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LACTATIONANDGESTATIONINANORMALFEMALE

Lactation,secretionandyieldingofmilkbyfemalesaftergivingbirth.Themilkisproducedby

themammaryglands,whicharecontainedwithinthebreasts.

Thebreasts,unlikemostoftheotherorgans,continuetoincreaseinsizeafterchildbirth.

Althoughmammarygrowthbeginsduringpregnancyundertheinfluenceofovarianand

placentalhormones,andsomemilkisformed,copiousmilksecretionsetsinonlyafterdelivery.

Sincelactationensuesafteraprematurebirth,itwouldappearthatmilkproductionisheldback

duringpregnancy.Themechanism bywhichthisinhibitoryeffectisbroughtabout,orbywhich

lactationisinitiatedatdelivery,haslongbeenthesubjectofanargumentthatrevolvesaround

theopposingactionsofestrogen,progesterone,andprolactin,asstudiedinlaboratoryanimals,

goats,andcattle.Duringpregnancythecombinationofestrogenandprogesteronecirculatingin

thebloodappearstoinhibitmilksecretionbyblockingthereleaseofprolactinfrom thepituitary

glandandbymakingthemammaryglandcellsunresponsivetothispituitaryhormone.The

blockadeisremovedattheendofpregnancybytheexpulsionoftheplacentaandthelossofits

supplyofhormones,aswellasbythedeclineinhormoneproductionbytheovaries,while

sufficientestrogenremainsincirculationtopromotethesecretionofprolactinbythepituitary

glandandsofavourlactation.



humannutrition:Pregnancyandlactation

Awoman’snutritionalstatusbeforeandduringpregnancyaffectsnotonlyherownhealthbut

alsothe…

Forlactationtocontinue,necessarypatternsofhormonesecretionmustbemaintained;

disturbancesoftheequilibrium bytheexperimentalremovalofthepituitaryglandinanimalsor

bycomparablediseasedconditionsinhumansquicklyarrestmilkproduction.Severalpituitary

hormonesseem tobeinvolvedintheformationofmilk,sothatitiscustomarytospeakofa

lactogenic(“milk-producing”)complexofhormones.Tosomedegree,theroleofthepituitary

hormonesadrenocorticotropin,thyrotropin,andgrowthhormoneinsupportinglactationin

womenisinferredfrom theresultsofstudiesdoneonanimalsandfrom clinicalobservations

thatareinagreementwiththeresultsofanimalstudies.Adrenalcorticoidsalsoappeartoplay

anessentialroleinmaintaininglactation.

Thestimulusofnursingorsucklingsupportscontinuedlactation.Itactsintwoways:it

promotesthesecretionofprolactin(andpossiblyotherpituitaryhormonesofvalueinmilk

formation),andittriggersthereleaseofyetanotherhormonefrom thepituitarygland—oxytocin,

whichcausesthecontractionofspecialmusclecellsaroundthealveoliinthebreastand

ensurestheexpulsionofmilk.Itisinthiswaythatababy’ssuckingatonebreastmaycausean

increaseinmilkflowfrom both,sothatmilkmaydripfrom theunsucklednipple.About30

secondselapsebetweenthebeginningofactivesucklingandtheinitiationofmilkflow.

Getexclusiveaccesstocontentfrom our1768FirstEditionwithyoursubscription.
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Thenervesupplytothemammaryglandsisnotofgreatsignificanceinlactation,formilk

productionisnormalaftertheexperimentalseveringofnervestothenormalmammaryglands

inanimalsorinanuddertransplantedtotheneckofagoat.Milkejection,or“thedraught,”in

womenisreadilyconditionedandcanbeprecipitatedbythepreparationsfornursing.

Conversely,embarrassmentorfrightcaninhibitmilkejectionbyinterferingwiththereleaseof

oxytocin;alcohol,also,isknowntoblockmilkejectioninwomen,againbyanactiononthebrain.

Beyonditsactiononthemammaryglands,oxytocinaffectsuterinemuscle,sothatsucklingcan

causecontractionsoftheuterusandmaysometimesresultincramp.Sinceoxytocinrelease

occursduringsexualintercourse,milkejectioninlactatingwomenhasbeenobservedonsuch

occasions.Disturbanceofoxytocinsecretion,orofthemilk-ejectionreflex,stopslactationjust



asreadilyasalackofthehormonesnecessaryformilkproduction,forthemilkinthebreastis

thennotextractablebytheinfant.Manyinstancesofnursingfailureareduetoalackofmilk

ejectioninstressfulcircumstances;fortunately,treatmentwithoxytocin,coupledwiththe

reassurancegainedfrom asuccessfulnursing,isordinarilysuccessfulinovercomingthe

difficulty.

Sucklingcaninitiatelactationinnonpregnantwomen.Thishasbeenseenmostofteninwomen

ofchildbearingagebutalsohasbeenobservedinolderpersons.Ababywhohadlosthis

motherwassuckledbyhis60-year-oldgrandmother,whohadborneherlastchild18years

before.Thegrandmotherproducedmilkafterafewdaysandcontinuedtonursethebabyuntil

hewasayearoldandcouldwalk.Rarely,lactationhasbeenreportedtosetinafteroperations

onthechest;insuchinstancesitisattributedtoinjuryorirritationofthenervesinthisregion.

Suchobservationsargueagainstthepossibilitythatlactationcontinuessimplyasa

consequenceofemptyingthebreasts.

