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Is There a Link?
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Background: Low milk production is a common reason for early breastfeeding cessation. Breast
hypoplasia is one possible reason for an inability to make a full milk supply.

Method: This article explores endocrinological changes which may link polycystic ovary syn-

drome (PCOS) and breast hypoplasia.

Results: Stein-Leventhal syndrome—named after two American gynecologists—was the original

name for PCOS, and minimal mammary gland tissue was included in the syndrome. Common

characteristics of PCOS, including insulin resistance, obesity, hyperandrogenism, and low proges-

terone levels, may be involved in the pathogenesis of breast hypoplasia.

Conclusion: Lactation professionals should be aware of breast hypoplasia markers and common
features of PCOS to help identify women at risk of low milk production to facilitate timely and

optimal support for infant feeding.

Keywords: polycystic ovarian syndrome; PCOS; insufficient glandular tissue; IGT;
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Causes of Low Milk Production

Low milk production (or “not enough milk”) is the most
common reason women give for ceasing breastfeeding
prematurely around the world (Newby & Davies, 2016;
Stuebe et al., 2014). Primary insufficient milk supply
describes when mothers are inherently unable to make
a full milk supply (Galipeau et al., 2017). Secondary
insufficient milk supply stems from inadequate lactation
management (Galipeau et al., 2017). Perceived insuf-
ficient milk supply is when mothers believe they are not
making enough breast milk regardless of whether a true
insufficient milk supply is present or not (Galipeau et al.,
2017). It is not known what proportion of mothers cease
breastfeeding due to a perceived primary or secondary
insufficient milk supply.
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There are various possible reasons for primary insuf-
ficient milk supply. Previous breast surgery may impact a
woman’s milk production capacity, as might conditions
(such as diabetes and obesity) which may interfere with
hormones involved with breast development and milk
synthesis (Amir & Donath, 2007; Marasco et al., 2000;
Riddle & Nommsen-Rivers, 2016). It is important for
lactation consultants to be aware of possible reasons for
primary insufficient milk supply so that they can identify
infants potentially at risk of low intake, and support
women to maximize their milk supply, discuss strategies
and options for supplementation, and help women
reach realistic breastfeeding goals.

Breast Hypoplasia

Hypoplasic breasts have deficient lobular development
(Winocour & Lemaine, 2013) and is one possible
reason for a primary insufficient milk supply (Riddle
& Nommsen-Rivers, 2017). Kam, Amir et al. (2021)
identified seven studies (all case studies or case series),
which evaluated breastfeeding outcomes in a total of
42 women with breast hypoplasia. Most women in this
systematic review (40/42) ceased exclusive breastfeeding
prior to one month postpartum and the features associ-
ated with insufficient milk production due to hypoplasia
are shown in Table 1 (Kam, Amir et al., 2021).
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TABLE 1. Features Associated With

Insufficient Milk Production Due to Breast
Hypoplasia (Huggins et al., 2000)

Noticeable breast asymmetry

A wide intra-mammary width (>3.8 cm or 1.5 inches)
Stretch marks on one or both breasts

Little or no breast growth in pregnancy

A lack of postpartum engorgement

Minimal breast tissue in the inferomedial and
inferolateral breast quadrants

The causes of breast hypoplasia are not well understood,
but it is thought that hormonal irregularities may impair
glandular tissue development during puberty and/or
pregnancy (Kirigin Bilos, 2017; Nommsen-Rivers, 2016).
According to an international guideline, the diagnosis of
polycystic ovary syndrome (PCOS) requires the presence
of two of the following three factors: (i) biochemical or
clinical evidence of hyperandrogenism (as demonstrated
by serological investigations and calculating free testos-
terone, free androgen index, or calculated bioavailable
testosterone or clinical signs such as hirsutism, alopecia,
and acne), (ii) ovulatory dysfunction (usually oligoamen-
orrhea), or (iii) polycystic ovaries on ultrasound (Teede
et al., 2018). PCOS affects 8%-13% of reproductive-age
women (Teede et al., 2018).

