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What is low milk supply?
Milk volume requirements for newborns are
dependent on a newborn's weight, and those
volumes increase quickly during the first weeks of
life. Between 1 and 6 months, intake requirements
are sustained and increasing short-term during
growth spurts. Sometime after 6 months, volume
requirements very gradually begin to decrease as a
baby transitions to relying primarily on foodsourced nutrients after the child's first birthday.

Low-supply: also referred to as "lactation
insufficiency" or "lactation failure", is producing
an amount of breastmilk less than the
volume required to sustain healthy
infant
growth
by
exclusive
The typical range of intake between
wsupplymom
o
l
@
breastfeeding
1 to 6 months is between 20-32
(Sultana, 2013)

Low milk-supply or the
perception of low milk-supply
is the most common reason
for weaning before 6 months
Reported by:
40-50% of mothers in the US
60-90% internationally
(Kelleher, 2016)

ounces. The average intake in that
timeframe in exclusively-breastfed
babies is 25 ounces per day.
(Butte, Dewey, Brown)

The prevalence of low milk supply is unknown, as the majority of
low supply research doesn't account for actual milk output.

Signs of Low Milk Supply
Distinguishing possible indicators of low milk supply is important when assessing breastfeeding issues

potential

not exclusive
indicator
of low supply

indicator
of low supply

not having a freezer stash
not pumping much/any milk in
between or directly following feeds
no sensation of engorgement
baby wanting to feed frequently
not leaking
not feeling any sensation of let-down
baby accepting a bottle after feeding

poor weight gain according to curve
insufficient diaper output for age
signs of dehydration
cannot hear swallowing during feed
closed fists present following feed
more than 4 sucks between swallows
excessive sleepiness or lack of sleep
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(Sultana, 2013)

Newborn + Infant
weight guidelines (US)
Initial loss should not
exceed more than 7-10%
No further weight loss
should occur by day 5
Birth weight should be
regained by 2 weeks
0-4 months: expected to
gain 5.5-8.5 ounces/week
4-6 months: expected to
gain 3.25-4.5 ounces/week
6-12 months: expected to
gain 1.75-2.75 ounces/week
*Averages collected using
data from World Health
Organization Child Growth
Standards, 2006.

Low-supply causes have two categories:

Primary and Secondary

Primary
lactation failure
affects up to an
estimated 1015% of mothers

Primary:
Secondary:

any medical issues and/or anatomical factors existing
within the mother contributing to low milk supply

any issues arising with milk transfer and breast
drainage that occur after birth which interrupt or
interfere with sustaining or establishing full lactation

( Kelleher, 2016)

Perception of low-supply
can also lead to low-supply
by increased
supplementation without
breast draining and
stimulation

( Mehta, 2018)
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The most common source of low supply is secondary causes. Primary and secondary low supply causes
can also co-exist. For example, a mother might have insufficient glandular tissue and her milk supply is
also impacted by an oral restriction (such as a tongue tie) interfering with adequate transfer of milk.

Causes of Low Milk-Supply
If there is indication of low-supply, it's important to understand whether its cause is primary or secondary

primary causes
potential indicators
No breast changes in pregnancy
and/or postpartum
Maternal thyroid/pituitary gland dysfunction
Maternal history of diabetes/insulin resistance
Maternal history of PCOS
Delayed onset of Lactogenesis II
(transitional milk appearing after 72 hours)
Breast hypoplasia
Maternal hypertension
Previous breast surgery
Postpartum hemorrhage
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secondary causes
potential indicators
Infant oral restriction
Delayed initiation of breastfeeding
Immature/weak suck reflex in infant
Infrequent and/or ineffective breast
draining
Infant medical conditions impacting the
transfer of milk from mother to baby

What if there's indication of low supply?

In order to better understand low-supply and the impacts of
low-supply causes, we have to first understand the physiology
of lactation and associated breast anatomy.