CompositionAndPropertiesOfMilk

Milkcanberegardedasanemulsionoffatglobulesinacolloidalsolutionofproteintogether

withothersubstancesintruesolution.Twoconstituentsofmilk—theproteincaseinandmilk

sugar,orlactose—arenotfoundelsewhereinthebody.

Breastfeedingisparticularlyadvantageousbecauseofthenutritional,immunologic,and

psychologicalbenefits.Humanbreastmilkissuperiortomodifiedcow’smilkformulas,which

maylackessentialandbeneficialcomponentsandarenotabsorbedaseasilyorasquicklyby

theinfant.Maternalbreastmilkprovidesvitamins,minerals,protein,andanti-infectiousfactors;

antibodiesthatprotecttheinfant’sgastrointestinaltractaresupplied,resultinginalowerrateof

entericinfectioninbreast-fedthaninbottle-fedbabies.Thebondingthatisestablishedthrough

breast-feedingisadvantageoustobuildingtheparent-childrelationship.

Thenutritionalstatusofthemotherisimportantthroughoutthisperiod.Themother’sdaily

caloricintakemustincreasesignificantlyinordertoreplenishthemother’snutrientandenergy

stores.Theuseofdrugsorsmokingbythemothercanadverselyaffecttheinfant;manydrugs

aresecretedinbreastmilk,andsmokingreducesbreastmilkvolumeanddecreasesinfant



growthrates.

Themilkreleasedfrom thebreastwhenlactationstartsdiffersincompositionfrom themature

milkproducedwhenlactationiswellestablished.Theearlymilk,orcolostrum,isrichin

essentialaminoacids,theproteinbuildingblocksessentialforgrowth;italsocontainsthe

proteinsthatconveyimmunitytosomeinfectionsfrom mothertoyoung,althoughnotinsuch

quantityasamongdomesticanimals.Thehumaninfantgainsthistypeofimmunitylargely

withintheuterusbythetransferoftheseantibodyproteinsthroughtheplacenta;theyoungbaby

seldom fallsvictim tomumps,measles,diphtheria,orscarletfever.Forashorttimeafterbirth,

proteinscanbeabsorbedfrom theintestinewithoutdigestion,sothattheacquisitionoffurther

immunityisfacilitated.Thegrowthofharmfulvirusesandbacteriaintheintestinesisprobably

inhibitedbyimmunefactorsinhumanmilk.Afterchildbirththecompositionofmilkgradually

changes;withinfourorfivedaysthecolostrum hasbecometransitionalmilk,andmaturemilkis

secretedsome14daysafterdelivery.

Somevariationsbetweenhumancolostrum,transitionalmilk,andmaturemilkandcow’smilk

areshowninTable2.Thegreateramountofproteininunmodifiedcow’smilkislargely

responsibleforitsdense,hardcurd,whichtheinfantcannotdigest;thedifficultycanbeavoided

byheattreatmentordilutionofthemilk.Ordinarily,whencow’smilkisfedtoyounginfants,itis

modifiedsoastomatchitscompositionasfaraspossibletobreastmilk.

Someconstituentsofhumancolostrum,transitional,andmaturemilkandofcow'smilk

(averagevaluesper100millilitreswholemilk)

colostrum (1–5days)transitional(6–14days) mature(after14days) cow'smilk

*Kilocalorie;sufficientenergytoraisethetemperatureof1kilogram ofwater1degree

Centigrade.

energy,kcal* 58 74 71 69

totalsolids,g 12.8 13.6 12.4 12.7

fat,g 2.9 3.6 3.8 3.7

lactose,g 5.3 6.6 7.0 4.8

protein,g 2.7 1.6 1.2 3.3



casein,g 1.2 0.7 0.4 2.8

ash,g 0.33 0.24 0.21 0.72

calcium,mg 31 34 33 125

magnesium,mg 4 4 4 12

potassium,mg 74 64 55 138

sodium,mg 48 29 15 58

iron,mg 0.09 0.04 0.15 0.10

WeaningAndTheCessationOfLactation

Thereisnotypicalageatwhichhumaninfantsareweaned,forthisvariesfrom countryto

countryandamongthesocialclassesofanation.InIndiawomeninthehighersocioeconomic

groupstendtouseartificialfeeding,whilethereverserelationshipholdsinBritainandthe

UnitedStates.Mostcommonly,weaningisagradualprocess,withagradualincreaseinthe

proportionofsolidfoodsuppliedtotheinfanttogetherwithbreastmilk.Pediatriciansingeneral

haveconcludedthat,onthebasisofpresentknowledge,nonutritionalsuperiorityor

psychologicalbenefitsresultfrom theintroductionofsolidfoodsintotheinfantdietearlierthan

theageof21/2to31/2monthsandthatnormalfull-term infantscanbeexpectedtothrivefor

thefirstsixmonthsoflifeonadietconsistingexclusivelyofmilk,eithernormalhumanmilkor

properlymodifiedmilkfrom othersources.

Withthereduceddemandofthebaby,lactationslowlydeclinesandstops.Estrogentreatment

isoftenusedtosuppresslactation,andthehighdosesusedmayaccomplishthis;butthereis

oftenareboundeffectattheendoftreatment.Lactationmaybeslightlydepressedwhenoral

contraceptivesarebeingtakeninhighdosage.Althoughovulationislessfrequentduring

lactation,itdoesoccasionallyoccur.Breast-feedingshouldnot,therefore,beusedasamethod

ofcontraception.Menstruationusuallyresumeswithinsixtoeightweeksinwomenwhoarenot

breast-feeding;thelengthofitsabsencevariesinwomenwhobreast-feed.