Breastfeeding and PCOS

The original name of PCOS was Stein-Leventhal syn-
drome and was first described in 1935 by American
gynecologists Dr Stein and Dr Leventhal (Azziz &
Adashi, 2016; Stein & Leventhal, 1935). Balcar et al.
(1972) examined the breasts of 61 women (mean age
of 23 years) with Stein-Leventhal syndrome (character-
ized by polycystic ovaries and varying combinations
of irregular menstruation or amenorrhoea, sterility,
hirsutism, and obesity) by soft tissue radiography. They
compared the breast films to normal breast radiographs
from 256 women of various age groups examined for
“cancerophobia” (a fear of cancer) as well as 23 women
with congenital changes without any hormonal disor-
der (Balcar et al., 1972). The breasts of 87% (53/61) of
women with Stein-Leventhal syndrome had reduced
glandular tissue, with 64% (34,/53) described as having
a “marked” reduction in glandular tissue compared to
women in the other two groups (Balcar et al., 1972).

Observational studies have investigated a possible link
between women with PCOS and breastfeeding rates
with conflicting results (Marasco et al., 2000; Vanky
et al.,, 2008; Vanky et al., 2012). Marasco et al. (2000)
presented three case studies of women with PCOS and
insufficient milk supply. McGuire and Rowan (2015)
reported a woman with PCOS and breast hypoplasia, and
low milk supply. A retrospective case analysis reported
breastfeeding patterns after gestational metformin use in
164 women with PCOS; 76% (124/164) initiated breast-
feeding, 78% (97/124) of whom “succeeded” and 22%
(27/124) “failed” (Thatcher & Jackson, 2006 p. 1006).
A case-control study by Riddle and Nommsen-Rivers
(2016) investigated a link between low milk supply and
gestational impaired glucose tolerance and found that
women with low milk supply (n = 175) were no more
likely to have PCOS compared to women without low
milk supply (n = 226). Conversely, another case-control
study by Vanky et al. (2008) of 36 women with PCOS
and 99 controls found that 75% of the women with
PCOS exclusively breastfed at one month postpartum
compared to 89% of controls. However, in this study, the
controls were not matched for body mass index (BMI)
(Vanky et al., 2008). A cross-sectional study of 4,989
women, aged 31-36, from the Australian Longitudinal
Study on Women’s Health (Lee et al., 2005), found that
women reporting PCOS (6.5%) had a lower median
duration of breastfeeding compared to women not
reporting PCOS (Joham et al., 2016). However, when
the researchers adjusted for BMI, there was no difference
in the breastfeeding rates between the women reporting

PCOS or not (Joham et al., 2016).

In a follow-up of their randomized controlled trial com-
paring metformin with placebo in pregnant women with
PCOS (Vanky et al., 2010), Vanky et al. (2012) compared
breastfeeding rates between women with PCOS who
reported an increase in their bra size during pregnancy
and women with PCOS who did not. Women with
PCOS who reported no bra size increase during preg-
nancy had lower rates of exclusive and partial breastfeed-
ing compared to women whose bra size increased (Vanky
et al., 2012). In addition, women whose bra size did not
increase had higher BMIs, blood pressure, serum triglyc-
erides, and fasting insulin levels compared to women
whose bra size did increase (Vanky et al., 2012).

The reasons why some women with PCOS are thought
to struggle to produce sufficient milk relate to endocrine
alterations and clinical manifestations associated with
the syndrome including insulin resistance, obesity,
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hyperandrogenism, and low progesterone levels (Kirigin
Bilos, 2017). Not all women with PCOS experience
insufficient milk supply; this may reflect the heterogene-
ity in the clinical criteria and severity of factors involved
in the diagnosis of PCOS (Ramezani Tehrani & Amiri,
2019; Teede et al., 2018).

