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What is low milk supply? 

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 
                breastfeeding 

(Kelleher, 2016)

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

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  

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 food-

sourced nutrients after the child's first birthday. 

The typical range of intake between
1 to 6 months is between 20-32
ounces. The average intake in that
timeframe in exclusively-breastfed
babies is 25 ounces per day.

(Sultana, 2013)

(Butte, Dewey, Brown)
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not having a freezer stash
not pumping much/any milk in 

no sensation of engorgement 
baby wanting to feed frequently 
not leaking 
not feeling any sensation of let-down
baby accepting a bottle after feeding 

     between or directly following feeds  

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

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

not exclusive
indicator

of low supply 

potential 
indicator

of low supply 

Newborn + Infant
weight guidelines (US) 

*Averages collected using
data from World Health 

 Organization Child Growth
Standards, 2006.

(Sultana, 2013)

S i g n s  o f  L o w  M i l k  S u p p l y

Distinguishing possible indicators of low milk supply is important when assessing breastfeeding issues  

@lowsupplymom



Secondary:

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.

Low-supply causes have two categories:
Primary and Secondary 

Primary: 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  

Primary
lactation failure
affects up to an
estimated 10-

15% of mothers 

( Kelleher, 2016) ( Mehta, 2018)

Perception of low-supply
can also lead to low-supply

by increased
supplementation without

breast draining and
stimulation
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No breast changes in pregnancy 

Maternal thyroid/pituitary gland dysfunction
Maternal history of diabetes/insulin resistance
Maternal history of PCOS 
Delayed onset of Lactogenesis II 

Breast hypoplasia 
Maternal hypertension
Previous breast surgery 
Postpartum hemorrhage

      and/or postpartum

     (transitional milk appearing after 72 hours)

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

primary causes 
potential indicators

C a u s e s  o f  L o w  M i l k - S u p p l y

secondary causes 
potential indicators

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

What if there's indication of low supply?
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(Macias, 2012)

T h e  m a m m a r y  g l a n d  d e v e l o p s  t h r o u g h  a  s e t  o f  e v o l v i n g  p r o c e s s e s  t a k i n g  p l a c e
o v e r  t h e  c o u r s e  o f  m a n y  y e a r s ,  a n d  r e a c h e s  f u l l  m a t u r i t y  d u r i n g  l a c t a t i o n .  

embryonic
pubertal
reproductive

Three Main
Stages:

fetal 
 

ce
llul

ar foundation

Rudimentary ducts and buds

 Early 
pubertyce

llu
la

r g
row

th + transform
ation

 
Breast tissue growth

Nipple elevates + areola enlarges
Buds transform into more complex alveoli 

 Through 
late 

adolescense 

alv
eoli growth

More alveoli laid in each menstrual cycle
in estrous phase (phase of cycle before ovulation) 

 

 Pregnancy

ce
llu

la
r g

row
th + transform

ation

Ducts and alveoli grow
Cells undergo alteration to form 

      lactocytes 

Lactation

ce
llu

la
r t

ra
nsf

ormation + full m
aturity

Lactocytes become prolactin receptors 

Alveoli expand during milk production
      responsible for milk synthesis

only significant expansion
occurs in pregnancy

Estrogen: duct growth
Progesterone: secretory cell growth

Most heavily influenced by placental
progesterone, prolactin and estrogen

The mammary gland is
one that develops
through branching
morphogenesis
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Lobes/
Lobules

ducts

In a functioning mature
mammary gland, 10-100

alveoli comprise a lobe/lobule

alveolus

Lobes/lobules contain clusters 
of alveolar cells

(Macias, 2012)
(Gradinger, 2010)

There is an average of 15-20 lobes 
in one lactating breast 

(insufficient glandular tissue 
is a decreased presence of lobes) 

Alveoli at full-maturity

Glandular Tissue Responsible for Lactation

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

Singular: alevolus
Plural: alveoli
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milk duct

alveolus

lactocytes 
(prolactin receptor sites)

milk duct

myoepitheleal cells
(oxytocin receptor sites)

lumen

Milk production occurs within alveoli 

milk secretory
cells

Once the mammary gland has reached full-
maturity (under the influence of hormones
in pregnancy and postpartum) the alveoli

have transformed to enable lactation.

