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Hormonal Continuum

Breast Development & Lactation
require a proper balance of hormones
and their receptors for optimal development

PROLACTIN:

Pretest your knowledge . Androgens

. Estrogen

. Dopamine

Prolactin is
stimulated by which
of the following?

A

B

C

D. Nipple stimulation
E. Sucking pressure
F. Prolactinomas

G

. Domperidone,
metoclopramide

H. Acupuncture
1. All of the above

PROLACTIN:
The Queen of
Mllk PFOdUCtiOD Anterior pituitary
in the (Adenohypophysis)
LaCtaﬁOD Cyde Posterior pituitary

(Neurohypophysis)

Normally about the size of a .
But doubles in size during pregnancy due
to (M E->) hyperplasia and hypertrophy
of prolactin-secreting cells (lactotrophs)

Multiple forms of Prolactin! Normal human prolactin levels
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*Conversion factor:  mU/I x 0,0472 =ng/ml; ng/ml x 21,2 = mU/I.
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Hormones

Estrogen (E2) drives Prolactin in pregnancy

ESTRADIOL PROLACTN
150 15000

WEEKS

O'Leary, P Boyne, . Fet, P, Beilby, 1, & James, | (1991)

“There is clearly a need to examine those changes that occur during normal
pregnancy so that unusual or unexpected trends can be identified...”
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What happens in pregnancy if prolactin is low/suppressed?

Prolactin, ng/mL

0 70 80 20 100 1o 120
Days of gestation

Figure 1. Prolactin concentrations in the blood of gilts (young
primip pig) receiving an empty capsule (CTL) or 10 mg
bromocriptine (Bromo) thrice daily from d 70 to 110 of gestation

Figure 4. Transversal cut M‘ the mxmmxw}u{d of gilts receiving
an empty capsule (C, placebo) or 10m of bromatriptine (B) thrive
daily from d 70 to 110 of gestation

Farmer, C., Sorensen, M. T, & Petitcere, D. (2000). Inhibition of prolactin in the fast trimester of gestation decreases mammary gland development in glts.  Anim Sci, 78(5), 1303-1309.

Prolactin through the reproductive cycle

Baseline a product of surges

Influenced by frequency
& quality of stimulation

PRL clearance = 180 min;
>8x sustains elevation (cor1996)

200-400 ng/mL
4240-3430 mIU/L

60-110ng/mL

1272-2332m UL "
Pregnancy La‘ffatmg

Non-lactating

70-424 miU/L

Preg 0 3mo 6mo BRTH 1mo 2mo 3mo 4mo 5mo 6mo 9mo->

Timing of initiation matters!

Nedkova 1995 (Bulgarian)

Studied effect of early initiation on PRL in 90 women: All newly delivered mothers
had serum PRL level ove"100ng/ml, author accepted as imum threshold

Initiation ol
< 6 hrs post-delivery 164 *:
@ 6-12 hrs post- delivery 124 :
@ 72 hrs post-delivery (c- 29 °
sections)

*Feeding frequency unknown, likely q4hrs

Amplitude matters

“Good lactators gave a prolactin
response 236% above baseline after
nursing whereas poor lactators

showed a blunted or flat response”
-Ostrom, 1990

“..a relatively low basal level and a
moderate feeding-induced response
are early indicators of ...less
productive lactation... In unfavourable
cases, the feeding-induced PRL
increases gradually disappeared and
lactation stopped” -Godo 1988

Zhang 2016: Are prolactin levels linked to suction pressure?
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Hormones

Fomafommigt @

A Family history of alcoholism

v Smaller prolactin response to breast stimulation

Infants fed more often in late afternoon

[ n
of alcoholism. Pediatrics

Sheehan’s
Syndrome

-

Ao |

) | image: Zak 1 Tetal.
o . Radiographics 2007;27:95-108|

Shahzad, H, Sheikh, A, & Sheik L. (2012).

report. BMC Research Notes, (1, 606. Used with permission

Other risk factors

Cranial Radiotherapy (CRT) tx at young age
-> Anterior pituitary problems- GH, PRL
Prolactin declines further over time

High lactation failure rate
Follin: 6/7; Johnston: 10/12

Johnston, K., Vowels, M., Carroll, 5., Neville, K., & Cohn, R. {2008). Failure to lactate: a possible late effect of cranial radiation. Pediatr Blood Cancer, 50(3), 721-722.