Lactation is a dynamic process that requires extensive breast
tissue expansion and cell differentiation driven by molecular,
biochemical and cellular events, largely regulated by
reproductive hormones.
(Kelleher, 2016)
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The mammary gland develops through a set of evolving processes taking place
over the course of many years, and reaches full maturity during lactation.
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Lactocytes become prolactin receptors
responsible for milk synthesis
Alveoli expand during milk production
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The mammary gland is
one that develops
through branching
morphogenesis

Three Main embryonic
pubertal
Stages:
reproductive
(Macias, 2012)

Glandular Tissue Responsible for Lactation
Our breasts contain lobes house which house clusters of alveolar cells, which are the cells responsible for milk production

Lobes/lobules contain clusters
of alveolar cells

Alveoli at full-maturity
Singular: alevolus
Plural: alveoli

Lobes/
Lobules

ducts

There is an average of 15-20 lobes
in one lactating breast
(insufficient glandular tissue
is a decreased presence of lobes)
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alveolus

In a functioning mature
mammary gland, 10-100
alveoli comprise a lobe/lobule
(Gradinger, 2010)
(Macias, 2012)

Milk production occurs within alveoli
Components of Mature Alveoli
lumen

milk secretory
cells

myoepitheleal cells
(oxytocin receptor sites)
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alveolus
Once the mammary gland has reached fullmaturity (under the influence of hormones
in pregnancy and postpartum) the alveoli
have transformed to enable lactation.

milk duct

milk duct

lactocytes
(prolactin receptor sites)

Alveolar cells rely on functioning body
mechanisms to produce adequate milk
Alveolus (Plural: Alveoli)

The process of lactation
requires proper
anatomical development
endocrine (hormone) function
adequate cellular signaling
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milk duct

alveolus

Cellular signaling in lactation
Cellular signaling is cell to
cell communication in
coordination of multiple
cell actions.

Lactation relies on a
complex variation of
cellular signaling.
Two of the most important
cell-signaling mechanisms
that occur during lactation
revolve around prolactin and
oxytocin.

lumen

myoepitheleal cells
(oxytocin receptor sites)

Oxytocin releases
milk

milk secretory
cells

alveolus
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Prolactin promotes milk
production

milk duct

lactocytes
(prolactin receptor sites)

Oxytocin releases milk

Cellular signaling pathway of lactation
Signaling to produce milk is initiated by breast stimulation and draining, which emits signal to pituitary gland.

Breast > Nervous System > Pituitary
gland > Prolactin produced >
Released into bloodstream > Signals
milk production

Breast > Nervous System >
Pituitary gland > Oxytocin
produced > Released into
bloodstream > Signals milk release

(Stabak, 1978)
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After oxytocin is released, its cellular
pathway and gene expression is
regulated, in part, by cellular signaling
of thyroid hormones (T3 + T4) which
regulate the speed with which
cells/metabolism work.
(Marasco, 2006)

Milk Synthesis
cellular signaling in action
Alveolus (Plural: Alveoli)

Lactocytes (prolactin
receptor sites) produce
milk when signaled by
elevated prolactin
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milk duct

alveolus

lactocytes
(prolactin receptor sites)

Milk Synthesis
cellular signaling in action
Alveolus (Plural: Alveoli)

lumen

Milk secretory cells then
secrete milk from the
lactocytes into the lumen

milk secretory
cells

@lowsupplymom

milk duct

alveolus

lactocytes
(prolactin receptor sites)

Milk Synthesis
cellular signaling in action
Alveolus (Plural: Alveoli)

Myoepithileal cells are
muscle cells surrounding
the alveoli. Oxytocin
signals them to contract
and release milk from
the lumen into ducts and
through nipple pores.

lumen

myoepitheleal cells
(oxytocin receptor sites)

milk secretory
cells
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milk duct

alveolus

lactocytes
(prolactin receptor sites)

The Three Stages of Lactogenesis
Occuring during pregnancy and after birth

Significant influences
enabling lactation are
dependent on the
transformation of alevolar
cells. Lactogenesis outlines
the final growth stages of
the mammary gland
leading to full maturity.

