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I have 
nothing

to 
declare!



Objectives

 Explain the utility 
of lab values in 
lactation

 Discuss various 
hormones and 
their relation to 
lactation

 Evaluate lab 
results relative to 
breastfeeding 
interventions



Why lab values?

 Often considered or ordered to 
evaluate reasons for insufficient 
breastmilk

 May help provide a picture of 
the hormonal milieu of lactation

 But……
 What do these values really 

mean or what do they tell us?
 Can they contribute to a plan 

of care?



Prolactin----the hero of milk production!

 What does it do? Why is it necessary?
 Prolactin is necessary for 

glucocorticoid stimulation of the milk 
protein genes in mammary epithelial 
cells 

 Prolactin production in the anterior 
pituitary gland relies on estrogen, 
progesterone, glucocorticoids, insulin, 
the thyroid hormone, oxytocin, and 
the parathyroid hormone

 Permissive hormone
 While necessary for milk secretion, milk 

volume is not directly regulated by the 
prolactin concentration in the plasma

 The initial step in the mechanism of 
action of prolactin is the binding to 
prolactin receptors on the surface 
of the milk gland epithelial cells in 
order to reach the target genes in 
the alveoli

 This interaction activates the JAK 
2/STAT5A transduction signal 
(transmission of 
molecular signals from a cell's 
exterior to its interior)that plays a 
role in alveologenesis during 
pregnancy and leads to the 
expression of milk protein-forming 
genes



Prolactin receptors

 Prolactin receptor (PRLR) is a type I cytokine 
receptor encoded in humans by 
the PRLR gene on chromosome 5p13-14 

 It is the receptor for prolactin
 PRLR supports milk production through the 

physiological activation pathway of the 
JAK2/STAT5 cascade

 Captures prolactin and transfers it to the milk 
secreting cells through cell signaling

 Early and frequent breast stimulation 
increases the number of prolactin receptors, 
setting the theoretical maximum volume of 
milk production

 Lack of frequent breast stimulation 
and other prolactin enhancing 
behaviors during the first few days of 
lactation when prolactin is high may 
down regulate prolactin receptors 

 Loss-of-function mutations in prolactin 
receptors, sometimes in the presence 
of hyperprolactinemia, can depress 
milk volume

 High body mass index may interfere 
with PRLR gene expression resulting in 
lower milk volume



Do some mothers have 
the wrong kind of prolactin?

 3 kinds of prolactin, 2 of which 
are inactive

 Big prolactin and Big-Big prolactin 
(macroprolactin) are inactive

 All show up in total blood 
prolactin test, making it look like 
normal levels

 Do moms with high prolactin 
levels and little milk have the 
wrong kind of prolactin?

 Macroprolactin should be <40%
 Testing should be done with 

polyethylene glycol precipitation

Up to 
80% 10-30% 3.7%

Saleem et al. (2018).Clin Biochem Rev 39(1), 3-16



Measuring prolactin…it’s not that easy 
and the numbers vary greatly

 Increase during pregnancy and 
peak at 130-500 ng/mL in 3rd

trimester
 Decrease to baseline of ~200 

ng/mL during 1st 10 days
 Increase to ~400 ng/mL after 

suckling
 Increases/peaks 30 minutes after a 

feeding
 Circadian rhythm-peaks between 

2:00-5:00am
 Lowest in late afternoon/early 

evening

 Continuously decrease over the first year of lactation
 Can vary depending on 

 the lab conducting the test
 what values the lab uses
 how and when the blood sample was collected
 what particular test is used
 are the various forms of prolactin fractioned or 

accounted for, i.e., what percentage is 
macroprolactin

 herbal preparations
 fenugreek  prolactin during first 3 days postpartum 

but not after that
 Abdou & Fathey. (2018). Egyptian Pediatr Assoc 

Gazette, 66(3), 57-60       



All values are 
approximate and 
drawn from several 
sources

Many sources are 
older (20-50 years 
old!!) and use 
outdated assay 
techniques

Some sources 
conflict with others

Stage of 
lactation

Baseline Post suckling

Non-pregnant 
female

~2-20 ng/mL

Pregnancy at 
term

~139-500 ng/mL

First ten days ~200 ng/mL ~400 ng/mL or 
more

Four weeks ~100-140 ng/mL ~260-310 ng/mL

Eight weeks ~100-140 ng/mL ~195-240 ng/mL

Four months ~60-80 ng/mL ~120-155 ng/mL

Six months ~50-65 ng/mL ~80-100ng/mL

Seven months to 
one year

~30-40 ng/mL ~45-80 ng/mL



Prolactin
values have a 
wide range of 
trajectories

STUEBE ET AL. (2015). 
BREASTFEEDING MEDICINE, 

10(4), 197-202



Factors that affect prolactin levels
Have these been accounted for?

