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Dr. Ramos-Román is an Assistant Professor in the Division of Endocrinology.  She is interested 
in the hormonal mechanisms by which lactation protects women with a history of gestational 
diabetes from type 2 diabetes in the postpartum period.  A synopsis of her research project 
Effect of lactation on ectopic lipid after gestational diabetes can be found at the UT 
Southwestern’s website under Find a Clinical Trial (FaCT). 
 
Purpose and Overview: 
The purpose of this Grand Rounds presentation is to familiarize the audience with the endocrine  
changes characteristic of lactation.  Milk production results from collaboration among multiple  
systems.  Maternal adaptations during lactation and post-lactation recovery may influence long- 
term maternal metabolic health. 
 
Educational Objectives: 

1- Awareness of the endocrine contribution to the communication among the multiple 
systems that make lactation possible. 

2- Identify short-term and long-term alterations in glucose regulation and bone health 
during lactation and post-lactation recovery. 

3- Recognize that postpartum weight loss is not an obligatory trait of lactation. 
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Pregnancy and postpartum are periods of intense hormonal changes in which maternal 
metabolism adapts on behalf of her developing offspring.  Most pregnancy-induced maternal 
physiological and anatomical changes return to the non-pregnant state during the 4 to 6 weeks 
following the delivery of the newborn and the placenta.  These early weeks are known as 
puerperium.  As for maternal metabolism, pregnancy ends with the conclusion of lactation (1).  
This review highlights the implications of postpartum cross-talk among maternal tissues relevant 
for glucose tolerance and bone health.  This multi-system interaction has immediate, delayed, 
and possibly lasting health consequences.  My focus as an internist and endocrinologist will be 
on the maternal half of a synchronized mother-infant pair.  The context of my presentation is the 
hormonal environment during both lactation and post-lactation recovery in a healthy woman. 
 
The average maternal weight gain at 40 weeks of gestation is 12.5 kg.  Twenty eight percent 
(3.3 kg) of that weight gain corresponds to fat stores intended to subsidize the energy costs of 
lactation (2).  Several factors influencing postpartum weight change include duration and 
intensity of lactation, pre-pregnancy weight, gestational weight gain, postpartum diet, physical 
activity, and age (3).  Overall, the literature is inconsistent about the magnitude and direction of 
the weight change attributed to lactation.  In clinical practice some mothers will report ease to 
lose weight, while others will maintain weight stability and some will even gain weight (4).  
Figure 1 shows an example of significant weight loss during prolonged lactation.   

 
If the energy content of human milk is 700 kcal/L and established milk production averages 700 
mL/day, then the estimated caloric intake to support lactation approximates 500 kcal/day (5).  
Two major nutritional components in milk are triglycerides and lactose.  Milk triglycerides have 
fatty acids derived from diet, very low-density lipoproteins from liver, fatty acids newly-made in 
the mammary gland from glucose, and those derived from adipose tissue lipolysis (maternal fat 
stores) (6).  In a society with easy access to food, milk triglycerides are primarily sourced by diet 
and endogenous lipid synthesis (de novo lipogenesis or DNL).  The utilization of adipose stores 
is spared for use as an emergency resource.  The lactating mammary gland also requires 
between 50 grams and 75 grams of glucose per day (7).  A substantial proportion of this 
glucose requirement is destined to make lactose. 
 
Lactation affects the plasma insulin concentration and insulin action in the mother.  Mammary 
glucose uptake is an insulin-independent process that lowers blood glucose concentrations, 

Figure 1.  Weight loss during prolonged lactation. 
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lessens the secretory demands on the endocrine pancreas, and results in the low circulating 
insulin characteristic of lactation (8).  The hormonal control of lactation ensures that insulin 
resistance in non-mammary tissues allows for uptake of nutrients by the mammary gland (9).  
This compensatory mechanism between mammary and non-mammary tissues makes healthy 
lactating women appear as insulin sensitive as healthy women who have not had a recent 
pregnancy.  Studies on circulating hormones and adipose tissue specimens provide support for 
the concept that insulin resistance occurs in non-mammary tissues at the onset of lactation.  
Specifically, the reciprocal relationship between the concentrations of pituitary prolactin and 
adipose adiponectin has implications for the physiology of lactation (10). 
 