Lactogenesis 1

Lactogenesis 2

Lactogenesis 3
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Secretory Initiation
(second half of pregnancy)

Secretory Activation
(following full delivery of placenta)

Galactopoesis
(sustaining lactation)

"milk coming in"

Lactogenesis is the process of developing the ability to secrete milk, involving transformation of alveolar cells

Lactogenesis 1

occurs in second
half of pregnancy

Creation of Prolactin
Receptor Sites
(lactocytes)

High levels of
progesterone
produced by
the placenta

The alveolar cells transform
as elevated progesterone
creates lactocytes

Progesterone
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Breast changes
Progesterone + Estrogen =
duct + alveoli growth.

Lactocytes are filled with
progesterone
during pregnancy
which creates colostrum

Elevated progesterone acts
as a dam to prolactin

generally occurs within 72
hours of placenta delivery

Lactogenesis 2

Placenta
delivery
lowers
progesterone,
prolactin
continues to
rise once dam
released

Progesterone

colostrum begins to
transition into milk

Prolactin sites (lactocytes)
filled with prolactin

Prolactin
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Progesterone

Prolactin

As progesterone decreases
it leaves receptor sites, and
is replaced by prolactin.

Lactogenesis 3

occurs around 10
days postpartum
through weaning

Transitional milk has
become mature milk

Milk supply
dependant
on
stimulation
and breast
draining
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Progesterone

Less driven by hormones
(endocrine)
More driven by signaling
demand (autocrine)

Demand
+ Draining

Milk
production

Prolactin elevates throughout pregnancy, peaks after placenta detachment,
declines in the first week, then remains elevated until weaning.

Elevated
prolactin
levels
sustained
throughout
lactation

Signaling Demand
Unlike Lactogenesis 1 and 2 which are most heavily influenced by the endocrine system,
Lactogenesis 3 is most influenced by the autocrine system relying on external stimulus.

Prolactin produced in the pituitary gland
is triggered to release into blood stream
by nipple stimulation +
breast emptying

Oxytocin produced in the pituitary gland
is triggered to release into blood stream
by nipple stretching, baby hand massage,
and becomes a conditioned reflex

(Stabak, 1978)
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Sustaining Milk Synthesis
Understanding Secondary Low-Supply

Secondary lowsupply is often
a result of
issues with milk
transfer
efficiency or
drainage
frequency in
Lactogenesis 3

Examples of
secondary
causes

Once transitioning into Lactogenesis 3, milk supply
is dependent on frequent and adequate emptying
frequent,
efficient draining

higher levels of prolactin
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prolactin receptor sites
higher levels of prolactin
signaled for milk synthesis

delayed initiation of breastfeeding
developmental conditions effecting milk
transfer including tongue tie, tethered
oral tissue, premature birth, heart
conditions, or physical and intellectual
disabilities.
Infrequent breast emptying
Supplementation without milk expression

Those at higher risk of
secondary low-supply:
mothers of NICU infants
mothers without lactation support
or lactation education
mothers physically separated from child

Delayed initiation of
breastfeeding is defined as the
first feeding occuring after an
hour or more following birth
( Raghavan, 2013)

Understanding Factors of Sustaining Lactation
Feedback Inhibitor of Lactation
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FIL concentration
is independant to
each breast.

Feedback Inhibitor of Lactation (FIL): a protein in breastmilk
that increases in concentration the more that the lumen is filled
with milk. The higher levels of FIL in milk, the slower the milk
production because FIL down-regulates prolactin receptors.
(Peaker, 1996)

infrequent,
inefficient draining
lower levels of prolactin

Because FIL is a
protein in the milk
itself, milk must be
emptied from the
breast to release it.

lower levels of prolactin

FIL in milk

lower levels of prolactin

less milk produced

This is why we're often told that lactation is supply and demand.
Continuous/frequent episodes of elevated FIL will affect prolactin receptor sites.

Secondary Low Supply is still low supply
A mother may have adequate hormone function to produce and sustain
lactation, but if there isn't the necessary stimulation, transfer and draining
required for adequate cell signaling, that supply will diminish.

How secondary issues impact lactation
Mother gives birth, milk comes in

Prolactin sites (lactocytes)
filled with prolactin

Recurring elevated levels of FIL
Prolactin receptor
sites start to shutdown if not in use

issues arise, breasts aren't
being adequately drained
and/or stimulated
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With decrease in receptor
sites, decreased prolactin
and prolactin receptors
lower milk production

Secondary low
milk-supply can be
temporary or permanent
within particular dyad,
depending on the baby's
age and amount of
supplementation provided,
though can generally be
increased.