Some factors contributing to 
elevated prolactin levels

 Stress
 Hypoglycemia
 Certain medications

 Some first and second generation antipsychotics
 Some antidepressants
 Some mono amine oxidase inhibitors
 Some antihypertensives
 Some opioid analgesics

 Macroprolactinemia (10-25% in patients with 
raised prolactin levels)

 Pituitary adenomas
 Prolactinoma (pituitary tumors)

Some factors contributing to 
decreased prolactin levels

 Primary prolactin deficiency
 Autoimmune antibodies to prolactin
 Pituitary problems (Sheehan’s syndrome)
 Family history of alcoholism
 BMI >26 (depressed prolactin surge)
 Insulin resistance
 High testosterone levels 
 Certain medications

 Aripiprazole (Abilify)
 Promethazine (Phenergan) 



More to consider regarding prolactin

 Prolactin levels can be “normal” but 
lactocyte uptake of circulating prolactin 
could be problematic

 Prolactin physiology can vary by number of 
feedings per day and duration of each 
feeding

 More frequent feedings are associated with 
higher baseline prolactin

 Longer duration feedings showed higher 
levels of prolactin
 Stuebe et al. (2015). Breastfeeding Medicine, 

10(4), 197-202.

 Clinically useful reference values for 
prolactin seem elusive!



Thyroid Hormones

 Hypothyroidism (Hashimoto thyroiditis) 1-4 months PP
 high levels of thyroid stimulating hormone (TSH) and 

low levels of triiodothyronine (T3,T4)
 fatigue, depression, dry skin, constipation, hair loss, 

muscle aches
 Levothyroxine (Synthroid)

 Hyperthyroidism (Grave’s disease) 4-12 months PP
 Propylthiouracil or methimazole (Tapazole)

 Postpartum thyroiditis starts with a transient 
hyperthyroidism lasting for a few to several weeks, then 
transitions to a hypothyroid state, lasting a few to 
several months

 Can negatively affect milk ejection reflex with 
subsequent low milk production

 Need to evaluate milk ejection during feedings when 
troubleshooting milk insufficiency or thyroid issues

 Thyroid gland works with hypothalamus and 
pituitary gland to regulate metabolism and 
cellular activity

 Thyroid stimulating hormone (TSH) controls 
release of T3 and T4 which control 
metabolism

 Triiodothyronine (T3)
 Thyroxine (T4) (bound and free T4 or 

unbound)
 T4 is generally inactive and works as a 

storage hormone to transport T3 to the 
proper organs in the body

 T4 must be converted to T3 before the body 
can use it for energy in the cells, which 
mostly happens in the liver

 All these must be balanced!



Thyroid gymnastics

11
• Hypothalamus produces thyrotropin-releasing hormone
• Pituitary gland makes thyroid stimulating hormone, releases it into bloodstream, 

where it binds to receptors on thyroid gland

22

• After TSH binds to cells on thyroid, thyroid gland is told to produce T3 and T4 and 
release them into the bloodstream

• Once T4 and T3 reach a certain limit a negative feedback loop to the pituitary 
stops production of TSH

33

• Deiodination converts T4 into T3, the biologically active form of the thyroid 
hormone

• TSH hormone test may not be enough. T4 hormone test to determine 
hypothyroidism. T3 hormone test to determine hyperthyroidism.



