams while finding no difference in breastmilk leptin (103). In contrast,
Oben et al. (2010) reported a markedly large increase (600%) in breastmilk leptin between
obese vs lean dams (~ 35,000 vs. ~ 5,000 pg/ml), as did the Reifsnyder et al. (2000) study,
which reported a 330% increase in breastmilk leptin (4,300 vs. 1,000 pg/mL) between obese
and lean dams. Collectively, these studies provide a mechanistic framework whereby
maternal obesity engenders a metabolically poor breastmilk milieu that in turn creates an
offspring with an obesogenic phenotype; in particular, via the positive association between
maternal BMI and breastmilk leptin and insulin. The next step is to determine how elevated
breastmilk leptin and insulin creates an obesogenic phenotype in the offspring.

In murine models, clear and convincing evidence demonstrate oral leptin administration to
be biologically active and absorbed by the gut (105-107). This point is important to keep in
mind when trying to understand how specific bioactive compounds in breastmilk
significantly influence body weight and adiposity outcomes in offspring The observed
effects of oral leptin administration led to the following hypothesis: “persistent and sustained
exposure to leptin v7a breastmilk results in permanent hypothalamic alternations in the
offspring, ultimately predisposing offspring to leptin resistance and an obesogenic
phenotype” (102). Far from conclusive and currently speculative, animal work such as this
shows a viable biological pathway by which leptin (via breastmilk) programs the offspring
to a phenotype that is metabolically unhealthy and predisposes the offspring to an increased
risk of obesity.

The Human Evidence

Our current understanding of the role for specific bioactive compounds in breastmilk and
their effects on offspring adiposity in breastmilk is limited predominately by inadequate
study design. Isolating the effects of specific bioactive compounds on offspring adiposity
requires randomization; however, the use of randomized controlled trials in humans to study
the effects of bioactive breastmilk components is unethical, improbable and impractical. The
limited ability to randomize human subjects to breastmilk treatments makes causal
inferences especially difficult, given the numerous maternal factors, both genetic and
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environmental, likely to influence the composition of breastmilk, many of which may also
affect infant outcomes independent of their effects on breastmilk composition. As such,
many infant outcomes co-vary with maternal outcomes, making it difficult to isolate the
effect of these genetic, physiological, and sociological maternal factors from the specific
effect of breastmilk, and particular breastmilk components, on infant outcomes. To date, a
number of maternal factors have been purported to influence levels of bioactive components
in breastmilk, one of the most notable being maternal BMI, which appears to be positively
associated with levels of insulin and leptin in breastmilk. In addition, evidence suggests
length of gestation, maternal smoking status, parity, race/ethnicity, and type of delivery
(vaginal birth or via Cesarean section) all contribute to the variation of specific components
in breastmilk. Despite being less well-studied, maternal age, metabolic health during
pregnancy, stress, amount of sleep and postpartum weight change could also influence levels
of bioactive components in a mother’s breastmilk. As such, the observed association
between these breastmilk components and infant outcomes may be, at least in part,
explained by the relationship between these maternal factors and infant outcomes. Due to the
complex number of maternal factors potentially influencing both breastmilk composition
and infant outcomes, it is impossible to match subjects based on all of these factors.
Collectively, these issues make testing for causation difficult and onerous for investigators in
the field and only highlight the need for innovative study designs.

Researchers from Germany used an ingenious study design that goes beyond (too common)
associational studies that, despite the design falling short of true randomization, advances
our understanding of breastmilk and infant outcomes (i.e. body weight) (108, 109). One-
hundred and twelve diabetic mothers (type 1 diabetes, n=83; gestational diabetes, n=29)
were studied prospectively to evaluate the influence of ingestion of either diabetic breastmilk
or non-diabetic banked milk on their offspring’s body weight at 2-years of age. All mothers
were encouraged to breastfeed for one month, but in the event they could not continue to
nurse their child or chose to stop, they were provided non-diabetic banked milk. In the first
study, all mothers were divided into tertiles based upon the volume of ingested diabetic
breastmilk (15t <56, 2nd 57-124, 3 >125 g/d) during the first week of life (109). This study
revealed two interesting results. First, the volume of ingested non-diabetic banked milk was
inversely (P=0.001) correlated with body weight at 2-years of age. Second, the number of
children classified as overweight at 2-years of age increased as the consumption of diabetic
breastmilk increased (15t n=5, 2"4 n=11, 3"4 n=14, £=0.05), with an odds ratio of [OR] 2.47,
95% ClI 1.25-4.87. In the same population, the investigators examined the consumption of
diabetic breastmilk starting at the 2"d week through the 4™ week of life (108). After
adjusting for the volume of diabetic breastmilk consumed in the first week of life, no
associations between the consumption of diabetic breastmilk and either body weight or the
incidence of being overweight at 2-years old were observed. Neither study looked at the
compositional make-up of the breastmilk in either the diabetic breastmilk or the banked
breastmilk. Though far from resolved, these studies show tantalizing evidence that the
composition of the breastmilk is an important player in infant outcomes with the first week
of life being especially “critical” for long-term programming.
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3. RECOMMENDATIONS TO ADVANCE THE FIELD