( Mehta, 2018)

Secondary Low Supply is
increased by relactation
When milk supply has
decreased with
secondary low supply,
those wanting to
increase supply enter
into a process of
relactation.
(Pillay, 2020)

As far as current research can tell
us, hormone receptors seem to be
established in the first 2-3 weeks in
response to milk removal. (West, 2012)

If milk isn't adequately
removed from the
breast in that
timeframe, prolactin
receptor sites shutdown and stop
producing milk
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(Nevalainen, 2003)

Relactation +
Secondary
Low Supply

In a 2018 study outlining outcomes of low
supply relactation, 85% of mothers
experienced full relactation
(re-establishing prolactin receptor
sites to the extent needed
for exclusive breastfeeding).
Only 30% of mothers with infants older than 6
weeks were able to re-establish full lactation.

Positive associations of complete
relactation success (ability to EBF)
include mothers under the age of 25,
with infants less than 6 weeks.
Efforts from relactation are
observed, on average, between 15-20
days, but can take up to 29 days.
( Mehta, 2018)

Primary Low Supply
Unlike secondary low-supply, primary low-supply isn't the result of issues with milk transfer and draining efficiency

The research regarding primary low supply causes is evolving and on-going. We do know there are
specific conditions that may more commonly predispose a mother to a higher risk of primary low supply:

Primary Condition

Influencing factor(s) disrupting full lactation

Polycystic Ovarian Syndrome

Insulin resistance, high androgens and thyroid dysfunction, cell growth disruption

Thyroid Dysfunction

Reduced milk ejection from oxytocin inhibition

Hypertension
Luteal Phase Defect
Previous Breast surgery
Postpartum Hemorrhage
Insufficient Glandular Tissue
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Diabetes or Insulin Resistance

(Glueck, 2004)
(Marasco, 2006)

Inhibits cellular signaling, delayed onset of Lactogensis 2
(Ostrum, 1993)

Delayed onset of Lactogenesis 2, higher occurance of inslulin resistance
Insufficient levels of progesterone and hyperprolactinemia

(Demirci, 2018)

(Bodley, 1999)

Antatomical disruption or removal of lobule tissue and ducts
(Souto, 2003)

(Sheehan's Syndome) Pituitary loses function, delayed onset of Lactogensis 2
(Shivaprasad, 2011)

Insufficient development of tissue and cells necessary for lactation
(Kelleher, 2016)

How PCOS Symptoms Can Affect Lactation
Global presence of PCOS is estimated to be between 6 and 26%
(Rao, 2020)

Insulin
resistance
(IR)

Insulin stimulates the
cellular signaling of genes
directly involved in milk
synthesis

Insulin resistance
downregulates genes
involved in milk
synthesis and direct
signaling at the level of
the lactocyte (prolactin
receptor), impeding the
rate of milk synthesis +
slowing milk production

(Nommsen-Rivers, 2016)

Insulin resistance can
contribute to Delayed
onset of Lactogensis 2,
interfering with
establishment of
prolactin receptors

Thyroid
Dysfunction

(Varas, 2005) (Marasco, 2006)

Mammary
Cell Growth
Disruption

PCOS

(Nesmith, 2006)
(Solorzano, 2010)
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The pituitary gland
produces prolactin and
oxytocin, but the thyroid
gland is what regulates
how much to secrete
Throid dysfunction can
suppress necessary lactation
hormones + research has
correlated it to lower levels
of oxytocin inhibiting the
let-down reflex

High
Androgens

(Vanky, 2008)

Mammary development is
predominantly driven by
estrogen, progesterone and
prolactin, and proper thyroid
function + glucose health are
necessary for adequate
estrogen and prolactin
secretion

When symptoms of PCOS
occur near or around the
time of puberty, lobular and
alveolar growth is affected
(which can cause IGT)

Androgens, including
DHEA-S are more
commonly elevated in
PCOS women in pregnancy
Elevated androgens
interfere with cellular
conversion (alveoli
transformation) within
the mammary gland