Folin et al. (2013). Profactin cranial radiotherapy. Clin Endocrinol (0xf), 79(1), 71-78.

What about
Hyperprolactinemia?

Frequently caused by prolactinomas

Often treated w/ PRL inhibitors, radiation or surgery

Hx of galactorrhea is no guarantee of good lactation

Sporadic information

Hyperprolactinemia is different

rum PR
0-25% of se™
o erprolactner™

sociated with
antibodies'

“big-big” or

frequentlV as
anti-PRL2UE

macroprolactin

*Low biological activity

Radavelli-Bagatini, et al. (2013).
Shimatsu, A., & Hattori, N. (2012). Macroprolactinemia: diagnostic, clinical, and pathogenic significance. Clin Dev Immunol 2012

ia in women with hyperprolactinemia: a 10-year follow-up. Neuro Endocrinol Lett,

CASE I: Treated
w/bromocriptine prior to
pregnancy; levels rose
normally then extra high
(~600ng/12721mIU);
headache @ 39 wks for 6
hrs.

CASE 2: Treated with CRT
(Cobalt Radiation Therapy)
Twins

CASE 3: Tumor removed
surgically. Twin pregnancy.

Batrinos, M. L, Panitsa-Faflia, C., Anapliotou, M., & Pitoulis, . (1981). Prolactin and

Gase study of three mothers

80 M. L. Batrinos et al.
mam
112720 PROLACTIN |

1/
!

o
/

- m/\/\,v |

! f 1

o |

Fig. 1. Serum prolactin levels during preg

ly postparium in three patients with prol

Fig.2. Serum estradiol levels during preg]

Int 1 Ferti, 26{(2), 77-85.
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Hormones

Case study of three mothers

Table 1. Prolaciin (PRL) and esiradiol (Ey) levels in the three patients with prolactinomas
before and after termination of pregnancy

Sucking
Delivery  Amoiotic fluid __ Umbilical cord Before. ARer
Befors proguancy PRL  E, PRL  E,  PRL g L
Protactia (PRL) n/m! ngml _pgml _ ngml  pgiml  ngmi D!l;;nl L’;h ,]:m
Before
Casel  treaiment

‘Afer
bromoeriptine

200-250 we () maw a0 e 2000 (75) ()
After

radistion

Casell 923200 n-5 2650 31,000 #) 375 15,000

& il @ 46000 b a5 ive w20 sa00 (125
Afer cacision
of adcnoma

() e 33 48 30 R @O

“None were able to breastfeed...”

Batrinos et al. (1981). Prolactin and IntJ Fertil, 26(2), 77-85.

Clinical Experiences
-76 comments

“From my experience, women with a history of prolactinomas have
varied lactation outcomes. Some women have hyperlactation, some have
a normal supply, and some have insufficient lactation. Perhaps it is the
treatment pre-pregnancy that impacts the prolactin level postpartum.”

e st i com 3 yperlsctiers Lacstan bt

Checklist

. 1 Did the milk ever come in?

-

Screening
or

PrOladl n a. [ Hx of infertility, meds like cabergoline
problems or bromocriptine

s. [ Personal or family hx of autoimmune
problems? Alcoholism?

. 1 Hx of pp hemorrhage, acute hypotension?

N

. 01 Hx of pituitary problems or tumors?

w

Treatment quandary for low prolactin
n

Pha.rmaceutica/
stlmu[at,-o n
3 off-labe |~

Domperidone

Replacement
: therapy

N/A

Physical
stimulati
gmeah

Measuring prolactin

For Basal/Baseline level:
After 2-3 hours no stimulation

For Surge:
30-45-from-startof

a0rimgipuaftingnd of
nursing/pumping

w0

Prolactin Problems

Laboratory Measuring issues:

-Labs have no reference ranges for lactation!
-Must factor in frequency of feeding/pumping