Components of Mature Alveoli
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A l v e o l a r  c e l l s  r e l y  o n  f u n c t i o n i n g  b o d y
m e c h a n i s m s  t o  p r o d u c e  a d e q u a t e  m i l k  

Alveolus (Plural: Alveoli)

alveolus

milk duct

anatomical development
endocrine (hormone) function
adequate cellular signaling

The process of lactation
 requires proper 
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Oxytocin releases milk 

lactocytes 
(prolactin receptor sites)

alveolus

milk duct

myoepitheleal cells
(oxytocin receptor sites)

lumen

milk secretory
cells

Cellular signaling in lactation

Oxytocin releases 
milk 

Prolactin promotes milk 
production

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.
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Cellular signaling pathway of lactation

(Stabak, 1978)

Breast > Nervous System > Pituitary
gland > Prolactin produced  >

Released into bloodstream > Signals
milk production

Signaling to produce milk is initiated by breast stimulation and draining, which emits signal to pituitary gland.

Breast > Nervous System >
Pituitary gland > Oxytocin
produced > Released into

bloodstream > Signals milk release

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) 

@
lowsupplym

om



M i l k  S y n t h e s i s  

Lactocytes (prolactin
receptor sites) produce
milk when signaled by

elevated prolactin 

Alveolus (Plural: Alveoli)

lactocytes 
(prolactin receptor sites)

alveolus

milk duct

cellular signaling in action
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Alveolus (Plural: Alveoli)

lactocytes 
(prolactin receptor sites)

alveolus

milk duct

milk secretory
cellsMilk secretory cells then

secrete milk from the
lactocytes into the lumen

lumen

M i l k  S y n t h e s i s  
cellular signaling in action
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Alveolus (Plural: Alveoli)

lactocytes 
(prolactin receptor sites)

alveolus

milk duct

myoepitheleal cells
(oxytocin receptor sites)

lumen

milk secretory
cells

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. 

M i l k  S y n t h e s i s  
cellular signaling in action
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Lactogenesis 1 Lactogenesis 2 Lactogenesis 3 

T h e  T h r e e  S t a g e s  o f  L a c t o g e n e s i s

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

Secretory Initiation Secretory Activation Galactopoesis

(second half of pregnancy) (following full delivery of placenta) (sustaining lactation)

O c c u r i n g  d u r i n g  p r e g n a n c y  a n d  a f t e r  b i r t h

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.

"milk coming in"
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High levels of
progesterone
produced by
the placenta

Breast changes
Progesterone + Estrogen = 

duct + alveoli growth.

Creation of Prolactin 
Receptor Sites
           (lactocytes)

The alveolar cells transform
as elevated progesterone

creates lactocytes
Progesterone

occurs in second
half of pregnancy

Lactocytes are filled with
progesterone 
during pregnancy
which creates colostrum

Lactogenesis 1

Elevated progesterone acts 
as a dam to prolactin 
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Progesterone

Placenta
delivery 
lowers

progesterone,
prolactin

continues to
rise once dam

released

Prolactin sites (lactocytes) 
filled with prolactin 

colostrum begins to
transition into milk 

Progesterone Prolactin

Prolactin

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

generally occurs within 72
hours of placenta delivery

Lactogenesis 2
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Progesterone

Demand
+ Draining

  Milk 
production

Milk supply
dependant

on 
stimulation
and breast
draining  

Transitional milk has
become mature milk 

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

occurs around 10
days postpartum
through weaning Lactogenesis 3

Elevated
prolactin

levels
sustained

throughout
lactation

Prolactin elevates throughout pregnancy, peaks after placenta detachment,
declines in the first week, then remains elevated until weaning.
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(Stabak, 1978)

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

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.