Pathogenesis
 During pregnancy, maternal immune activities 

are suppressed to prevent rejection of the fetus
 Sudden release from this mechanism following 

delivery intensifies immune activities
 Immune rebound can exacerbate tissue injury in 

Hashimoto’s thyroiditis as well as exacerbate 
Grave’s disease

 Postpartum thyroiditis  incidence of about 5% or 1 
in 20 pregnant women develop postpartum 
thyroid dysfunction

 Thyroid dysfunction can be hypothyroid, 
hyperthyroid, transient, or persistent



Relationship between impaired 
lactation and thyroid dysfunction is 

not clear
 Literature on thyroid function and human 

lactation is scant and much is very old
 Dysfunction can negatively affect milk 

synthesis, milk ejection, lactogenesis, and 
ongoing maintenance of lactation

 Effective functioning of prolactin and 
oxytocin is dependent on a normally 
functioning thyroid gland

 Hypothyroidism more frequently 
associated with impaired lactation

 Thyroid dysfunction can be subclinical
 May wish to evaluate thyroid function 

when presented with delayed 
lactogenesis, insufficient lactation, erratic 
or absent milk ejection reflex 

 Herbal supplements can affect thyroid 
hormone levels

 Ask if any supplements are being taken for 
insufficient milk or any other reason
 St. John’s wort (could cause high levels of TSH)

 Bladderwrack (Fucus vesiculosus) can provide 
too much iodine

 Black cumin (Nigella sativa) could decrease TSH 
levels and raise T3 levels (hypothyroidism)

 Moringa oleifera leaf extract decrease 
conversion of T4 to T3 (hyperthyroidism)

 Fenugreek in animal studies affected T3 and T4 
levels

 Some thyroid-containing products for weight 
loss



Hypothyroid and suppressed lactation

 Amino & Arata. Thyroid dysfunction following pregnancy and implications for 
breastfeeding. Best Pract Res Clin Endocrine Metab 2020;34:101438.
 Buckshee K, Kriplani A, Kapil A, et al. Hypothyroidism complicating pregnancy. 
Aust N Z J Obstet Gynaecol 1992;32:240e2.
 Ekinci et al. Longitudinal assessment of thyroid function in pregnancy. Ann Clin 
Biochem 2013;50:595‐602.
 Iwatani et al. Decrease of free thyrotoxin in serum of lactating women. Clin Chm 
1987;33:1217‐1219.
 Kurioka et al. Maternal thyroid function during pregnancy and the puerperal 
period. Endocr J 2005;52:587‐591.
 Stein MT, Kessler DB, Hubbard E. Failure to thrive in a four‐month‐old nursing 
infant. J Dev Behav Pediatr 2004;25:S69‐S73.
 Stuebe et al. Maternal neuroendocrine serum levels in exclusively breastfeeding 
mothers. Breastfeed Med 2015;10:197‐202.



Symptoms 
can be similar 
to frequently 
seen 
postpartum 
issues



What do the tests measure?



Lab values vary by 
author and lab

 Each laboratory 
establishes or verifies 
their own reference 
range depending on 
what specifically is 
being tested and the 
way it's being analyzed

 Values can be 
reported using differing 
units of measurement

 Basic panel or full 
panel?



TSH alone may 
not be enough
 These values are for the 

general population

 May not reflect the lactating 
state

 Functional ranges may more 
accurately show optimal 
thyroid functioning

 Hypothalamus-pituitary-
thyroid axis is vulnerable to 
heavy metal toxicity, 
autoimmunity, gluten 
sensitivity, nutrient 
deficiencies, chronic viral 
infections, bacterial, fungal, 
and parasite infections



Thyroid values are variable

 Stuebe et al (2015) found that 
total and free T4 values fall 
significantly from 2 to 8 weeks 
postpartum

 Thyroid hormone functioning is 
different in lactating women

 TSH levels >10mU/L can be 
indicative of hypothyroid state 
in parents reporting 
breastfeeding problems 
Stagnaro-Green. (2012) Journal of Clinical 
Endocrinology & Metabolism, 97, 334–342. 