“29.240

a0
Post e
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Hormones

Prolactin Reference

Thyroid Dysfunction

Approximate Prolactin Levels for Exclusively Breastfeeding Can be primary, secondary,
Stage [ Baseline | Level after Suckling overt, subclinical, autoimmune
ng/mL mlU/ ng/mL miU/l
Female menstrual life 2-20 42-425 f )
Onset can be i
Third trimester of pregnancy 100-550 2128-11700 . _— Can'also .OCCUI’. n
Term pregnancy 200-600 4255-12766 prlo‘r to preg, \ conjunction with
First 10 days postpartum 200 4255 400 8510 during preg, post- il | other conditions
1 month 100-140 2128-2978 260-310 | $532-6596 delivery, or ‘.—_—_:,\\\“"'"’ such as PCOS
2 months 100-140 2128-2978 195-240 | 4149-5106 even later m..égi—m..
4 months 60-80 1277-1702 120-155 | 2553-3298 o= g
6 months 50-65 1063-1383 80-100 | 1702-2128 o ...
| 7 months-1 year | 3040 | 638851 | 45-80 | 957-1702 Incidence much higher in women
THYROID: A Infertility Thyroid Hormones requlate metabolism
Pretest your knowledge B. Autoimmunity
C. Hyperemesis THYROID HORMONES: THYROID HORMONES
Which of the D. Anemia T3 = triiodothyronine e =
following have been E. Hypertension, pre-eclampsia T4 = thyroxine
. ; ) % s
associated with F. Changes in pregnancy breast *— .

development

g,
FEEDBACK REGULATION: o & .
T

TRH = Thyroid-releasing hormone

Reproductive Endocrinologist Perspective

RE preferred TSH range for preconception is
.5-2.5, with 1.0 as ideal

2018 proposed range .3-3.5 for general &
fertility (Moncayo 2017)

->Pregnancy ranges are trimester specific
Controversial- still not settled

G. Fast letdown ' > |
| dl . TSH = Thyroid-stimulating hormone, O ¥ \)
H. Delayed lactation also called thyrotropin. Indicator of 0
I. Low milk supply thyroid function.
J. Hyper production of milk
K. All of the above prolactin || Thyroid Hypertension ] 1ON
HYPOTHYROIDISM: Not enough hormone re—

HYPOTHYROIDISM
High TSH verified by low T3/T4

«*Common symptoms may
include weight gain, cold,
fatigue, hair loss

+»Can affect fertility

“»Hashimoto’s thyroiditis-
autoimmune, most common
cause

© Lisa Marasco 2024




Hormones

Hypothyroidism in Pregnancy

Uncontrolled hypothyroidism can cause
- anemia

—> pregnancy induced hypertension
- postpartum hemorrhage

Risk factors for
delayed Lact 2

Rat studies: Less mammary tissue development

Fig. 3. The effects of thyroid hormones and progesterone (P) on tertiary branching. Whole mounts of
mammary glands from mice are presented. (A) 3-month-oldC3Hmouse; (8) 3-month-old hypothyroid
C3H mouse, after treatment with propylthiouracil for 5 weeks; (C) 3-month-old hyperthyroid C3H
mouse, treated with thyroxine for 5 weeks; (D) 39-day-old BALB/c mouse (reproduced by permission
of the Society for Endocrinology; 58); (E) 39-day-old intact BALB/c mouse treated with P for 15 days
(reproduced by permission of the Society for Endocrinology; 58).

Hovey, R.C, Trott, J. ., & Vonderhaar, 8. K. (2002} Establishinga framework for the functional mammary
) 711), 17:38.

Hypothyroid rats have smaller litters, longer gestations and
“poorer [actation”

(Hapon 2003, 2005)

And MER problems

...a reduction in circulating
Oxytocin .$ postpartum with
impaired milk ejection &
lactation (Hapon 2003, 2005)

Accelerated involution

(Campo Verde Arbocco 2016, 2017)

Symptoms of

HYPERTHYROIDISM- too much hormone! HYPERTHYROIDISM

Low TSH verified by elevated T3/T4

«» Common sx include weight loss,
fast heart beat, sleep problems,
nervousness, frequent BMs

«»* Grave’s most common cause,
autoimmune

«»* Previously thought not to
affect lactation

© Lisa Marasco 2024




Hormones

. . Impact on mammary development
Hyperthyroidism AR . - -

Hypothyroid B Hyperthyroid C

“Almost total absence of adipose tissue”
in mammary gland

Normal

Sx often improve during pregnancy,
but more severe HT can cause

\ " i} pregnancy complications such as
. A - Hyperemesis

= -> Fetal growth restriction
- Pre-eclampsia Fig. 3. The effects of thyroid hormones and progesterone (P) on tertiary branching. Whole mounts of

mammary glands from mice are presented. (A) 3-month-oldC3Hmouse; (B) 3-month-old hypothyroid

J

C3H mouse, after treatment with propylthiouracil for 5 weeks; (C) 3-month-old hyperthyroid C3H

9 Preterm labor mouse, treated with thyroxine for 5 weeks; (D) 39-day-old BALB/c mouse (reproduced by permission

of the Society for Endocrinology; 58); (E) 39-day-old intact BALB/c mouse treated with P for 15 days
(reproduced by permission of the Society for Endocrinology; 58).