Thyroid Dysfunction Impacting Lactation
Up to 60% of those with thyroid disease are unaware of their condition
(American Thyroid Association)

T3 + T4
hormones
When stimulated, the
pituitary gland releases TSH,
signaling thyroid to produce
its T3 + T4 hormones
T3 + T4 hormones control
your metabolism, including
cellular hormonal signaling
Thyroid hormones affect the rate
of milk synthesis and the release
of milk from alveolar cells

All 3 Types of
Thyroid Dysfunction
Contribute to
Primary Lactation
Issues

Hyperthyroid
Hypothyroid
Postpartum Thyroiditis
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Thyroid
Conditions also
closely associated
with other low
supply factors

Anemia
Postpartum Hemorrhage

(Nestler, 2015)

Delayed Onset of Lactogenesis 2 and Insulin Resistance
Insulin resistance could affect as many as 1 in 3 Americans
(National Institue of Diabetes and Digestive and Kidney Issues)

Lactogenesis 2

occurs within 72
hours of delivery

Progesterone

Placenta
delivery
lowers
progesterone,
prolactin
rises

colostrum begins to
transition into milk

Prolactin sites (lactocytes)
filled with prolactin

Delayed Onset of
Lactogenesis 2 occurs when
milk "doesn't come in" until
after 72 hours postpartum

Prolactin

Associated with:

Progesterone

Prolactin
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Onset of Lactogenesis 2 requires drop in progesterone and
elevation of prolactin which is facilitated, in part, by elevated
levels of cortisol (produced by adrenal gland) and insulin

Insulin Resistance + Diabetes
Hypothyroidism
Obesity
Cesarean Section
Sheehan's Syndrome
Labor Pain Medications in
Delivery (emerging data)

Delayed Onset of Lactogenesis 2
directly correlated to low milk
production (Brownell, 2012)

Insulin plays a
crucial role in
cellular
signaling,
particularly on
its influence
of direct
communication
at the
lactocyte.

(Neville, 2013)

How Hypertension Can Affect Lactation
High blood pressure in pregnancy, including in instances of pre-eclampsia

Delayed
Onset of
Lactogensis
2

Lactogenesis 2 is the
transitional phase between
colostrum and copious milk
production

A delay in the transition
to Lactogenesis 2 might
contribute to an
interference in
establishing prolactin
receptor sites
Delayed Lact 2 often
requires infant
supplementation, which
can impact secondary
causes of lactation if
breasts aren't
simultaneously drained
and stimulated
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Hypertension is often
seen in tandem with
insulin resistance, though
it's unknown whether this
relationship is causal.
Hypertension can cause
isulin resistance and vice
versa, but they can both
occur separately as the
result of metabolic
dysfunction.
(Salvetti, 1993)

How Luteal Phase Defect Can Affect Lactation
LPD has been diagnosed in 3-20% of patients who are infertile and
in 5-60% of patients experiencing recurrent pregnancy loss. (Siklósi, 2012) (Sonntag, 2012)

Insufficient
Progesterone

(Bodley, 1999)

Condition characterized
by insufficient
progesterone levels in
the luteal phase (right
after ovulation) during
menstruation

HyperProlactinemia

Adequate mammary
development is reliant
on progesterone to
create alveolar cells
The presence of
insufficient progesterone,
especially occurring in
adolescence, can result in
insufficient glandular
tissue

(Aisaka, 1992)

The most common
cause of Luteal
Phase Defect
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Studies relay that
insufficient progesterone in
luteal phase defect patients
also inhibits the growth of
alveolar cells during
pregnancy

Elevated levels of
prolactin interfere with
progesterone and
estrogen regulation
potentially impacting all
stages of Lactogenesis

How Breast Surgery Can Affect Lactation
Both implants and breast reductions have the risk of reducing likelihood for exclusive breastfeeding

A possible symptom of
IGT, hypoplastic
breasts may be present
before augmentation

Surgery can interfere with
the physical components
necessary for full lactation

Mammary
Damage
(Hurst, 1996)
(Kraut, 2017)