 Standardized reference values 
for thyroid levels in lactating 
women are lacking

 Reference values for specific 
thyroid levels that disrupt or 
suppress lactation are lacking



Iodine
 Iodine deficient hypothyroidism 

may occur where iodine intake is 
marginal or mildly deficient or in 
women with gene mutations that 
affect the biosynthesis of thyroid 
hormones

 Dietary iodine is oxidized in the 
thyroid gland to form thyroxine (T4) 
and small amounts of 
triiodothyronine (T3)

 Environmental contaminants can 
affect thyroid hormone levels 
(perchlorate, thiocyanate, 
smoking) as can high iodine 
consumption (seaweed, dietary 
supplements) or lack of iodized salt 
in the diet

Andersson & Braegger. (2022). Endocrine Reviews, 43(3), 469-506



Excessive Iodine

 Animal data shows excess 
iodine may contribute to 
hypothyroidism
 Serrano-Nascimento et al. 

(2017). Endocrine 
Connections, 6, 510-521

 Some prenatal multivitamins 
have higher concentrations 
of iodine than those 
described on the label, 
potentiating the deleterious 
effects of IE exposure in the 
thyroid function of 
pregnant/lactating women
 Leung et al. (2009). New 

Engl J Med, 360, 939-940

220mcg=76% daily requirement

150mcg=52% daily requirement



How much iodine?
 Because the diet of a 

pregnant or breastfeeding 
woman may not contain 
enough iodine to meet the 
RDA, the American Thyroid 
Association and the American 
Academy of 
Pediatrics recommend that 
pregnant or breastfeeding 
women take a daily 
multivitamin or prenatal 
supplement every day 
containing 150 µg of iodine



At Home Thyroid Test Kits

 Has your patient/client used an at-home 
thyroid test kit?

 What do they test?
 Are they accurate?
 Can a parent accurately interpret the results?
 Has the parent intervened based on the 

results?
 Has the parent checked with their health care 

provider?
 Do these really provide the information we 

need?
 What should you do if the parent has used 

such a kit? $154.95



Iodine 
deficiency
 Iodized salt is a 

major source of 
iodine in the US 
diet

 Some mothers 
from other 
countries where 
iodine deficiency 
is high may need 
closer monitoring



Impaired milk ejection reflex

 Impaired milk release does not have any lab 
values or tests but can commonly accompany 
both hypo- and hyperthyroidism

 Ask:
 Do you feel milk ejection
 Does the baby gulp or change sucking pattern
 Does milk spray from the breast

 Enhancing milk release may improve 
suppressed lactation in the presence of thyroid 
dysfunction
 Oxytocin nasal spray
 Breast compressions
 Reverse pressure softening of the areola

Children’s Hospital St. Louis
https://www.stlouischildrens.org/health-resources/pulse/medical-
animation-breastfeeding



A1c (HbA1c) 
Glycosylated hemoglobin

 Looks at blood sugar levels (glycemic control) over the previous 2-3 months to 
help spot pre-diabetes

 The test measures the amount of sugar attached to the protein hemoglobin in  
red blood cells

 Insulin is now considered to play a direct role in lactation, including essential 
roles in secretory differentiation, secretory activation, and mature milk 
production

 Insulin dysregulation/glucose intolerance
 Could blunt mammogenesis in early pregnancy

 Impair differentiated lactocytes during late pregnancy

 Delay the onset of lactogenesis

 Impede the rate of milk production in mature lactation

 Clinical research suggests an important association between suboptimal 
glucose tolerance and lactation difficulty



A1c labs

 The goal during pregnancy is for the 
A1C to be at or near normal (6 
percent or an average blood glucose 
of 120 mg/dL [6.7 mmol/L])

 A1c may be less accurate in the first 
months after pregnancy

 HbA1c values of 5.7% or more could 
prompt a referral to the primary care 
provider for follow-up

 Could be used to diagnose pre-
diabetes or diabetes

 Affected by anemia, thalassemia, 
infections, renal failure, transfusions

 A1c levels are often higher among 
communities of color with African 
American communities having the 
highest levels
 Herman et al. (2007). Diabetes Care, 

30, 2453-2457 

 Utility of A1c labs may provide a clue 
to insulin functioning and help fill in a 
piece of the insufficient milk puzzle



Hemoglobin (Hb)

 Hemoglobin is the iron-containing protein found 
in all red blood cells that enables RBCs to bind 
to oxygen in the lungs and carry it to tissues and 
organs throughout the body