Hovey, R.C, Trott, J. ., & Vonderhaar, 8. K. (2002} Establishinga framework for the functional mammary
) 711), 17:38.

Rat studies: Hyperthyroid Pregnant hyperT rats showed good mammary growth
. and evidence of milk production but poor or complete
lactation failure depending on the degree of hyperT

| —

Problem was pinpointed to oxytocin release and milk

Hyperthyroid rats have larger litters with L
vp Y g ejection (varas 2002)

earlier and prolonged labors.

POSTPARTUM THYROIDITIS/
POSTPARTUM THYROID DYSFUNCTION

Checklist
->Unexplainable sluggish milk production OR rapid
onset of milk production OR hyperlactation OR
change in milk output OR letdown problem

Q History of thyroid problems before now?

Q Thyroid fumetion questioned during preguanoy?
Q Thyrold treatment during pregnancy?

Q Sudden wexplained chauges in energy, mood,
weight, skin, heat or sold intoleravce?

Q Fawily history of thyroid problems?

Q At risk for excess or deficient iodine intake?

Q visivle goiter?

Q Personal/family history of autsimmume problems?

Screening

for
PPT occurs at a rate of ~5% of all pregnancies tl’)yl’Oid

Onset anytime in 1st year, but usually 1-6 mos problems

Now considered an autoimmune condition

Thyroid function usually normalizes by 12 mos
but at high risk of failing later

© Lisa Marasco 2024



Hormones

Strategy for Thyroid & Supply: the First Step

Replacement hormone is Reducing thyroxine is
first line of treatment for the first line of defense
hypoT-related supply for hyperT- related
problems... milk supply problems
The dessicated thyroid

extract debate

Beware of over- or under-treatment postpartum

American Thyroid Assoc weighs in (2017)

Recommendation 74:

As maternal hypothyroidism can adversely impact
lactation, women experiencing poor lactation
without other identified causes should have TSH
measured to assess for thyroid dysfunction.

Alexander, E. K., Pearce, E. N., Brent, G. A., Brown, R. S., Chen, H., Dosiou, C., ... Sullivan, S. (2017). 2017 Guidelines of the American
Thyroid Association for the Diagnosis and Management of Thyroid Disease During Pregnancy and the Postpartum. Thyroid

American Thyroid Assoc weighs in (2017)

Recommendation 75:

Given its adverse impact on milk production and
letdown, subclinical and overt hypothyroidism should
be treated in lactating women seeking to breastfeed.

Alexander, E. K., Pearce, E. N., Brent, G. A., Brown, R. 5., Chen, H., Dosiou, C., ... Sullivan, 5. (2017). 2017 Guidelines of the American
Thyroid Association for the Diagnosis and Management of Thyroid Disease During Pregnancy and the Postpartum. Thyroid

American Thyroid Assoc weighs in (2017)

Recommendation 76:

The impact of maternal hyperthyroidism upon lactation
is not well understood. Therefore, no recommendation
to treat maternal hyperthyroidism on the grounds of
improving lactation can be made at this time. (No
recommendation, Insufficient Evidence)

Alexander, . K., Pearce, E. N, Brent, G. A, Brown, R.S., Chen, H., Dosiou, C., ... Sullivan, 5. (2017). 2017 Guidelines of the American
Thyroid Association for the Diagnosis and Management of Thyroid Disease During Pregnancy and the Postpartum. Thyroid

Second level help for thyroid-related problems

Oxytocin Other?
nasal spray?