Insulin Resistance

Carbohydrates are broken down to glucose in the blood-
stream. The normal function of insulin is to manage
blood glucose levels by transferring glucose from the
blood into liver and muscle cells, to be used as energy.
With insulin resistance, the cells resist the action of
insulin and so glucose cannot enter muscle and liver
cells easily (Cefalu, 2001). Therefore glucose levels build
up in the blood and the pancreas releases more insulin
to try to deal with the increased glucose levels (Cefalu,
2001). Insulin resistance has been associated with the
development of type 2 diabetes, atherosclerosis, and
hypertension (Lebovitz, 2001). It has been estimated
that 50% of women with PCOS have insulin resistance
(Nawrocka-Rutkowska et al., 2013). Insulin plays impor-
tant roles in breast development during pregnancy and
milk synthesis throughout lactation (Kirigin Bilos, 2017;
Nommsen-Rivers, 2016). A rodent study (Berlato &
Doppler, 2009) and a human study (Lemay et al., 2013)
have shown that the mammary gland is highly sensitive
to insulin during lactation, demonstrating that insulin
function is an important contributor to timely secretory
activation and milk production, and confirming the
relationship between insulin resistance and insufficient
milk. A pilot randomized controlled trial investigated
the feasibility and acceptability of metformin to help
overcome insufficient milk supply (Nommsen-Rivers
et al., 2019). The researchers measured milk production
by mothers, testweighing their infants on a specialized
scale immediately before and after feeding on each
breast and weighing all milk expressed over 24 hours
(Nommsen-Rivers et al., 2019). Baseline data from this
study showed strong evidence that milk production was
lower in women with signs of insulin resistance (e.g., the
presence of gestational diabetes, PCOS, or abdominal
obesity) than those without signs of insulin resistance

(p =.002) Nommsen-Rivers et al., 2019).

Obesity

Obesity is a common clinical manifestation of PCOS,
with 30%-75% of women with PCOS estimated to have
a high BMI (Kataoka et al., 2019). Regardless of the pres-

ence of PCOS, women with high BMIs are less likely to
initiate or sustain breastfeeding (Turcksin et al., 2014).

Insulin resistance is a physiological hallmark of obesity
and, as described previously, may be a factor underlying
lactation challenges faced by obese women (Nommsen-
Rivers, 2016). In addition, animal studies demonstrated
that obesity is associated with abnormal mammary gland
development (Flint et al., 2005; Zanton & Heinrichs,
2005). Therefore, some women with PCOS may be at
an increased risk for insufficient milk production due to
their excess weight.

Hyperandrogenism

Hyperandrogenism is a key diagnostic feature of PCOS
affecting between 60% and 100% of women with the
condition (Teede et al., 2018). In the past, androgens
such as testosterone (in combination with estrogens)
were used to suppress lactation (De Gezelle et al., 1979;
Kochenour, 1980). Despite high circulating levels of
estrogen in women with PCOS, hyperandrogenism may
down-regulate estrogen receptors (Kirigin Bilos, 2017)
and result in poorer breast development, especially
during puberty when estrogen (and progesterone) are
the main influences on breast development (Macias &
Hinck, 2012). Studies on rodents have demonstrated
an inhibitory effect of androgens on mammary gland
development during puberty (Walters et al., 2016).

In women, studies have revealed conflicting results
regarding a link between androgen levels and breastfeed-
ing outcomes. Vanky et al. (2008) demonstrated that
third-trimester pre-androgen dehydroepiandrosterone-
sulphate (DHEA) levels were negatively correlated with
breastfeeding rates at 1 and 3 months postpartum.
However, another study by Vanky et al. (2012) showed
that maternal androgen levels during late pregnancy were
not associated with breast size increase during pregnancy
or breastfeeding duration. Also, a prospective cohort
study by Carlsen et al. (2010) evaluated an association
between pregnancy maternal androgen levels (at 25
weeks gestation) and breastfeeding at 6 weeks, 3 months,
and 6 months postpartum in two groups of women. One
group included a random sample of pregnant women
(n = 63) and the other group was comprised of women
at increased risk of giving birth to a small-for-gestational
age newborn (n = 118) (Carlsen et al., 2010). After
adjusting for maternal age, education, and smoking,
breastfeeding was negatively associated with the free
testosterone index (calculated as total testosterone/sex
hormone binding globulin X 100) at 3 and 6 months
postpartum in the healthy sample, and with dehydro-
epiandrosterone levels at 6 weeks and 3 months post-
partum in the small-for-gestational age group (Carlsen

et al., 2010).
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Low Progesterone Levels

The anovulatory status of some women with PCOS
results in overall lower progesterone (Teede et al., 2018).
Low levels of progesterone during pregnancy in women
with PCOS could interfere with gestational breast
alveolar growth (Marasco et al., 2000). There may be a
minimum level of progesterone required to keep a preg-
nancy viable that is lower than what is needed to trigger

the formation and development of the alveoli during
pregnancy (Cassar-Uhl, 2014).