Pre-Surgical
Anatomy

Breast implants may
place pressure on the
breast tissue, which can
damage the breast
tissue or block
lactiferous ducts
Some breast reduction
techniques remove
portions of ductal and
lobular tissue necessary
for lactation
(subareolar
parenchyma)

(Huggins, 2000)
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Nipple
Technique
(Michalopoulos, 2007)

In some surgical
techniques, the nipple is
removed from the breast
and reattached postreduction or augmentation

Removal of the nipple severs
nerves and milk ducts which
complicates lactation ability
post-surgery

Depending on presurgery anatomy,
mammary gland
development may have
presented as breasts
widely spaced and
tubular shaped
Insufficient glandular
tissue can be further
impacted by
augmentation
depending on what
techniques performed

How Postpartum Hemorrhage Can Affect Lactation
Prevalence is between 1 and 6 percent

(Carroli, 2008)

Defined as a cumulative blood loss of greater than or equal to 1,000 mL or blood loss accompanied
by signs or symptoms of hypovolemia within 24 hours after the birth process
(Say, 2014)

Hypotension
+
Pituitary
Insult

Extensive blood loss
can impact the
pituitary gland's
function, resulting in
hormonal dysfunction
preventing normal
onset of Lactogenesis 2

Sheehan's
Syndrome

(Thompson, 2010)

Marked blood loss can
result in hypotension,
which can significantly
extend the transition
to Lactogenesis 2 by
inhibiting hormonal
processes.

(Thompson, 2010)
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Elevated
Cortisol

(Grajeda, 2002)

Marked loss following
labor elevates cortisol
levels in the body.
When cortisol is
extremely high it can
delay Lactogensis 2

Hypopituitarism caused
by excessive blood loss
and life-threatening
Pituitary cells are
damaged or destroyed,
resulting in hormonal
dysfunction

Insufficient Glandular Tissue
Prevalence is unknown

IGT presents complications to
full lactation in two different ways

Insufficient
Lobes +
Alveoli
(Kelleher, 2016)

FIL
factor

Endocrine interference in puberty
Environmental toxin exposure in-utero
Mammary Hypoplasia (symptom)

Absence of adequate alveoli
prevents establishment of
milk-supply necessary for
exclusive breastfeeding

Sustaining lactation with IGT
is dependent on frequent
emptying to prevent high
levels of FIL that down
regulate and reduce
supply

Limited storage capacity
influences higher levels of
FIL, present when alveoli
are nearing capacity

Associated With
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IGT can be caused by,
or occur in tandem
with other primary
causes of low supply

IGT is symptomatic of an overarching issue that
impacted proper mammary gland formation

Breastfeeding is not as simple as "supply and demand"
and is reliant on the influence of so many factors.

Understanding low supply and its causes are
the first steps towards a more informed
perspective; one that helps us to more
confidently navigate appropriate interventions,
feeding decisions and emotional support.
@lowsupplymom

References
Aisaka K, Yoshida K, Mori H. Analysis of clinical backgrounds and
pathogenesis of luteal-phase defect. Horm Res. 1992;37 Suppl 1:41-7.
doi: 10.1159/000182347. PMID: 1427628.
Bodley V, Powers D. Patient with insufficient glandular tissue
experiences milk supply increase attributed to progesterone
treatment for luteal phase defect. J Hum Lact. 1999 Dec;15(4):33943. doi: 10.1177/089033449901500415. PMID: 10776184.

Gilbert P. Gradinger, An Overview of the Modern Era of Breast
Reduction, Aesthetic and Reconstructive Surgery of the Breast, 2010
Grajeda R, Pérez-Escamilla R. Stress during labor and delivery is
associated with delayed onset of lactation among urban
Guatemalan women. J Nutr. 2002 Oct;132(10):3055-60. doi:
10.1093/jn/131.10.3055. PMID: 12368395.

Brown K, Black R, Robertson A, Akhtar N, Ahmed G, Becker S.
Clinical and field studies of human lactation: methodological
considerations. Am J Clin Nutr 1982;35:745-56.