Disclosure: Y
off-label use s

—

Metformin

> )-,sf

Oxytocin Nasal

|

"ol

Cowley, K. C. (2005). Psych d Induction of the Facilitate Bfg by Tetraplegic Women: A Report of 3 Cases. Arch Phys Med Rehab
Cannarella et al. (2021). TSH lowering effects of metformin:  possible mechanism of action. / Endocrinol Invest

Benvenga et al. (2021). The Role of Inositol in in Subclinical

Ventura, Melo, & Carrilho (2017). Selenium and Thyroid Disease: From Pathophysiology to Treatment. International journal of endocrinology,

Thyroid affective galactogogue herbs

Ashwagandha- stimulates T3

Chickweed- supportive

Dandelion- supportive

Milk thistle- improves T4->T3

Nettle- supportive/balancing

Vervain- supportive

Red clover- increased total & free T3 in ewes

Malunggay? tested for use with hyperthyroidism
A Fenugreek- Reduced T3 in mice & rats;

Yarnell 2006; Tahiliani 2003; Panda 1999

© Lisa Marasco 2024




Hormones

Insulin Resistance,
Metabolic Health
& PCOS

INSULIN:

Pretest your knowledge

. Acanthosis nigricans, Skin tags
. Excessive weight gain

. Hypothyroidism

. Gestational diabetes

. Insulin-dependent diabetes T1

. Persistent PTPRF levels during
transition period

. Shorter duration of lactation
. Hyperinsulinemia
Decreased androgens
Changes in pubertal breast growth

. Imbalances in myo- and d-chiro-
inositol

L. All of the above

Which of the
following may be
associated with
insulin resistance 7

Mmoo w>

A- T IO

under breast,
in armpit,
._nape of neck 8

&

Insulin & Lactation- New findings

Milk fat globule §7%

v Cell membrane

RNA
sequencing

Lemay, DG...Nommsen-Rivers, L. A. (2013). RNA Sequencing of the Human Milk Fat Layer
Transcriptome Reveals Distinct Gene Expression Profiles at Three Stages of Lactation.

Breast insulin dynamics change with stages

Colostrum - Transitional Milk

Transitional -> Mature Milk

Strong modulation of insulin signaling
Breast becomes sensitized to insulin _—* | expression.

Insulin signaling maintains steady-state Robust

Up-regulation of lipogenesis, protein

synthesis

~ Toning down of initial steep up-regulation of
metabolic signals via up-regulation of PTPRF,
which suppresses insulin action

Inhibition of apoptosis, glycolysis and

glycogenesis

PTPRF 9 PIPRFY |

PTPRF = protein tyrosine phosphatase, receptor type F
(Insulin necessary for milk protein synthesis)

Lemay, et a. (2013). RNA Sequencing of the Human Milk Fat Layer Transcriptome Reveals Distint Gene Expression Profiles t Three Stages of Lactaion.

© Lisa Marasco 2024




Hormones

How IR can affect milk production
varkers__________[Matwremikorowpr | _____________|

Median onset of notably fuller 34 hrs 74 hrs.
breasts

Insulin secretion Above median Below median

Insulin sensitivity Above median Below median

Expression of PTPRF _baseline_ Significantly higher than Group 1
(over-expressed)

All reported difficulty with milk
supply at either day 4 or pp

week 4-6 interviews

Milk Production

experience a more sluggish increase in milk output in response to infant
demand as a result of PTPRF over-expression in the mammary gland”

Lemay, et. al. (2013). RNA Sequencing of the Human Milk Fat Layer Transcriptome Reveals Distinct Gene Expression
Profiles at Three Stages of Lactation.

@E CONCLUDING HYPOTHESIS: “Women w/ decreased insulin sensitivity (IR) will
. -

A limitor of insulin
action and milk
production

48 mothers 1-8wks pp
w/low supply

SN

‘ 33 had signs of IR ‘ ‘ 15 non-IR ‘
! |
[ Bmi~37 | [ BmI ~25 |

! !

Milk production Milk production
median 216 [158-332] | | median 377 [294-598]

“Additional deficit associated w/ IR”

Nommsen-Rivers, et al. (2017). Milk Production in Mothers with
and without Signs of Insulin Resistance. The FASES Journal

Glover (2017). Impact of metabolic dysfunction on breastfeeding outcomes in GDM

ey v R 5% | s
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A1C, BMI, OGTT &
subscapular were

associated Wy ShQLHEL not o Mltrecd il lon
duration of lactation

Lo |
55 wip 28

A1CHow" Estimated Average
Value Glucose (¢AG)
() (mgiaL)

105 and 2% 253and
above 200 above

'desir

A1CNow" Estimated Average
Value Glucose (eAG)
» . =57 Confirmed by Verd 2016
10.5and n 2% 253and
above " 269 above
NV - w Compared parents with normal
T e M 1-hr glucose challenge tests

- (<7.8 mmol/L) with those who

had elevated 1-hr test (> 7.8mmol/L
but <10.6 mmol/L) but below
threshold for GDM diagnosis

—) [
40-60 68 -128
4 &8

Results: Mildly impaired women abandoned exclusive breastfeeding
sooner than non-impaired: OR 1.65

Verd etal. (2016). The Effects of essation.