@
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Sustaining Milk Synthesis
Understanding Secondary Low-Supply

Examples of
secondary
causes

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 

Delayed initiation of
breastfeeding is defined as the
first feeding occuring after an
hour or more following birth 

Secondary low-
supply is often

a result of
issues with milk

transfer
efficiency or

drainage
frequency in

Lactogenesis 3

frequent, 
efficient draining higher levels of prolactin

higher levels of prolactin prolactin receptor sites 
signaled for milk synthesis

( Raghavan, 2013)

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

mothers of NICU infants 
mothers without lactation support

mothers physically separated from child 
     or lactation education 

Those at higher risk of
 secondary low-supply: 
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This is why we're often told that lactation is supply and demand. 
Continuous/frequent episodes of elevated FIL will affect prolactin receptor sites.

infrequent, 
inefficient draining 

lower levels of prolactin

lower levels of prolactin less milk produced

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)

lower levels of prolactinFIL in milk

Because FIL is a
protein in the milk
itself, milk must be
emptied from the

breast to release it.

FIL concentration
is independant to

each breast. 

Understanding Factors of Sustaining Lactation
Feedback Inhibitor of Lactation
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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.  

H o w  s e c o n d a r y  i s s u e s  i m p a c t  l a c t a t i o n

( Mehta, 2018)

Mother gives birth, milk comes in 

issues arise, breasts aren't
being adequately drained

and/or stimulated 

Prolactin sites (lactocytes) 
filled with prolactin 

Prolactin receptor
sites start to shut-
down if not in use

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.  

Recurring elevated levels of FIL 
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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 shut-

down and stop
producing milk 

(Pillay, 2020)

(Nevalainen, 2003)

Relactation +
Secondary 
Low Supply

( Mehta, 2018)

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.

When milk supply has
decreased with

secondary low supply,
those wanting to

increase supply enter
into a process of

relactation.

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.

S e c o n d a r y  L o w  S u p p l y  i s
i n c r e a s e d  b y  r e l a c t a t i o n
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Insulin resistance, high androgens and thyroid dysfunction, cell growth disruption 

Reduced milk ejection from oxytocin inhibition 

P r i m a r y  L o w  S u p p l y
Unlike secondary low-supply, primary low-supply isn't the result of issues with milk transfer and draining efficiency 

Polycystic Ovarian Syndrome
Thyroid Dysfunction
Diabetes or Insulin Resistance
Hypertension
Luteal Phase Defect
Previous Breast surgery
Postpartum Hemorrhage
Insufficient Glandular Tissue  

Primary Condition Influencing factor(s) disrupting full lactation 
(Glueck, 2004)

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

(Marasco, 2006)

Insufficient levels of progesterone and hyperprolactinemia 
(Bodley, 1999)

Antatomical disruption or removal of lobule tissue and ducts

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

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

Delayed onset of Lactogenesis 2, higher occurance of inslulin resistance 
(Demirci, 2018)

(Souto, 2003)

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: 

@
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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

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

PCOS
Insulin 

resistance
(IR)

(Nommsen-Rivers, 2016)

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

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

Mammary 
Cell Growth 
Disruption

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

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

Androgens, including
DHEA-S are more
commonly elevated in
PCOS women in pregnancy 

High
Androgens

Elevated androgens
interfere with cellular
conversion (alveoli
transformation) within
the mammary gland 

(Vanky, 2008)

(Nesmith, 2006)

Thyroid 
Dysfunction

(Varas, 2005) (Marasco, 2006)

(Solorzano, 2010)

How PCOS Symptoms Can Affect Lactation 
Global presence of PCOS is estimated to be between 6 and 26% 

(Rao, 2020)
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Thyroid Dysfunction Impacting Lactation 