Glueck CJ, Bornovali S, Pranikoff J, Goldenberg N, Dharashivkar
S, Wang P. Metformin, pre-eclampsia, and pregnancy outcomes in
women with polycystic ovary syndrome. Diabet Med. 2004
Aug;21(8):829-36. doi: 10.1111/j.1464-5491.2004.01251.x.

Brownell E, Howard CR, Lawrence RA, Dozier AM. Delayed onset
lactogenesis II predicts the cessation of any or exclusive
breastfeeding. J Pediatr. 2012;161(4):608-614.
doi:10.1016/j.jpeds.2012.03.035

Huggins K, Petok E, Mireles O: Markers of lactation insufficiency:
a study of 34 mothers. Current Issues in Clinical Lactation 2000.
Edited by: Auerbach K. Sudbury, MA: Jones and Bartlett, 2000,
25-35.

Butte NF, Garza C, Smith EO, Nichols BL. Human milk intake and
growth in exclusively breast-fed infants. J Pediatr. 1984
Feb;104(2):187-95.

Hurst NM: Lactation after augmentation mammoplasty. Obstet
Gynecol. 1996, 87 (1): 30-34. 10.1016/0029-7844(95)00349-5.

Carlezon W. A., Jr., Duman R. S., Nestler E. J. (2005). The many
faces of CREB. Trends Neurosci. 28, 436–445.
10.1016/j.tins.2005.06.005
Carroli G, Cuesta C, Abalos E, Gulmezoglu AM. Epidemiology of
postpartum haemorrhage: a systematic review. Best Pract Res Clin
Obstet Gynaecol. 2008 Dec;22(6):999-1012. doi:
10.1016/j.bpobgyn.2008.08.004. Epub 2008 Sep 25. PMID: 18819848.
Demirci J, Schmella M, Glasser M, Bodnar L, Himes KP. Delayed
Lactogenesis II and potential utility of antenatal milk expression in
women developing late-onset preeclampsia: a case series. BMC
Pregnancy Childbirth. 2018;18(1):68. Published 2018 Mar 15.
doi:10.1186/s12884-018-1693-5
Dewey KG, Lonnerdal B. Milk and nutrient intake of breast-fed
infants from 1 to 6 months: relation to growth and fatness. J Pediatr
Gastroenterol Nutr. 1983;2(3):497-506.
Fernandez-Gonzalez R, Illa-Bochaca I, Welm BE, Fleisch MC, Werb
Z, Ortiz-de-Solorzano C, Barcellos-Hoff MH. Mapping mammary
gland architecture using multi-scale in situ analysis. Integr Biol
(Camb) 2009;1:80–89.

Kraut RY, Brown E, Korownyk C, et al. The impact of breast
reduction surgery on breastfeeding: Systematic review of
observational studies. PLoS One. 2017;12(10):e0186591. Published
2017 Oct 19. doi:10.1371/journal.pone.0186591

Lee S, Kelleher SL. Biological underpinnings of breastfeeding
challenges: the role of genetics, diet, and environment on
lactation physiology. Am J Physiol Endocrinol Metab.
2016;311(2):E405-E422. doi: 10.1152/ajpendo.00495.2015
Macias, H. and Hinck, L. (2012), Mammary gland development.
WIREs Dev Biol, 1: 533-557. https://doi.org/10.1002/wdev.35

Marasco, Lisa. The Impact of Thyroid Dysfunction on Lactation,
Breastfeeding Abstracts February 2006, Vol. 25, No. 2, pp. 9-12
Mehta A, Rathi AK, Kushwaha KP, Singh A. Relactation in
lactation failure and low milk supply. Sudan J Paediatr.
2018;18(1):39-47. doi: 10.24911/SJP.2018.1.6

Michalopoulos K: The effects of breast augmentation surgery
on future ability to lactate. Breast J. 2007, 13 (1): 62-67.
10.1111/j.1524-4741.2006.00364.x.Return to ref 22 in article

Sonntag B, Ludwig M. An integrated view on the luteal
phase: diagnosis and treatment in subfertility. Clin
Endocrinol (Oxf). 2012 Oct;77(4):500-7. doi: 10.1111/j.13652265.2012.04464.x. PMID: 22702226.