EXTERNAL CONTROL [NORMAL]
Exclusively bfg, infant wt

velocity >20g/day n=12

Normal wt
Overweight

GDM 8%

Severely Low Supply had significant differences in: BMI, waist circumference, glucose, c-petide,
HOMA-IR, Elevated Triglycerides, systolic & diastolic blood pressure, metabolic syndrome risk z-score

Nommsen-Rivers et al. (2022). Measures of Maternal Metabolic Health as Predictors of Severely Low Milk Production. Breastfeed Med.

Metabolic hea

severe low supply risk 2022

Original LMS study
MODERATE LOW-NORMAL
n=12

Normal wt 25%

Overweight 42%

GDM 0%

Ith predicts

Original LMS study
SEVERELY Low
n=18

Normal wt 6%
Overweight 11%

GDM 39%

© Lisa Marasco 2024
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s Scatter plot of 24-hr milk production by NOMMSEN-AIVERS ET AL.
Metabolic Syndrome Severity Score

Joomaiconra | [rusmscinast Joryioncoe

Bohour MilkProducton, mi
-

FIG,
sign
adults aged
Solid gray
mellitus diag i
Nommsen-Rivers et al. (2022). Measures of Maternal Metabolic Health as Predictors of Severely Low Milk Production. Breastfeed Med.

Matias 2014: GDM Risk factors for lactation problems

N=883 Racially and ethnically diverse population
1/3 of GDM mothers experienced delayed onset of lactogenesis

Matias et al. (2014). Maternal prepregnancy obesity and insulin treatment during pregnancy are independently associated with delayed lactogenesis in women
with recent gestational diabetes mellitus.

5/8 Suwaydi 2022 GDM parents had DOL; 2 had long term LMS

Suwaydi et al. (2022). Delayed secretory activation and low milk production in women with gestational diabetes: a case series. BMC Pregnancy Childbirth

Pregnancy complications/GDM

Healthy = 527 86% 17 wks

GDM all = 257 75% 9 wks

GDM-Diet 12 wks 20 wks
GDM Insulin 4 wks 10 wks
GDM +BMI <30 | 80% 17 wks
GDM +BMI>30 | 65% 12 wks

Conclusions: Parents with GDM, especially those with
insulin-dependent gestational diabetes, and obese
mothers breastfed their children significantly less and
for a shorter duration than healthy mothers.

Hummel e al. (2008). Breastieeding in women with gestational diabetes
Wo etal, (2021). Gestational Risk of Delayed Onset Meta-Analysi. Bfg Med

Speaking of insulin. .. Herskin 2015

Type 1 93% 72% 61% 49%
Type 2 (pregestational) 86% 45% 34% 23%

STANDARD PRACTICE: Insulin-controlled during pregnancy

VALIDATING RESEARCH EMERGING

Herskin et al. (2015). Low prevalence of long-term breastfeeding among women with type 2 diabetes. J Matern Fetal Neonatal Med

Lee & Kelleher. (2016). Biological underpinnings of breastfeeding challenges: the role of genetics, diet, and environment on lactation
physiology. Am J Physiol Endocrinol Metab

Cordero etal. (2022). Exclusive breastfeeding among women with type 1and type 2 diabetes mellitus. BMC Pregnancy Childbirth

Wu et al. (2021). Gestational Diabetes Mellitus & Risk of Delayed Onset of Lactogenesis: A Systematic Review and Meta-Analysis. Bfg Med

Triple Risk of Lactation Problems for in’s‘glirkin pregnancy:

“Women with GDM who are ~  AOR3.11
on insulin therapy have a .
delay in the onset of
lactation, which suggests 5
that insulin treatment may . .
have adverse effects on milk g f
production or composition =4
in humans.” >

- Lee & Kelleher 2015 2

Matias et al. (2014). Maternal prepregnancy obesity and insulin treatment during pregnancy are independently associated with delayed lactogenesis in women
with recent gestational diabetes mellitus.