Milk production involves many maternal adaptations that take place concurrently or sequentially.  
These maternal adaptations are under hormonal control and involve a variety of tissues and 
organs:  pituitary, mammary gland, ovaries, pancreas, skeletal muscle, liver, adipose tissue, and 
bone.  The main hormones discussed today are prolactin, adiponectin, insulin, estrogen, and 
parathyroid hormone-related protein (PTHrP). 
 
Pituitary prolactin is responsible for initiation and maintenance of lactation.  Prolactin signals 
through prolactin receptors found in tissues important in metabolism such as β-cells of the 
pancreas, hepatocytes, adipocytes, macrophages, and skeletal myocytes.  The magnitude of 
the prolactin response to suckling decreases with time postpartum (11,12).  Prolactin has 
lipolytic activity at the high concentrations present during late pregnancy and early lactation 
(13).  Prolactin also induces ovarian refractoriness, which means that the ovaries do not 
respond to gonadotropin stimulation in the presence of increased prolactin (14).  This results in 
lack of ovulation and lactational amenorrhea of variable duration. 
 
Adipose tissue adiponectin decreases after the third trimester of pregnancy and reaches its 
maximum suppression during the postpartum period despite what appears to be a return to pre-
pregnancy insulin sensitivity (15).  Low adiponectin concentrations have been reported until 6 
months postpartum with recovery back to pre-pregnancy concentrations by 12 months 
postpartum (16).  However, these reports did not disclose lactation status, duration/intensity of 
lactation or time relative to cessation of lactation.  Higher adiponectin concentrations are 
associated with a lower risk of type 2 diabetes and lower bone mineral density (17).  
Adiponectin concentrations are inversely related to adipose tissue mass determined by size and 
number of adipocytes.  The occurrence of low adiponectin during lactation is consistent with 
insulin resistance in adipose tissue during this period (rather than insulin sensitivity). 
 
Pancreatic insulin concentrations decrease during lactation.  In this low insulin environment, 
high concentrations of prolactin increase the activity of lipoprotein lipase in the mammary 
epithelium and decrease the activity of this enzyme in adipose tissue (18,19).  These changes 
contribute to the routing of fatty acids towards milk in both the fasting and the fed states.  The 
low insulin concentration during lactation could be a fail-safe mechanism that supports lipolysis 
and milk lipid when dietary intake is restricted. 
 
Placental estrogen will clear from the maternal circulation within 7 days of placental delivery.  
Ovarian production will remain low for a variable period of time depending on duration/intensity 
of lactation, prolactin concentration, and ovarian refractoriness to gonadotropin stimulation.  An 
environment low in estrogen will synergize with high production of PTHrP to promote bone 
resorption in favor of calcium availability for milk (20). 
 
The mammary gland makes PTHrP.  Lactation is one of two conditions in which PTHrP 
circulates (endocrine rather than autocrine or paracrine action) (21).  The other condition is 
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humoral hypercalcemia of malignancy.  Mamary PTHrP is secreted into milk and blood.  High 
production of PTHrP during a concurrent hypoestrogenic environment stimulates osteoclast-
mediated bone resorption and liberates skeletal calcium stores. 
 
Contribution of lactation to metabolic risk 
Two opposing models have been proposed to explain the contribution of lactation to metabolic 
risk, particularly diabetes risk (Figure 2).  The reset or preventative model states that factors 
associated with lactation ≥3 months help women to regain their pre-pregnant weight and 
metabolic risk status, whereas lactation for <3 months does not (1,22).  This 3-month mark 
appears to be an important turning point during the postpartum period.  In contrast, the preset or 
predictive model argues that a pre-existing abnormal metabolic profile compromises mammary 
development and the events that allow initiation and maintenance of lactation.  In support of this 
model, overweight and obese women are less likely to initiate lactation and will lactate for a 
shorter duration than lean women. 

 
What is the significance of the 3-month postpartum mark for the mother? 
Major organizations such as the World Health Organization, the American Academy of 
Pediatrics, and the American College of Obstetrics and Gynecology recommend the practice of 
exclusive lactation for 6 months followed by partial lactation after introduction of supplemental 
foods.  These organizations recommend extending partial lactation as long as both mother and 
infant wish to do so.  These recommendations take into consideration the growth and 
development of the infant.   
 
Longitudinal studies including maternal measurements before, during and after the 3-month 
postpartum mark have identified (a) changes characteristic of the postpartum period common to 
both lactating and non-lactating mothers, and (b) differences between lactating and non-
lactating mothers at or after 3 months postpartum.  Bone loss in the lumbar spine occurs in both 
lactating and non-lactating mothers when tested at 3 months postpartum (23).  Weight loss and 
reduction in adiposity have been consistently reported after 3 months postpartum in lactating 
mothers.  Long-term postpartum risk of type 2 diabetes is lower among mothers with and 
without a history of gestational diabetes who lactated >3 months (24).   
 