BernardThomasDonovan

TheEditorsofEncyclopaediaBritannica
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humannutrition:Pregnancyandlactation

Awoman’snutritionalstatusbeforeandduringpregnancyaffectsnotonlyherownhealthbut

alsothe…

pregnancy

pregnancy:Breasts

…fortheactionofthelactogenic(milk-causing)hormone,prolactin,producedbythepituitary

gland.…

Motherpolarbearnursinghercubs(Ursusmaritimus).

mammal:Implantation,gestation,andbirth.

OverviewofLactation

Lactationisthesecretionofmilkfrom specializedglands(mammaryglands)toprovide

nourishmenttooffspring.

Lactationisahallmarkfeatureoffemalemammals.

Lactationisunderendocrinecontrol.Thetwomainhormonesinvolvedareprolactinand

oxytocin.

Lactogenesis,ortheprocessofchangestothemammaryglandstobeginproducingmilk,

beginsduringthelatestagesofpregnancy.Thedeliveryoftheplacentaandtheresulting

dramaticreductioninprogesterone,estrogen,andhumanplacentallactogenlevelsstimulate

milkproduction.

Colostrum isthefirstmilkabreastfedbabyreceives.Itcontainshigheramountsofwhiteblood

cellsandantibodiesthanmaturemilkandisespeciallyhighinimmunoglobulinA.This

immunoglobulincoatstheliningofthebaby’simmatureintestines,helpingtoprevent

pathogensfrom invadingthebaby’ssystem.

witch’smilk:Witch’smilkorneonatalmilkismilksecretedfrom thebreastsofsomenewborn

humaninfantsofeithersex.Neonatalmilksecretionisconsideredanormalphysiological

occurrenceandnotreatmentortestingisnecessary.

mammarygland:Aglandthatsecretesmilkforsucklinganinfantoroffspring.

lactation:1.Thesecretionofmilkfrom themammaryglandofafemalemammal.2.The

processofprovidingthemilktotheyoung,suchasbreastfeeding.3.Theperiodoftimethata



motherlactatestofeedheryoung;thelactationperiod.

humanplacentallactogen:Ahormonecloselyassociatedwithprolactinthatis

instrumentalinbreast,nipple,andareolagrowthbeforebirth.

colostrum:Aform ofmilkproducedbythemammaryglandsinlatepregnancyandthefewdays

aftergivingbirth.Humanandbovinecolostrum isthickandyellowish.Inhumans,ithashigh

concentrationsofnutrientsandantibodies,butitissmallinquantity.

Lactationdescribesthesecretionofmilkfrom themammaryglandsandtheperiodoftimethat

amotherlactatestofeedheryoung.Theprocessoccursinallfemalemammals,althoughit

predatestheoriginofmammals.

Inhumanstheprocessoffeedingmilkiscalledbreastfeedingornursing.

Thechieffunctionoflactationistoprovidenutritionandimmuneprotectiontotheyoungafter

birth.Inalmostallmammals,lactationinducesaperiodofinfertility,whichservestoprovidethe

optimalbirthspacingforsurvivaloftheoffspring.

Inmostspecies,milkcomesoutofthemother’snipples;however,theplatypus(anon-placental

mammal)releasesmilkthroughductsinitsabdomen.Inonlyonespeciesofmammal,the

dayakfruitbat,ismilkproductionanormalmalefunction.

Insomeothermammals,themalemayproducemilkastheresultofahormoneimbalance.This

phenomenonmayalsobeobservedinnewborninfantsaswell(forinstance,witch’smilk).

Galactopoiesisisthemaintenanceofmilkproduction.Thisstagerequiresprolactinand

oxytocin.

PreparationforLactation

Bythefifthorsixthmonthofpregnancy,thebreastsarereadytoproducemilk.Duringthelatter

partofpregnancy,thewoman’sbreastsenterintothelactogenesisIstage.Thisiswhenthe

breastsmakecolostrum,athick,sometimesyellowishfluid.



Atthisstage,highlevelsofprogesteroneinhibitmostmilkproduction.Itisnotamedical

concernifapregnantwomanleaksanycolostrum beforeherbaby’sbirth,norisitanindication

offuturemilkproduction.

Atbirth,prolactinlevelsremainhigh,whilethedeliveryoftheplacentaresultsinasuddendrop

inprogesterone,estrogen,andhumanplacentallactogenlevels.Thisabruptwithdrawalof

progesteroneinthepresenceofhighprolactinlevelsstimulatesthecopiousmilkproductionof

thelactogenesisIIstage.

Whenthebreastisstimulated,prolactinlevelsinthebloodriseandpeakinabout45minutes,

thenreturntothepre-breastfeedingstateaboutthreehourslater.Thereleaseofprolactin

triggersthecellsinthealveolitomakemilk.

Colostrum

Colostrum isthefirstmilkabreastfedbabyreceives.Itcontainshigheramountsofwhiteblood

cellsandantibodiesthanmaturemilk,andisespeciallyhighinimmunoglobulinA(IgA),which

coatstheliningofthebaby’simmatureintestines,andhelpstopreventpathogensfrom

invadingthebaby’ssystem.SecretoryIgAalsohelpspreventfoodallergies.Overthefirsttwo

weeksafterthebirth,colostrum productionslowlygiveswaytomaturebreastmilk.