The Hyperinsulinemia-Androgen connection

Interference
w/removal of
insulin by liver

' SHBG production in liver;
“ Ovarian androgens

More free
androgens

\_/

Corlen,S M, & Varky, £ (2010], 2513, 78590,

© Lisa Marasco 2024
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Hormones

Androgens vs estrogens in the breast

Estrogen stimulates
development of
mammary tissue

el T
A

Androgens slow growth
of mammary tissue

mammary gland. ) 006; 22(3):118-30.

Clinical Symptoms of HYPERandrogenism

or male-patte

Fetal

Thanks o . Crig, MD

AN
Adult Y
P lactational capacity via
androgens
Puberty|
)
4 N,

Excess wt w/ IR influence on pubertal mammary growth

May reduce breast size &

Can decrease overall glandular
tissue inside (IGT)

Can increase breast size
(hypertrophy)

What about Polycystic Ovary Syndrome (PCOS) ?
il e

Polycystic ovarian syndrome and low milk
supply: Is insulin resistance the missing link?

N=?
Insulin Resistant

Riddle & Nommsen-Rivers 2016:
“PCOS as a risk factor for insufficient lactation may be limited
to the subset of women with postpartum glucose intolerance”

Checklist

Scyeen i ng Q Persoval or family history of diabetes?
(O r l nsu ] l n Q Failed pregunancy glucose tolerance tost?

Q Diagnesed with Gestational Diabetes
pr oblems Weliitus?

Q Visible acanthosis vigricans?
Q Visible skin tags? (whew did they grow?)
Q Ouset of above symptoms?

© Lisa Marasco 2024
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)

=
R z wliver 3}:
; &?nmn Qo

C PatientsES
control

é
c
©

Management, weight loss, diet changes, supplements, medications

Most importantly...

Early frequent feeds to bring the milk in faster
Targeted prenatal-postnatal education reduced drop off

Chertok, . R, & Sherby, E. (2016). e
Stuebe etal. 2016). A C| Trial of

With and Diabetes.

e

Smart foods and supplements for insulin resistance

I Chromum YR
Picolinate

The Next Level: Insulin sensitizers

Medscape
Metformin
l[nsulm glucose l hyperadrogenaemia lipidsj
resistance llevels

3 ing Medicines bolic Aberrations in PCOS
Alexandra Barglota; Evanthia Diamanti-Kandarakis. Ther Advin Endo and Metab. 2012;3(1):27-47.
Effects of treatment with metformin on TSH levels: a meta-analysis of literature studies. Lupoli et al. (2014). J Clin Endocrinol Metab, 99(1), E143-148. doi:10.1210/jc. 2013-2965

MALMS: Metformin to Augment Low Milk Production

Nommsen-Rivers 2019

Metformin
2 Z

Participants:
* 15 mothers 1-8 weeks post

birth, low supply, signs of IR Results (peaked @ 14d) Max change in milk
« Median output mis/24 hrs
Arms: (28 day treatment) Metformin ALL n=10 +8 (-23 to 33)
« Standard Care + Metformin,

titrated 750mg to 2000mg
 Standard Care + Placebo

“Strong negative association between signs of
insulin resistance and baseline milk output”

© Lisa Marasco 2024
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Interesting Case Study

-Measured output via infant transfer
08, s it v 1 ey = 52m|5/day

-Did not respond to domperidone @
30 or 60mg

-Clinical indications of insulin
resistance

Metformin: Transfer increased 69%
e, o . 015, e i = SIS/ DAY

milk supply: A case study. Breastfeeding Review, 23(3), 29-32.

The Second M
FAN

Myodnositol

. Inositol glycans

< L

i | [ L -

i ——
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oo -

Naturally occurrln eq type of sugar

Foods High in Inositol

Clements & Darnell, 1980

% cantaloupe

(100g) 355mg |

“Citrusparadisi(Gro ) whit bg” by Citrus_paracis_(Grapefu,_pink}og:) XAleph)derivative work— raeky -
s prads (G SR . Uenoedunder oY A sy Wimeds Comore

Larner 2010

Myo I'nosi’col vs D-chiro-inositol

a@(m
nh
m
n
o
.
tol-1
ﬂ-p orylation
o on o o
w Jo— w
D-chlro—inmilol myo»lnosltol

Figure 5. Conversion of D-glucose-6-phosphate to myo-inositol-1-phosphate by cycliza-
tion. Myo-inositl-1-phosphate is then dephosphorylated to myo-inositol. which then is
converted by epimerization of the C3 hydroxyl (dashed left arrow) to DCI.