Consultation With Women With Low Milk
Supply

Taking a history is an important aspect of a breastfeeding
consultation. It identifies what the patient’s concerns are
and possible contributing factors while assisting to build
rapport (Williams, 2017). Aspects of taking a good history
include encouraging patient narratives, asking questions,
active listening, using empathy, and understanding the
patient’s psychosocial context (Williams, 2017). Patient
narratives can be encouraged by a friendly demeanor,
verbal encouragement (e.g., “Can you tell me more
about ...”), silent pauses, and eye contact when appropri-
ate. The questions asked at the start are typically open-
ended, although close-ended questions can be useful to
help identify specific factors not elicited by the open-
ended questions or if a topic needs to be explored more
thoroughly (Williams, 2017). Active listening by picking
up on aspects of what the patient says (e.g., “Why did you
..7”) and empathy (“I can understand how that would
have been very upsetting...”) are important aspects of his-
tory taking that help patients feel supported (Williams,

2017). Signposting during an interview indicates the
clinician’s plan (e.g., “I'd like to ask some more questions
before letting you know what I think is going on here”)
and is helpful to minimize patient uncertainty, allowing
them to concentrate and contribute more effectively
(Williams, 2017). Finally, understanding the psychosocial
context of the patient’s breastfeeding concerns is impor-
tant because, often, the contributing factors (or possible
aid) to breastfeeding problems lie within this context

(Williams, 2017).

Taking a good history also assists with implementing
shared decision-making by providing clinicians with
insight into the patient’s values and preferences. Shared
decision-making describes a form of nondirective coun-
selling where a clinician and patient come together as
experts in their own right (Haiek et al., 2021; Légaré et al.,
2011). The end goal of shared decision-making is a patient
making informed decisions that are consistent with their
personal values and acted upon (Haiek et al., 2021).

In addition to PCOS and associated conditions, there
are various other factors that may be involved with the
development of breast hypoplasia. Table 2 is a guide for
taking a history to help identify possible risk factors for a
primary insufficient milk supply due to breast hypoplasia.

The management of low milk supply depends on the
likely causes and requires “timely, empathetic, and
effective support to the mother struggling with her
milk production” (Riddle & Nommsen-Rivers, 2017,
p. 254). Guidelines are available for health professionals
(Brodribb, 2018; Royal Women’s Hospital 2020), and
families may find Marasco and West’s book for a general
audience useful (Marasco & West, 2020).

TABLE 2. Questions to Ask to Identify Risk Factors for Primary Insufficient Milk Supply

Due to Breast Hypoplasia

Question

Rationale

1. Do you have any medical or hormonal
conditions?

Prompts:

¢ Do you have polycystic ovary syndrome

(PCOSY
¢ Do you have type 2 diabetes?

The various endocrinological alterations associated with PCOS
may impact breast development (Kirigin Bilos, 2017).

Insulin is an important hormone associated with breast

development during pregnancy (Kirigin Bilos, 2017; Nommsen-
Rivers, 2016). Therefore, insulin resistance can hamper breast
development during this period (Kirigin Bilog, 2017; Nommsen-
Rivers, 2016).

(Continued)
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TABLE 2. Questions to Ask to Identify Risk Factors for Primary Insufficient Milk Supply

Due to Breast Hypoplasia (Continued)

Question

Rationale

e Did you have gestational diabetes?

* Do you have type 1 diabetes!

* Do you have any problems with your
thyroid gland?

2. Has your weight changed from puberty to
now!

Prompts:

e Would you describe yourself as being
overweight between 8 and 16 years of age!

e Would you describe yourself as being
overweight just prior to pregnancy!