Thisisanillustrationofthepositivefeedbackloopthatiscreatedtoensurethatmilkproduction

continuesaslongastheinfantcontinuestobreastfeed.Theincreaseinmilkproductioncauses

anincreaseininfantsuckling.

Lactation:Apositivefeedbackloopensurescontinuedmilkproductionaslongastheinfant

continuestobreastfeed.
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thelactogenesisIIstage.
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PhysiologyofLactation

Physiology,Lactation

PillayJ,DavisTJ.

PublicationDetails

Introduction

Thenormalphysiologyoflactationisaprocessthatbeginstotakeeffectwellbeforetheinitial

latchofthenewborninfant.Itrequiresthebreasttochangeincomposition,size,andshape

duringeachstageoffemaledevelopment.Developmentincludespuberty,pregnancy,and

lactation.Thesestagesareinfluencedbyacascadeofphysiologicchangesthatarecrucialto

successfulbreastfeeding.Thisarticlewillreviewthedevelopmentofthemammarygland



(mammogenesis),theprocessbywhichthemammaryglanddevelopstheabilitytosecretemilk

(lactogenesis),andtheprocessofmilkproduction(lactation).[1][2][3]

IssuesofConcern

Theprocessoflactationandbreastfeedingcanbenegativelyaffectedbyanythingthat

interruptsthenormaldevelopmentofthefemalebreast,orthatinterfereswiththeproductionof

milk.Womenwhohavehadbreastaugmentationmayexperienceissueswithlactationand

breastfeeding,butthisisdependentonthelocationoftheincision.Incisionsmadeinthearmpit

aremorefavorablyfornormalbreastfeeding;whereas,the"smile"incisionaroundtheareola

increasesthewoman'sriskofhavingbreastfeedingissues.

Inthepost-partum period,somewomenmayexperiencedifficultywithlactationiftheyhave

inadequatemilkproduction,poormilkextraction,andinsufficientcaloricintaketomeet

demands.Currentrecommendationsforlactatingwomenistohaveaminimum excessof500

caloriesperdaytomeetthecaloricdemandsformilkproduction.Womenarealsoencouraged

toemptythebreastasoftenaspossible,typicallyevery2to3hourstomaintainmilksupply.

[4][5][6][7]

Otherissuesofconcernregardinglactationincludetheinfantsinabilitytolatch,nipplepain,

mastitis,orpluggedducts.

Cellular

Itisimportanttolearnthenormalanatomyandcellularcompositionofbreasttissueto

understandthephysiologicprocessoflactation.Thenormalbreastconsistsof2major

structures(ductsandlobules),2typesofepithelialcells(luminalandmyoepithelial),and2types

ofstroma(interlobularandintralobular).Sixto10majorductorificesopenontotheskinsurface

ofthenipple.Theuppermostportionislinedwithkeratinizedsquamouscellsthatabruptly

changetothedouble-layeredepithelium (luminalandmyoepithelial)oftheremainderofthe

ductandlobulesystem.Largeductswilleventuallyleadtotheterminalductlobularunit,and

theseterminalductswillthenbranchintogrape-likeclustersofsmallacinitoform alobule.

Thereare3typesoflobules,type1,2,and3whichform atdifferentstagesinawoman's

development.Lobulesincreaseprogressivelyinnumberandsize,andbytheendofpregnancy,

thebreastiscomposedalmostentirelyoflobulesseparatedbysmallamountsofthestroma.

Onlywiththeonsetofpregnancydoesthebreastbecomecompletelymatureandfunctional.[8]



Development

Duringpuberty,lobuletype1isformed.Changesinthelevelofestrogenandprogesterone

duringeachmenstrualcyclestimulatelobule1toproducenewalveolarbudsandeventually

evolvetomorematurestructures,knownastype-2andtype-3lobules.Oncepubertyis

complete,nofurtherchangesoccurtothefemalebreastuntilpregnancy.

Duringpregnancy,stage-IImammogenesis(alveolardevelopmentandmaturationofthe

epithelium)occurslargelyinresponsetohigherlevelsofprogesterone.Theincreasedvolume

ofbreasttissueduringpregnancyisaresultoftheproliferationofsecretorytissue.Inearly

pregnancy,lobuletype3isformedduetotheinfluenceofchorionicgonadotropin.Thesenewly

formedlobuleshavelargersizeandnumberofepithelialcellscomposingeachacinus.Inlate

pregnancy,theproliferationofnewaciniarereduced,andthelumenbecomesdistendedwith

secretorymaterialorcolostrum.

Duringlaborandlactation,furthergrowthanddifferentiationcanbeseeninthelobulealong

withmilksecretion.Theglandularcomponentofthebreasthasnowincreasedtothepoint

whereitismainlyformedofepithelialelementsandverylittlestroma.Thiswillpersist

throughoutlactation.

Finally,theinvolutionofmammaryglandsoccurswiththecessationoflactationandrequiresa

combinationoflactogenichormonedeprivationandlocalautocrinesignalsthatsignalapoptotic

celldeathandtissueremodeling.Fullregressiondoesnotoccur,andpregnancycausesa

permanentincreaseinthesizeandnumberoflobules.Followinglactation,thereisalwaysthe

potentialoftheglandstoproducemilkinresponsetoregularstimulation.