When stimulated, the
pituitary gland releases TSH,
signaling thyroid to produce

its T3 + T4 hormones

Thyroid hormones affect the rate
of milk synthesis and the release

of milk from alveolar cells 

Hyperthyroid
Hypothyroid
Postpartum Thyroiditis 

Anemia
Postpartum Hemorrhage
 

T3 + T4 hormones control
your metabolism, including
cellular hormonal signaling 

(Nestler, 2015)

T3 + T4
hormones

Up to 60% of those with thyroid disease are unaware of their condition 

All 3 Types of
Thyroid Dysfunction

Contribute to
Primary Lactation

Issues

Thyroid
Conditions also

closely associated
with other low
supply factors

(American Thyroid Association)
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Progesterone

Lactogenesis 2

Progesterone

Placenta
delivery 
lowers

progesterone,
prolactin

rises

Prolactin sites (lactocytes) 
filled with prolactin 

colostrum begins to
transition into milk 

Prolactin

Prolactin

occurs within 72
hours of delivery

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

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

Associated with:

(Brownell, 2012)

of direct
communication

at the
lactocyte. 

Insulin plays a
crucial role in

cellular
signaling,

particularly on
its influence 

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

Delayed Onset of Lactogenesis 2
directly correlated to low milk

production (Neville, 2013)

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)
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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. 

How Hypertension Can Affect Lactation

A delay in the transition
to Lactogenesis 2 might
contribute to an
interference in
establishing prolactin
receptor sites

Delayed
Onset of

Lactogensis
2

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

Delayed Lact 2 often
requires infant
supplementation, which
can impact secondary
causes of lactation if
breasts aren't
simultaneously drained
and stimulated

High blood pressure in pregnancy, including in instances of pre-eclampsia

(Salvetti, 1993)
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Adequate mammary
development is reliant
on progesterone to
create alveolar cells

Insufficient
Progesterone

The presence of
insufficient progesterone,
especially occurring in
adolescence, can result in
insufficient glandular
tissue

Hyper-
Prolactinemia

The most common
cause of Luteal
Phase Defect

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

(Aisaka, 1992)

Studies relay that
insufficient progesterone in
luteal phase defect patients
also inhibits the growth of
alveolar cells during
pregnancy 

(Bodley, 1999)

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

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) 

@lowsupplymom



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

Breast implants may
place pressure on the
breast tissue, which can
damage the breast
tissue or block
lactiferous ducts

Mammary
Damage

Surgery can interfere with
the physical components
necessary for full lactation

Some breast reduction
techniques remove
portions of ductal and
lobular tissue necessary
for lactation
(subareolar
parenchyma)

Pre-Surgical
Anatomy

(Hurst, 1996)
(Kraut, 2017)

(Huggins, 2000)

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

Depending on pre-
surgery 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

Nipple 
Technique

In some surgical
techniques, the nipple is
removed from the breast
and reattached post-
reduction or augmentation
Removal of the nipple severs
nerves and milk ducts which
complicates lactation ability
post-surgery 

(Michalopoulos, 2007)
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How Postpartum Hemorrhage Can Affect Lactation 

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

Hypotension
 + 

Pituitary 
Insult

Sheehan's 
Syndrome

Hypopituitarism caused
by excessive blood loss
and life-threatening

Pituitary cells are
damaged or destroyed,
resulting in hormonal
dysfunction

(Thompson, 2010)

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

Prevalence is between 1 and 6 percent

Elevated 
Cortisol

(Grajeda, 2002)

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

(Thompson, 2010)

(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)

@lowsupplymom



I n s u f f i c i e n t  G l a n d u l a r  T i s s u e

IGT presents complications to 
full lactation in two different ways

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

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

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

Associated With 
Endocrine interference in puberty 

Environmental toxin exposure in-utero
Mammary Hypoplasia (symptom)

 

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

 

Insufficient
Lobes + 
Alveoli

FIL 
factor IGT can be caused by,

or occur in tandem
with other primary

causes of low supply

Prevalence is unknown

(Kelleher, 2016)
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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.
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