 

Figure 2.  Lactation and maternal health. 
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Impact of lactation while it is in progress 
Relative to a non-lactating mother, the lactating mother will have lower fasting and postprandial 
glucose concentrations, lower plasma insulin, and less atherogenic lipids (25).  The magnitude 
of the reduction in risk for metabolic syndrome, cardiovascular disease, and type 2 diabetes will 
be influenced by the duration and intensity of lactation.  It is possible that another benefit of 
lactation is the covert restoration of functional adipose tissue, resulting in less exposure of non-
adipose tissues to excess lipid. 
 
Impact of post-lactation recovery 
Bone health has been studied longitudinally from pregnancy to post-lactation recovery (26).  An 
increase in 1,25(OH)2Vitamin D  is the main adaptation during pregnancy to meet fetal calcium 
requirements (through increased calcium absorption).  During the postpartum period the main 
source of milk calcium is the maternal skeleton.  Bone mineral density falls 3% to 8% at 
trabecular sites over the first 6 months postpartum (Figure 3).  Bone loss occurs at an 
estimated rate of 1-3% per month, which approximates the annual rate of bone loss after 
menopause (21).  Bone mineral density is typically restored spontaneously to non-pregnant 
levels within 6 to 12 months after cessation of lactation after normal menses return.  This rapid 
period of bone loss and recovery does not increase the risk of postmenopausal osteoporosis or 
fracture risk later in life.  The hormonal environment of post-lactation recovery includes 
normalization of prolactin and increased circulating estrogen.  Circulating PTHrP increases 
during pregnancy and lactation.  However, its trajectory after switching to partial lactation or 
complete cessation of lactation is not clear.  The factors that stimulate bone formation after 
completion of lactation are not known (27).   

 
Summary 
Lactation is a dynamic process that integrates multiple systems.  This integration is under 
neuro-endocrine control facilitated by a gradual decline in prolactin over time during the 
postpartum period.  This decline in prolactin (a) includes both basal prolactin and stimulated 
prolactin in response to suckling, and (b) modifies the interaction of prolactin with other 
hormones relevant to lactation, like adipose adiponectin and ovarian estrogen.  It is possible 
that the concentration of PTHrP is at least partially modified by the concentration of prolactin.  
Lactation and post-lactation recovery are windows of opportunity to reset maternal metabolic 
risk and study physiologic adaptations relevant to the prevention of chronic illnesses such as 
type 2 diabetes and osteoporosis. 
 

Figure 3.  Postpartum change in bone mineral density at trabecular sites. 

 
 



7 
 

References: 
1- Stuebe AM, Rich-Edwards JW.  The reset hypothesis:  lactation and maternal metabolism.  Am J 

Perinatol 26:81-88, 2009 
2- Butte NF, Garza C, Stuff JE, O’Brian Smith E, Nichols BL.  Effect of maternal diet and body 

composition on lactational performance.  Am J Clin Nutr 39:296-306, 1984 
3- Janney CA, Zhang D, Sowers M.  Lactation and weight retention.  Am J Clin Nutr 66:1116-1124, 

1997 
4- Dewey KG, Heinig MJ, Nommsen LA.  Maternal weight-loss patterns during prolonged lactation.  

Am J Clin Nutr 58:162-166, 1993 
5- Butte NF, Wong WW, Hopkinson JM.  Energy requirements of lactating women derived from 

doubly labeled water and milk energy output.  J Nutr 131:53-58, 2001 
6- Evans RD.  Physiological signals and pathological mediators of lipid metabolism during lactation.  