OrganSystemsInvolved

Normallactationinvolvesthefemalebreast,anteriorlobeofthepituitary,andtheposteriorlobe

ofthepituitary.Theirrolesinlactationarediscussedbelow.

Function

Thedecisiontobreastfeedortoprovidebreastmilkviaexpressionisadecisionthatevery

mothermustmake.Cliniciansmustinform ourpatientsaboutallthebenefitsthatbreastmilk



canprovidetotheirnewborn.Breastmilkprovidesidealnutritionforinfantswithvitamins,

proteins,andfatsthataremoreeasilydigestedthanformula.Breastmilkcontainsantibodies

from themotherthathelpbabiesfightoffvirusesandbacteria.Otheranti-infectivefactorsit

providesincludeimmunoglobulin(IgAinparticular),whitebloodcells,wheyprotein(lysozyme

andlactoferrin),andoligosaccharides.Italsolowersthebaby'sriskofasthma,allergies,ear

infections,respiratoryillnesses,boutsofdiarrhea,andtheriskofdiabetesandobesity.

Pathophysiology

Lactogenesisistheprocessofdevelopingtheabilitytosecretemilkandinvolvesthe

maturationofalveolarcells.Ittakesplacein2stages:secretoryinitiationandsecretory

activation.

StageIlactogenesis(secretoryinitiation)takesplaceduringthesecondhalfofpregnancy.The

placentasupplieshighlevelsofprogesteronewhichinhibitfurtherdifferentiation.Inthisstage,

smallamountsofmilkcanbesecretedbyweek16gestation.Bylatepregnancy,somewomen

canexpresscolostrum.

StageIIlactogenesis(secretoryactivation)startswithcopiousmilkproductionafterdelivery.

Withtheremovaloftheplacentaatdelivery,therapiddropinprogesterone,aswellasthe

presenceofelevatedlevelsofprolactin,cortisol,andinsulin,arewhatstimulatethisstage.

Usually,atdays2or3postpartum,mostwomenexperienceswellingofthebreastalongwith

copiousmilkproduction.Inprimiparouswomen,thesecretoryactivationstageisslightly

delayed,andearlymilkvolumeislower.Lowermilkvolumeisalsoobservedinwomenwhohad

cesareanbirthscomparedwiththosewhodeliveredvaginally.Lateonsetofmilkproductionhas

alsobeenseeninwomenwhohavehadretainedplacentalfragments,diabetes,andstressful

vaginaldeliveries.Withretainedplacentalfragments,lactogenesisstageIIcouldbeinhibitedby

thecontinuedsecretionofprogesteroneandwouldcontinuetobeinhibiteduntilremovalofthe

remainingplacentalfragments.

Lactationismaintainedbyregularremovalofmilkandstimulationofthenipple,whichtriggers

prolactinreleasefrom theanteriorpituitaryglandandoxytocinfrom theposteriorpituitarygland.

Fortheongoingsynthesisandsecretionofmilk,themammaryglandmustreceivehormonal

signals;andalthoughprolactinandoxytocinactindependentlyondifferentcellularreceptors,

theircombinedactionisessentialforsuccessfullactation.

Prolactinisapolypeptidehormonesynthesizedbylactotrophiccellsintheanteriorpituitaryand

isstructurallysimilartogrowthhormoneandplacentallactogen.Prolactinisbothpositivelyand

negativelyregulated,butitsmaincontrolcomesfrom hypothalamicinhibitoryfactorssuchas



dopaminewhichactontheD2subclassofdopaminereceptorspresentinlactotrophs.Prolactin

stimulatesmammaryglandductalgrowthandepithelialcellproliferationandinducesmilk

proteinsynthesis.Emptyingofthebreastbytheinfant'ssucklingisthoughttobethemost

importantfactor.Prolactinconcentrationincreasesrapidlywithsucklingofthenipplewhich

stimulatesnerveendingslocatedthere.

Oxytocinisinvolvedinthemilkejectionorletdownreflex.Thetactilestimulationofthenipple-

areolarcomplexbysucklingleadstoafferentsignalstothehypothalamusthattriggerreleaseof

oxytocin.Thisresultsincontractionofthemyoepithelialcells,forcingmilkintotheductsfrom

thealveolarlumensandoutthroughthenipple.Oxytocinalsohasapsychologicaleffect,which

includesinducingastateofcalm,andreducingstress.Itmayalsoenhancefeelingsofaffection

betweenmotherandchild,animportantfactorinbonding.

Oncelactationisestablishedandmaintained,productionisregulatedbytheinteractionofboth

physicalandbiochemicalfactors.Ifmilkisnotremoved,elevatedintramammarypressureand

accumulationofafeedbackinhibitoroflactationreducemilkproductionandinitiatemammary

involution.Ifbreastmilkisremoved,theinhibitorisalsoremoved,andsecretionwillresume.

Theroleofthefeedbackinhibitoroflactationistoregulatetheamountofmilkproducedwhich

isdeterminedbyhowmuchthebabytakes,andthereforebyhowmuchthebabyneeds.

ClinicalSignificance

Thenormaldevelopmentofthefemalebreastisthefoundationformammogenesis,

lactogenesis,andlactation.Clinicianswhopossessanunderstandingofthephysiologyof

lactationwillhavethetoolsnecessarytoeducatetheirpatientstomaximizechancesof

successfulbreastfeeding.