Recommendations for advancing the field forward

Currently, the state of the literature is sparse, with study findings difficult to interpret and
hard to compare. Many lack clarity and specifically defined study endpoints, have poorly
described study designs and lack basic study controls (i.e. fasting or non-fasting, complete
breast expression or partial). In an attempt to advance the field forward, we have identified
six methodological limitations and offer recommendations for fixing them.

A

Lack in reporting of maternal BMI: Recording maternal BMI is crucial and
important if the field is to understand a basic question: does maternal BMI
influence the composition of breastmilk and what role, if any does it play on a
specific bioactive compound.

Deficiency in standardized study protocols.: The standardization of study
protocols (i.e. time of day and the feeding of the day i.e. 15t, 2nd, 3d), paying
particular attention to the interval between the last feeding and the time to milk
collection. Also, a priori stating the definition used for inclusion into the
breastfeeding group (i.e. no formula for the first month of life, up to 6 ounces of
formula a week for the first three-months etc). Other aspects related to
standardization are documentation of how often the infant was fed at the breast
vs. breastmilk given from the bottle and if fore or hind milk was collected. Many
factors impact the compositional make up of breastmilk (Figure 1) with many
now only being appreciated. Most studies vaguely describe milk collection as in
the morning or give no description at all. Greater care and appreciation needs to
be made when designing studies with a clear description given when writing the
methods and in doing so allowing for replication studies, a bedrock for the
scientific process.

Collection of breastmilk in different lactational stages. As reported in this review
and the field in general the compositional make-up of milk is dependent upon the
lactational stage the sample was taken (i.e. colostrum, early and mature milk). It
is fairly established that colostrum is quite different from mature milk, thus study
designs should ensure collection between subjects’s falls squarely within the
desired stage and report the number of days post-delivery the sample was taken.

Inadequate description in how milk was collected, handled, stored and prepared
for analyses: Investigators must provide a thorough description of how the
breastmilk was collected, handled and stored (i.e. skimmed milk vs whole,
frozen vs refrigerated). This is thought to play a significant role, albeit unknown
in how this affects the particular assay used for determining specific bioactive
compounds in the milk.

No control for maternal fasted-ness. Standardized maternal fasted-ness at the
time of milk collection is important, just as it would be for example, in
determining blood lipid levels (cholesterol, LDL, HDL) or diabetes risk (glucose
and insulin). It is believed that the maternal diet plays a significant role in
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breastmilk composition, though little is known of the appearance, peak and
disappearance of specific bioactive compounds in the milk.

F Limited data on infant outcomes: The literature to date is practically void of
infant outcomes, let alone growth and body composition outcomes and their
associations with bioactive compounds in breastmilk. At minimum, length and
body weight should be collected with each breastmilk collection and when
possible, body composition (preferably by air-displacement plethysmography
and/or DXA).

Increased implementation of these recommendations, along with a careful consideration of
both known and unknown factors identified in Figure 1, will significantly advance an
exciting area of research important to health and well-being of future generations.
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What is already known about the subject?

. Early feeding practices during infancy influence future disease risk.
. Breastmilk contains a multitude of bioactive non-nutritive compounds.
. The literature on the effects of bioactive compounds in breastmilk and their

associations with infant growth and adiposity is sparse.
What does this study add?

. This review provided an in-depth analysis of the available evidence looking at
the associations between breastmilk insulin, leptin, adiponectin, ghrelin, IL-6
and TNF-a and infant growth and body composition.

. In Western societies, adiponectin has negative associations with growth early
in infancy.
. Further, adiponectin may exhibit pleiotropic properties based upon maternal

BMI and the gender of the infant with food scarcity (developed vs. under-
developed societies) also playing a potential role.
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Figure 1.
Maternal, physiological and behavioral factors that impact breastmilk composition.
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Figure 2.
Percentage of the total number of articles reported in PubMed when keywords of pregnancy,

lactation, breastmilk and breastmilk composition are used. This figure was adapted from
Hinde 2015 (110).
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