Larner 2010
Groups Myo/D-chiro
Control 25
Nondiabetic relatives of type If 13.2

diabetic patients

Type 1 diabetes patients 13.6

Insulin resistance is frequently associated with
an imbalance of Myo-I to D-chiro-|

— Caused by

1) impaired conversion and/or
2) increased urinary clearance of D-chiro-1

Larner, Brautigan & Thorner. (2010). D-chiro-inositol glycans in insulin signaling and insulin resistance. Molecular Medicine

© Lisa Marasco 2024

Another option?

40:1

Myo D-chiro
Virtually nggide-effects

Unfer 2014; Kalra 2016; Tahir 2019
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INSULIN:
Now what do you think?

. Acanthosis nigricans, Skin tags
. Excessive weight gain

. Hypothyroidism

. Gestational diabetes

. Insulin-dependent diabetes T1

. Persistent PTPRF levels during
transition period

. Shorter duration of lactation
. Hyperinsulinemia
Decreased androgens
Changes in pubertal breast growth

. Imbalances in myo- & d-chiro-
inositol

L. All of the above

Which of the
following may be
associated with
insulin resistance 7

Mmoo O W >

AE-E T IO

HYPERTENSION:

Pretest your knowledge A. Delayed onset of lactation

B. Shorter duration of
Which of the following lactation
problems might occur
with hypertension and

related conditions?

C. Impaired placental
function/hormones

D. Lower prolactin

E. Impaired myoepithelial cell
contraction (milk ejection)

F. All of the above

HYPERTENSION: fallout from metabolic issues
|\

PIH associated with delayed lactogenesis (salahugeen 2013)

Birth parents with gestational hypertension have
more difficulties maintaining exclusive bfg and
shorter duration after 6 mos (strapasson 2018)

Women with hypertensive disease of pregnancy
bfd significantly less often, esp. W/HELLP (ieeners, 2005)

Variable clinical presentations... may include both

primary (disease itself) and secondary (tx fallout) factors
(Demirci 2018)

v" OXYTOCIN

v’ PLACENTA

v’ PROLACTIN £ -

X

36-39 40-42 M -4
weeks weeks i caanie

Normotensive ~ 225ng/mL 205ng/mL  229ng/mL

N=121 70-566  65-584 64-496 e @“ % f‘;’ ]

Pre-eclampsia 155ng/mL 183ng/mL  178ng/mL &h 12h
27-465  47-414 63-326
Essential 180ng/mL 171ng/mL  149ng/mL | Impaired contraction

85-444 52-420 104-219 response to oxytocin,
possibly due to decreased
OT receptor expression in
the mammary gland

Potential calcifications, [ (Primary)
reduced PTHrP, Bypettension
impaired function->
could affect mammary
gland development

Mean and range

Akahoshi et al. (2019). Preeclampsia-Like

Yuen, B. H, Cannon, W., Woolley, S, & Charles, E. (1978). Maternal plasma Features and Partial Lactation Faiure in

and amiotic fluid prolactin levels in normal and hypertensive pregnancy.

Nahar et al. 2013; Goswami 2012;
Majundar 2005; Wiodek 2003

Mice Lacking Cystathionine gammar-Lyase-
An Animal Model of Cystathioninuria.

And what about magnesium tx?
CLUE:

MgSO4= Calcium antagonist, relaxes smooth muscle,
leads to increased OT requirements for uterine toning
during c-section (Hasanein 2015)

v’ Birth parents who took it >4wks before delivery
were less likely to discharge fully bfg (anderson 2017; brugs that
suppress lactation, Part 1)

v' Postpartum tx assoc w/impaired MER, delayed Lact
2, infant lethargy (& > wt loss)

One hospita's v

Strategy: anticipatory guidance

observation &

experience v’ Early frequency breast stim

v’ Patience

v Magnesium suppl should be balanced- Mag with
CA better

© Lisa Marasco 2024
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Hormone testing: The Next Step?

Remember: We Know Not Because We Ask Not

1
~{0°

Is it really WNL? CQNEE\

B
Or did we just UNQL ﬁ“‘
> -
assume this: psR/PLEx@

(DISORIENTED $§BEWILDERED

How do | know what is normal?

@ Look at lab ranges

pregnancy or lactation?

@ s this a hormone that is affected by

@ Develop your expert contact network

© Lisa Marasco 2024
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