P

Physiologicalchangesoccurinpregnancytonurturethedevelopingfoetusandpreparethe

motherforlabouranddelivery.Someofthesechangesinfluencenormalbiochemicalvalues

whileothersmaymimicsymptomsofmedicaldisease.Itisimportanttodifferentiatebetween

normalphysiologicalchangesanddiseasepathology.Thisreviewhighlightstheimportant

changesthattakeplaceduringnormalpregnancy.



Duringpregnancy,thepregnantmotherundergoessignificantanatomicalandphysiological

changesinordertonurtureandaccommodatethedevelopingfoetus.Thesechangesbegin

afterconceptionandaffecteveryorgansystem inthebody.1Formostwomenexperiencingan

uncomplicatedpregnancy,thesechangesresolveafterpregnancywithminimalresidualeffects.

Itisimportanttounderstandthenormalphysiologicalchangesoccurringinpregnancyasthis

willhelpdifferentiatefrom adaptationsthatareabnormal.

Plasmavolumeincreasesprogressivelythroughoutnormalpregnancy.2Mostofthis50%

increaseoccursby34weeks’gestationandisproportionaltothebirthweightofthebaby.

Becausetheexpansioninplasmavolumeisgreaterthantheincreaseinredbloodcellmass,

thereisafallinhaemoglobinconcentration,haematocritandredbloodcellcount.Despitethis

haemodilution,thereisusuallynochangeinmeancorpuscularvolume(MCV)ormean

corpuscularhaemoglobinconcentration(MCHC).

Theplateletcounttendstofallprogressivelyduringnormalpregnancy,althoughitusually

remainswithinnormallimits.Inaproportionofwomen(5–10%),thecountwillreachlevelsof

100–150×109cells/lbyterm andthisoccursintheabsenceofanypathologicalprocess.In

practice,therefore,awomanisnotconsideredtobethrombocytopenicinpregnancyuntilthe

plateletcountislessthan100×109cells/l.

Pregnancycausesatwo-tothree-foldincreaseintherequirementforiron,notonlyfor

haemoglobinsynthesisbutalsoforforthefoetusandtheproductionofcertainenzymes.There

isa10-to20-foldincreaseinfolaterequirementsandatwo-foldincreaseintherequirementfor

vitaminB12.

Changesinthecoagulationsystem duringpregnancyproduceaphysiologicalhypercoagulable

state(inpreparationforhaemostasisfollowingdelivery).3Theconcentrationsofcertainclotting

factors,particularlyVIII,IXandX,areincreased.Fibrinogenlevelsrisesignificantlybyupto50%

andfibrinolyticactivityisdecreased.Concentrationsofendogenousanticoagulantssuchas

antithrombinandproteinSdecrease.Thuspregnancyaltersthebalancewithinthecoagulation

system infavourofclotting,predisposingthepregnantandpostpartum womantovenous

thrombosis.Thisincreasedriskispresentfrom thefirsttrimesterandforatleast12weeks

followingdelivery.Invitrotestsofcoagulation[activatedpartialthromboplastintime(APTT),

prothrombintime(PT)andthrombintime(TT)]remainnormalintheabsenceofanticoagulants

oracoagulopathy.



Venousstasisinthelowerlimbsisassociatedwithvenodilationanddecreasedflow,whichis

moremarkedontheleft.Thisisduetocompressionoftheleftiliacveinbytheleftiliacartery

andtheovarianartery.Ontheright,theiliacarterydoesnotcrossthevein.

Cardiacchanges

Changesinthecardiovascularsystem inpregnancyareprofoundandbeginearlyinpregnancy,

suchthatbyeightweeks’gestation,thecardiacoutputhasalreadyincreasedby20%.The

primaryeventisprobablyperipheralvasodilatation.Thisismediatedbyendothelium-dependent

factors,includingnitricoxidesynthesis,upregulatedbyoestradiolandpossiblyvasodilatory

prostaglandins(PGI2).Peripheralvasodilationleadstoa25–30%fallinsystemicvascular

resistance,andtocompensateforthis,cardiacoutputincreasesbyaround40%during

pregnancy.Thisisachievedpredominantlyviaanincreaseinstrokevolume,butalsotoalesser

extent,anincreaseinheartrate.Themaximum cardiacoutputisfoundatabout20–28weeks’

gestation.Thereisaminimalfallatterm.

Anincreaseinstrokevolumeispossibleduetotheearlyincreaseinventricularwallmuscle

massandend-diastolicvolume(butnotend-diastolicpressure)seeninpregnancy.Theheartis

physiologicallydilatedandmyocardialcontractilityisincreased.Althoughstrokevolume

declinestowardsterm,theincreaseinmaternalheartrate(10–20bpm)ismaintained,thus

preservingtheincreasedcardiacoutput.Bloodpressuredecreasesinthefirstandsecond

trimestersbutincreasestonon-pregnantlevelsinthethirdtrimester

Thereisaprofoundeffectofmaternalpositiontowardsterm uponthehaemodynamicprofileof

boththemotherandfoetus.Inthesupineposition,pressureofthegraviduterusontheinferior

venacava(IVC)causesareductioninvenousreturntotheheartandaconsequentfallinstroke

volumeandcardiacoutput.Turningfrom thelateraltothesupinepositionmayresultina25%

reductionincardiacoutput.Pregnantwomenshouldthereforebenursedintheleftorright

lateralpositionwhereverpossible.Ifthewomanhastobekeptonherback,thepelvisshouldbe

rotatedsothattheuterusdropstothesideandofftheIVC,andcardiacoutputand

uteroplacentalbloodflowareoptimised.Reducedcardiacoutputisassociatedwithareduction

inuterinebloodflowandthereforeinplacentalperfusion,whichcouldcompromisethefoetus.