3. Have you ever had any surgery or injury to
your breasts? or chest

4. Did you have any difficulty getting
pregnant!

5. Are your periods usually regular?
Prompts:

* Do you have a history of an eating
disorder that delayed or stopped you from
getting your period?

* Do you have a history of extreme athleti-
cism that delayed or stopped you from
getting your period?

* Did you ever use hormonal birth control
between 8 and 16 years of age for reasons
other than to prevent pregnancy?

* Do you have a close biological female
relative with low milk supply?

As above.

Prolactin and human placental lactogen can be lower in
pregnancy in women with type 1 diabetes and this may affect
breast tissue development (Botta et al., 1984).

Mice models suggest a link between hypothyroidism and altered
mammary gland morphological development (Hovey et al.,

2002; Vonderhaar & Greco, 1979).

A high body mass index (BMI) is associated with altered
breast development due to insulin resistance (Flint et al.,
2005; Nommsen-Rivers, 2016; Sejrsen et al., 2000; Zanton &
Heinrichs, 2005).

As above.

‘Women with breast hypoplasia may have had cosmetic breast
surgery to correct the deformity (Knackstedt et al., 2020
Marasco & West, 2020, p. 140). If any chest surgery cuts through
budding glandular tissue, this may result in breast hypoplasia
(Goyal & Mansel, 2003). Chest trauma may result in altered
breast development, leading to breast hypoplasia (Arabi et al.,
2019; Foley et al., 2008; Sadove & van Aalst, 2005).

If the cause of infertility is an underlying hormonal problem, it
is possible for breast development to be impacted (Marasco &

West, 2020, p. 158).

This may impact hormones involved in breast development

(Marasco & West, 2020, p. 136).

This may impact breast development in the same way as
indicated above.

A “yes” answer to this question may uncover additional avenues
to enquire about.

Breast hypoplasia may have a genetic link in some cases and so
it is worthwhile asking about family history (Arbour & Kessler,
2013; Vaccari et al., 2014).

(Continued)
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TABLE 2. Questions to Ask to Identify Risk Factors for Primary Insufficient Milk Supply

due to Breast Hypoplasia (Continued)

Question Rationale

6. Other questions to ask regarding less
common factors

Radiation to the breast (especially prior to complete

development) may result in breast hypoplasia (Skalkeas et al.,
1972).

Scarring post a breast infection may result in skin restriction and
breast hypoplasia (Eser et al., 2015).

e Have you had to have radiation to your
breast?

e Have you experienced a breast infection?

e Have you lived in agricultural towns where
you may have been exposed to high levels
of hormone-disrupting chemicals when
your mother was pregnant or between the
ages of 8 and 16 years?

Endocrine-disrupting chemical exposure during key stages
of breast development is a possible risk factor for altered
morphological mammary gland development (Kam, Ingman

etal., 2021).

e Do you have a history of congenital
syndromes involving the chest wall?

A history of Poland, Jeune, or ulnarmammary syndrome
or chest wall deformities (e.g., pectus excavatum and pectus
carinatum) can result in breast hypoplasia (Bamshad et al., 1996;

Winocour & Lemaine, 2013).

A history of a breast hemangioma may impact breast
development and result in breast hypoplasia (Theiler et al., 2016;
Velter et al., 2017).

Untreated (or a delay in treatment for) congenital adrenal

* Do you have a history of a breast
hemangioma!’

e Do you have a history of congenital

adrenal hyperplasia? hyperplasia can impair breast development and result in breast
hypoplasia (Kulshreshtha et al., 2012; Schwarz et al., 1995).
Conclusion Arbour, M. W., & Kessler, J. L. (2013). Mammary hypoplasia: Not

When lactation professionals identify women at risk of
primary insufficient milk supply due to breast hypopla-
sia, they can provide women with timely and optimal
support in the critical early postpartum period. In
addition, lactation professionals being able to recognize
factors involved in the development of breast hypoplasia
can result in a timely diagnosis and therefore implemen-
tation of appropriate medical investigation, management
strategies, and psychological support.
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