 11.6 to 15 g/dL
 Low hemoglobin has been associated with

 Slow onset of lactogenesis
 Salahudeen et al. (2013). J Pharm Res, 6, 68-72

 Early abandonment of breastfeeding with Hb 
<9.5g/dL
 Rioux et al. (2006). Can J Diet Pract Res, 67, 72-76

 Symptoms of insufficient milk were seen more 
frequently with maternal anemia (Hb <10g/dL)
 Henly et al. (1995). Birth, 22, 86-92

 Hb level of 9.0-10.9 g/dL was inversely 
associated with successful breastfeeding 
at 4 weeks
 63% successful with Hb <9.0 g/dL
 68.9% successful with Hb 9.0-10.9 g/dL
 75.9% successful with Hb >11.0 g/dL 
 Horie et al. (2017). Environ Health Prev Med, 

22, 40

 Is there a threshold of Hb below which milk 
production is affected?

 Check blood loss volume following birth 
 Iron supplementation
 Iron-rich foods



Testosterone

 Testosterone is the primary sex hormone and 
anabolic steroid in males

 Females make a smaller amount in the ovaries
 Adult male testosterone levels 280-1,100 ng/dL
 Adult female levels 15-70 ng/dL
 Supraphysiologic serum testosterone levels can 

reduce milk production by lowering prolactin 
levels

 High androgen (testosterone) levels during 
pregnancy have been negatively associated 
with breastfeeding
 Carlsen et al. (2010). Act Obstetrica Gynecol

Scand, 89, 87-94

 High levels of androgens during 
pregnancy may impair growth and 
development of lactation structures

 High androgen levels may induce 
mammary involution

 Testosterone therapy in transgender men 
when initiated at >1 year postpartum  
did not appear to reduce milk 
production but milk volume was not 
measured
 Oberhelman-Eaton et al. (2022). J Hum 

Lact, 38, 339-343
 MacDonald et al. (2016). BMC Pregnancy 

Childbirth, 16, 106



Androgens

 Elevated testosterone, DHEA, DHEA-S, 
dihydrotestosterone, 
androstenedione, FT index; low SHBG

 Hirsutism - male pattern body hair
 Dark, coarse hair on arms, face, chest

 Deep voice

 Adult acne

 Adrenal hypoplasia

 Gestational ovarian theca-lutein cyst

 Polycystic ovary syndrome (PCOS)
 High BMI

 Insulin resistance

 Breast hypoplasia, wide spaced breasts

 Most testosterone values in PCOS will 
be ≤150 ng/dL (≤5.2 nmol/L).

 Testosterone values of ≥200 ng/dL 
(≥6.9 nmol/L) warrant consideration of 
an ovarian or adrenal tumor



Possible PCOS Labs

• Testosterone, Total, LC/MS/MS
• Testosterone, Free
• Dehydroepiandrostereone

(DHEA), Unconjugated 
(precursor to testosterone)

• Androstenedione (pro hormone, 
converts into testosterone)

• 3a-androstanediol glucuronide 
(3ADG)

• Others such as lipid panel, oral 
glucose tolerance test

 Glucose tolerance test
 Insulin stimulates milk protein and lipid 

biosynthesis in human lactation
 Prediabetes defined as impaired 

fasting glucose (IFG) between 100–125 
mg/dL

 Impaired glucose tolerance (IGT) for 2-
hour 75 g post-glucose between 140–
199 mg/dL,

 Diabetes fasting ≥126 mg/dl and/or 2-
hour ≥200 mg/dL

 Acute and chronic alcohol 
consumption increases testosterone 
and estrogen levels in females
 Garcia-Closas et al. (2002). Int J 

Cancer, 10, 172-178



Human chorionic gonadotropin (hCG)

 Human chorionic 
gonadotropin is a 
hormone produced by the 
placenta

 High levels following 
delivery may be indicative 
of retained placenta

 Continued presence of 
placental fragments may 
interfere with prolactin 
production

 After 2-3 days postpartum 
<5mIU/mL

 High levels could be 
indicative of pregnancy



Zinc—who knew?