Althoughbothbloodvolumeandstrokevolumeincreaseinpregnancy,pulmonarycapillary

wedgepressureandcentralvenouspressuredonotincreasesignificantly.Pulmonaryvascular

resistance(PVR),likesystemicvascularresistance(SVR),decreasessignificantlyinnormal

pregnancy.Althoughthereisnoincreaseinpulmonarycapillarywedgepressure(PCWP),serum



colloidosmoticpressureisreducedby10–15%.Thecolloidosmoticpressure/pulmonary

capillarywedgepressuregradientisreducedbyabout30%,makingpregnantwomen

particularlysusceptibletopulmonaryoedema.Pulmonaryoedemawillbeprecipitatedifthereis

eitheranincreaseincardiacpre-load(suchasinfusionoffluids)orincreasedpulmonary

capillarypermeability(suchasinpre-eclampsia)orboth.

Labourisassociatedwithfurtherincreasesincardiacoutput(15%inthefirststageand50%in

thesecondstage)Uterinecontractionsleadtoanauto-transfusionof300–500mlofbloodback

intothecirculationandthesympatheticresponsetopainandanxietyfurtherelevatetheheart

rateandbloodpressure.Cardiacoutputisincreasedbetweencontractionsbutmoresoduring

contractions.

Followingdeliverythereisanimmediateriseincardiacoutputduetoreliefoftheinferiorvena

cavaobstructionandcontractionoftheuterus,whichemptiesbloodintothesystemic

circulation.Cardiacoutputincreasesby60–80%,followedbyarapiddeclinetopre-labour

valueswithinaboutonehourofdelivery.Transferoffluidfrom theextravascularspace

increasesvenousreturnandstrokevolumefurther.

Thosewomenwithcardiovascularcompromisearethereforemostatriskofpulmoraryoedema

duringthesecondstageoflabourandtheimmediatepostpartum period.Cardiacoutputhas

nearlyreturnedtonormal(pre-pregnancyvalues)twoweeksafterdelivery,althoughsome

pathologicalchanges(e.g.hypertensioninpre-eclampsia)maytakemuchlonger.

Theabovephysiologicalchangesleadtochangesoncardiovascularexaminationthatmaybe

misinterpretedaspathologicalbythoseunfamiliarwithpregnancy.Changesmayincludea

boundingorcollapsingpulseandanejectionsystolicmurmur,presentinover90%ofpregnant

women.Themurmurmaybeloudandaudibleallovertheprecordium,withthefirstheartsound

loudandpossiblysometimesathirdheartsound.Theremaybeectopicbeatsandperipheral

oedema.

NormalfindingsonECGinpregnancythatmaypartlyrelatetochangesinthepositionofthe

heartinclude:

atrialandventricularectopics



Qwave(small)andinvertedTwaveinleadIII

ST-segmentdepressionandT-waveinversionintheinferiorandlateralleads

left-axisshiftofQRS.

Adaptivechangesinrenalvasculature

Theprimaryadaptivemechanism inpregnancyisamarkedfallinsystemicvascularresistance

(SVR)occurringbyweeksixofgestation.The40%fallinSVRalsoaffectstherenal

vasculature.4Despiteamajorincreaseinplasmavolumeduringpregnancy,themassive

decreaseinSVRcreatesastateofarterialunder-fillingbecause85%ofthevolumeresidesin

thevenouscirculation.5Thisarterialunder-fillingstateisuniquetopregnancy.ThefallinSVRis

combinedwithincreasedrenalbloodflowandthisisincontrasttootherstatesofarterialunder

-filling,suchascirrhosis,sepsisorarterio-venousfistulas.3,6

Relaxin,apeptidehormoneproducedbythecorpusluteum,deciduaandplacenta,playsan

importantroleintheregulationofhaemodynamicandwatermetabolism duringpregnancy.

Serum concentrationsofrelaxin,alreadyelevatedinthelutealphaseofthemenstrualcycle,rise

afterconceptiontoapeakattheendofthefirsttrimesterandfalltoanintermediatevalue

throughoutthesecondandthirdtrimester.Relaxinstimulatestheformationofendothelin,

whichinturnmediatesvasodilationofrenalarteriesvianitricoxide(NO)synthesis.7

Despiteactivationoftherenin–angiotensin–aldosterone(RAA)system inearlypregnancy,a

simultaneousrelativeresistancetoangiotensinIIdevelops,counterbalancingthe

vasoconstrictiveeffectandallowingprofoundvasodilatation.8Thisinsensitivitytoangiotensin

IImaybeexplainedbytheeffectsofprogesteroneandvascularendothelialgrowth

factormediatedprostacyclinproduction,aswellasmodificationsintheangiotensinIreceptors

duringpregnancy.9ThevascularrefractorinesstoangiotensinIImayalsobesharedbyother

vasoconstrictorssuchasadrenergicagonistsandargininevasopressin(AVP).10Itispossible

thatinthesecondhalfofpregnancy,theplacentalvasodilatatorsaremoreimportantinthe

maintenanceofthevasodilatatorystate.6



Changesinrenalanatomyandfunction

Asaconsequenceofrenalvasodilatation,renalplasmaflowandglomerularfiltrationrate(GFR)

bothincrease,comparedtonon-pregnantlevels,by40–65and50–85%,respectively.Inaddition,

theincreaseinplasmavolumecausesdecreasedoncoticpressureintheglomeruli,witha

subsequentriseinGFR.11Vascularresistancedecreasesinboththerenalafferentandefferent

arteriolesandtherefore,despitethemassiveincreaseinrenalplasmaflow,glomerular

hydrostaticpressureremainsstable,avoidingthedevelopmentofglomerularhypertension.As

theGFRrises,bothserum creatinineandureaconcentrationsdecreasetomeanvaluesofabout

44.2μmol/land3.2mmol/l,respectively.