Nommsen-Rivers LA. Does Insulin Explain the Relation between
Maternal Obesity and Poor Lactation Outcomes? An Overview
of the Literature. Adv Nutr. 2016;7(2):407-414. Published 2016
Mar 15. doi:10.3945/an.115.011007

Souto GC, Giugliani ER, Giugliani C, Schneider MA. The
impact of breast reduction surgery on breastfeeding
performance. J Hum Lact. 2003 Feb;19(1):43-9; quiz 66-9, 120

Nesmith H 2006 (November), Polycystic Ovarian Syndrome
(PCOS) and Lactation. Topics In Breastfeeding Set XVIII,
Lactation Resource Centre.

Strbák V, Macho L, Uhercik D, Kliment V. The effect of
lactation on thyroid activity of women. Endokrinologie. 1978
May;72(2):183-7.

Ostrom KM, Ferris AM. Prolactin concentrations in serum and
milk of mothers with and without insulin-dependent diabetes
mellitus. Am J Clin Nutr. 1993 Jul;58(1):49-53. doi:
10.1093/ajcn/58.1.49.

Sultana, Arshiya & Raheman, Khaleeq & Manjula, S.M..
(2013). Clinical Update and Treatment of Lactation
Insufficiency. Medical Journal of Islamic World Academy of
Sciences. 21. 19-28. doi: 10.12816/0000207.

Pillay J, Davis TJ. Physiology, Lactation. 2020 Jul 26. In:
StatPearls [Internet]. Treasure Island (FL): StatPearls
Publishing; 2021 Jan–. PMID: 29763156.

Tan SH, Dagvadorj A, Shen F, Gu L, Liao Z, Abdulghani J,
Zhang Y, Gelmann EP, Zellweger T, Culig Z, Visakorpi T,
Bubendorf L, Kirken RA, Karras J, Nevalainen MT.
Transcription factor Stat5 synergizes with androgen receptor
in prostate cancer cells. Cancer Res. 2008;68:236–248.

Rao, Manisha MSa; Broughton, K. Shane PhDb; LeMieux,
Monique J. Cross-sectional Study on the Knowledge and
Prevalence of PCOS at a Multiethnic University Progress in
Preventive Medicine: June 2020 - Volume - Issue - p e0028
doi: 10.1097/pp9.0000000000000028
Salvetti A, Brogi G, Di Legge V, Bernini GP. The interrelationship between insulin resistance and hypertension.
Drugs. 1993;46 Suppl 2:149-59. doi: 10.2165/00003495199300462-00024. PMID: 7512468.
Say L, Chou D, Gemmill A, Tuncalp O, Moller AB, Daniels
J, et al. Global causes of maternal death: a WHO
systematic analysis. Lancet Glob Health 2014;2: e323–33.
(Systematic Review)
Shivaprasad C. Sheehan's syndrome: Newer advances. Indian
J Endocrinol Metab. 2011;15 Suppl 3(Suppl3):S203-S207.
doi:10.4103/2230-8210.84869
Siklósi GS, Bánhidy FG, Ács N. Fundamental role of folliculoluteal function in recurrent miscarriage. Arch Gynecol Obstet.
2012 Nov;286(5):1299-305. doi: 10.1007/s00404-012-2433-0.
Epub 2012 Jun 29. PMID: 22744848.

Thompson JF, Heal LJ, Roberts CL, Ellwood DA. Women's
breastfeeding experiences following a significant primary
postpartum haemorrhage: A multicentre cohort study. Int
Breastfeed J. 2010;5:5. Published 2010 May 27.
doi:10.1186/1746-4358-5-5

Vanky, E., Isaksen, H., Haase Moen, M. and Carlsen, S.M. (2008),
Breastfeeding in polycystic ovary syndrome. Acta Obstetricia et
Gynecologica Scandinavica, 87: 531-535.
https://doi.org/10.1080/00016340802007676

Varas SM, Jahn GA. The expression of estrogen, prolactin, and
progesterone receptors in mammary gland and liver of female
rats during pregnancy and early postpartum: regulation by
thyroid hormones. Endocr Res. 2005;31(4):357-70. doi:
10.1080/07435800500454528.