Zinc is a key modulator
of mammary gland
biology during lactation



Zinc 
transport 
mutations

Mutation of the protein ZnT2 which 
transports zinc into specific body tissues

•Low Zn in milk
•Reduced mammary gland development
•Functional problems

ZnT2 transports zinc by importing it into 
vesicles -- small organelles within the cell --
that then secrete zinc into the breast milk. 

Zinc is also necessary to trigger the growth 
of mammary glands, mammary epithelial 
cells, and secretion pathways.



Prolactin and ZnT2 are partners

 ZnT2 is critical for mammary 
gland expansion and 
differentiation and milk secretion

 Loss of ZnT2 results in breast 
hypoplasia

 Lee et al. J Biol Chem
2015;290:13064-13078

 Prolactin plays a primary role in 
ZnT2 activity

 Qian et al. Am J Physiol Cell 
Physiol 2009; 297:C369-C377

Kelleher et al. Genes & Nutrition 2009; 
4:83-94



Genetic variants

 The common genetic variant 
S288 in ZnT2 causes 
 oxidative stress in the 

lactocyte
 Impaired paracellular barrier 

function
 Lysosomal mediated cell 

death
 Increased sodium content in 

breastmilk

 Lee et al. Scientific Reports 2018;8:3542



Looking for zinc

 It is possible to test for the gene for ZnT2 (SLC30A2) and see if there is a 
mutation directly

 Some companies can do this now
 Low zinc levels in mother’s milk would strongly suggest a defect in a zinc 

transporter
 The mom's serum zinc levels would not be affected because the low milk 

zinc is caused by a defect in her breast.
 However, if the mom's serum zinc levels were low, then she would likely be 

suffering from another issue (inflammation, diabetes, obesity, or very low 
dietary intake of zinc) that my also lead to low milk zinc levels.



Looking for Zinc

 A study performed exome 
sequencing in 54 lactating 
women

 37% had ZnT2 variants 
leading to either insufficient 
zinc in breastmilk or very high 
levels of zinc
 Alam et al. J Mammary Gland Biol Neoplasia 

2015;20:159-172

 Mothers with certain genetic variations 
produce milk with higher Na/K ratios 
indicating  breast involution and 
dysfunction

 Normal Zn range in breastmilk ~0.9-1.6 
mg Zn/L

 Can test for Na/K ratio and Zn levels in 
milk

 Some infants may need to be 
supplemented with Zinc
 Golan et al. Metallomics 2017;9:1352-1366



Looking for Zinc
 Normal Zn levels in infants 
70-115 μg/dL
 Maternal genetic testing may 
be unavailable
 Can check Zn levels in 
breastmilk and infant
 Zn supplementation of mother 
will not increase breastmilk Zn 
levels in presence of variant S288

 Infant will need Zn supplements



Vitamin D and Vitamin B6

 Low levels of vitamin D have been 
found in patients who are hypothyroid

 Vitamin D supplementation may 
improve TSH levels but not other 
thyroid function indicators

 Animal models show vitamin D 
deficiency may impair milk synthesis

 Vitamin D deficiency has been 
associated with PCOS and insulin 
sensitivity

 Studies on vitamin D as it relates to milk 
production in humans is lacking

 Normal range (25-OH): 30-100 ng/mL

 Older studies reported that excess 
(>600 mg/day) vitamin B6 (pyridoxine 
hydrochloride) suppresses prolactin 
levels, but many had conflicting results

 Some clinicians recommend vitamin B6 
for nipple vasospasm/Raynaud’s 
phenomenon, but high levels should 
bear caution  

 Sometimes taken to relieve anxiety 
and depression

 Normal range: 5-50 mcg/L



Look at the whole picture

Maternal
health 
history

Labor and
delivery

Hospital
stay

Early days 
at home

Medications Diet
Supplements

BF
parameters

Environment Mental
health

Stressors
and 
challenges

Lab
values &
testing

conditions



More questions than answers!!

 Which lab values are most important, if any?
 Does one lab value constitute a diagnosis?
 How many lab values can be abnormal before lactation is compromised? 
 Which combination of lab values indicate a problem?
 Why aren’t there standardized lab values for lactation?
 What about lab values that are way outside the range of normal?
 What about marginal lab values? 
 Should lactating parents with a history of unsuccessful breastfeeding have 

a baseline set of labs taken?



Thanks 
for 

caring!