Biochem Soc Trans 23:516-522, 1995 
7- Prentice AM, Prentice A.  Energy costs of lactation.  Ann Rev Nutr 8:63-79, 1988 
8- Tigas S, Sunehag A, Haymond MW.  Metabolic adaptation to feeding and fasting during lactation 

in humans.  J Clin Endocrinol Metab 87:302-307, 2002 
9- Neville MC, Casey C, Hay WW.  Endocrine regulation of nutrient flux in the lactating woman.  Do 

the mechanisms differ from pregnancy?  Adv Exp Med Biol 352:85-98, 1994 
10- Combs TP, Berg AH, Rajala MW, Klebanov S, Iyengar P, Jimenez-Chillaron JC, Patti ME, Klein 

SL, Weinstein RS, Scherer PE.  Sexual differentiation, pregnancy, calorie restriction, and aging 
affect the adipocyte-specific secretory protein adiponectin.  Diabetes 52:268-276, 2003 

11- Johnston JM, Amico JA.  A prospective longitudinal study of the release of oxytocin and prolactin 
in response to infant suckling in long term lactation.  J Clin Endocrinol Metab 62:653-657, 1986 

12- Delvoye P, Demaegd M, Uwayiyu-Nyampeta, Robyn C.  Serum prolactin, gonadotropins, and 
estradiol in menstruating and amenorrheic mothers during two years’ lactation.  Am J Obstet 
Gynecol 130:635-639, 1978 

13- Brandebourg TD, Bown JL, Ben-Jonathan N.  Prolactin upregulates its receptors and inhibits 
lipolysis and leptin release in male rat adipose tissue.  Biochem Biophys Res Commun 357:408-
413, 2007 

14- Rolland R, Lequin RM, Schellekens LA, DeJong FH.  The role of prolactin in the restoration of 
ovarian function during the early post-partum period in the human female I.  A study during 
physiological lactation.  Clin Endocrinol 4:15-25, 1975 

15- Asai-Sato M, Okamoto M, Endo M, Yoshida H, Murase M, Ikeda M, Sakakibara H, Takahashi T, 
Hirahara F.  Hypoadiponectinemia in lean lactating women:  Prolactin inhibits adiponectin 
secretion from human adipocytes.  Endocr J 53:555-562, 2006 

16- Matuszek B, Burska A, Leszczynska-Gorzelak B, Donica H, Nowakowski A.  Comparative 
analysis of adiponectin isoform distribution in pregnant women with gestational diabetes mellitus 
and after delivery.  Acta Obstet Gynecol Scand 92:951-959, 2013 

17- Li S, Shin HJ, Ding EL, van Dam RM.  Adiponectin levels and risk of type 2 diabetes:  a 
systematic review and meta-analysis.  JAMA 302:179-188, 2009 

18- Rebuffe-Scrive M, Enk L, Crona N, Lonnroth P, Abrahamsson L, Smith U, Bjorntorp P.  Fat cell 
metabolism in different regions in women.  Effect of menstrual cycle, pregnancy and lactation.  J 
Clin Invest 75:1973-1976, 1985 

19- Hamosh M, Clary TR, Chernick SS, Scow RO.  Lipoprotein lipase activity of adipose and 
mammary tissue and plasma triglyceride in pregnant and lactating rats.  Biochim Biophys Acta 
210:473-482, 1970 

20- Eisman J.  Relevance of pregnancy and lactation to osteoporosis?  Lancet 352:505-505, 1998 
21- Wysolmerski JJ.  Conversations between breast and bone:  Physiological bone loss during 

lactation as evolutionary template for osteolysis in breast cancer and pathological bone loss after 
menopause.  BoneKEy 4:209-225, 2007 

22- Mohammad MA, Haymond MW.  The magic of mother’s milk.  Diabetes 61:3076-3077, 2012 
23- Yasumizu T, Nakamura Y, Hoshi K, Iijima S, Asaka A.  Bone metabolism after human parturition 

and the effect of lactation:  longitudinal analysis of serum bone-related proteins and bone mineral 
content of the lumbar spine.  Endocr J 45:679-686 



8 
 

24- Ziegler AG, Wallner M, Kaiser I, Rossbauer M, Harsunen MH, Lachmann L, Maier J, Winkler C, 
Hummel S.  Long-term protective effect of lactation on the development of type 2 diabetes in 
women with recent gestational diabetes mellitus.  Diabetes 61:3167-3171, 2012 

25- Gunderson EP.  Impact of breastfeeding on maternal metabolism:  Implications for women with 
gestational diabetes.  Curr Diab Rep 14:460, 2014 

26- Kovacs CS, Kronenberg HM.  Maternal-fetal calcium and bone metabolism during pregnancy, 
puerperium, and lactation.  Endocr Rev 18:832-872, 1997 

27- Kirby BJ, Ardeshirpour L, Woodrow JP, Wysolmerski JJ, Sims NA, Karaplis AC, Kovacs CS.  
Skeletal recovery after weaning does not require PTHrP. J Bone Miner Res 26:1242-1251, 2011 

 
 
 