Theincreasedrenalbloodflowleadstoanincreaseinrenalsizeof1–1.5cm,reachingthe

maximalsizebymid-pregnancy.Thekidney,pelvisandcalycealsystemsdilatedueto

mechanicalcompressiveforcesontheureters.Progesterone,whichreducesureteraltone,

peristalsisandcontractionpressure,mediatestheseanatomicalchanges.11Theincreasein

renalsizeisassociatedwithanincreaseinrenalvasculature,interstitialvolumeandurinary

deadspace.Thereisalsodilationoftheureters,renalpelvisandcalyces,leadingto

physiologicalhydronephrosisinover80%ofwomen.12Thereisoftenaright-sided

predominanceofhydronephrosisduetotheanatomicalcircumstancesoftherightureter

crossingtheiliacandovarianvesselsatananglebeforeenteringthepelvis.Urinarystasisinthe

dilatedcollectingsystem predisposespregnantwomenwithasymptomaticbacteriuriato

pyelonephritis.12

Therearealsoalterationsinthetubularhandlingofwastesandnutrients.Asinthenon-

pregnantstate,glucoseisfreelyfilteredintheglomerulus.Duringpregnancy,thereabsorption

ofglucoseintheproximalandcollectingtubuleislesseffective,withvariableexcretion.About

90%ofpregnantwomenwithnormalbloodglucoselevelsexcrete1–10gofglucoseperday.

DuetotheincreasesinbothGFRandglomerularcapillarypermeabilitytoalbumin,thefractional

excretionofproteinmayincreaseupto300mg/dayandproteinexcretionalsoincreases.In

normalpregnanciesthetotalproteinconcentrationinurinedoesnotincreaseabovetheupper

normallimit.UricacidexcretionalsoincreasesduetoincreasedGFRand/ordecreasedtubular

reabsorption.11

Bodywatermetabolism

Arterialunder-fillinginpregnancyleadstothestimulationofarterialbaroreceptors,activating

theRAAandthesympatheticnervoussystems.Thisresultsinanon-osmoticreleaseofAVP

from thehypothalamus.Thesechangesleadtosodium andwaterretentioninthekidneysand



createahypervolaemic,hypoosmolarstatecharacteristicofpregnancy.6Extracellularvolume

increasesby30–50%andplasmavolumeby30–40%.Maternalbloodvolumeincreasesby45%

toapproximately1200to1600mlabovenon-pregnantvalues.Bythelatethirdtrimesterthe

plasmavolumeincreasesbymorethan50–60%,withalowerincreaseinredbloodcellmass,

andthereforeplasmaosmolalityfallsby10mosmol/kg.Theincreaseinplasmavolumeplaysa

criticalroleinmaintainingcirculatingbloodvolume,bloodpressureanduteroplacental

perfusionduringpregnancy.13

ActivationoftheRAAsystem leadstoincreasedplasmalevelsofaldosteroneandsubsequent

saltandwaterretentioninthedistaltubuleandcollectingduct.Inadditiontotheincreased

reninproductionbythekidneys,ovariesanduteroplacentalunitproduceaninactiveprecursor

proteinofrenininearlypregnancy.14Theplacentaalsoproducesoestrogensthatstimulatethe

synthesisofangiotensinogenbytheliver,resultinginproportionallyincreasedlevelsof

aldosteronecomparedtorenin.Plasmalevelsofaldosteronecorrelatewellwiththoseof

oestrogensandriseprogressivelyduringpregnancy.Theincreaseinaldosteroneisresponsible

fortheincreaseinplasmavolumeduringpregnancy.13Progesterone,whichisapotent

aldosteroneantagonist,allowsnatriuresisdespitethesodium-retainingpropertiesof

aldosterone.TheriseinGFRalsoincreasesdistalsodium delivery,allowingexcretionofexcess

sodium.Progesteronehasantikaliureticeffectsandthereforeexcretionofpotassium iskept

constantthroughoutpregnancyduetochangesintubularreabsorption,andtotalbody

potassium increasesduringpregnancy.6,15

HypothalamicAVPreleaseincreasesearlyinpregnancyasaresultofincreasedrelaxinlevels.

AVPmediatesanincreaseinwaterreabsorptionviaaquaporin2channelsinthecollectingduct.

ThethresholdforhypothalamicsecretionofAVPandthethresholdforthirstisresettoalower

plasmaosmolalitylevel,creatingthehypo-osmolarstatecharacteristicofpregnancy.These

changesaremediatedbyhumanchorionicgonadotropin(hCG)andrelaxin.11,16

Inmiddleandlatepregnancythereisafour-foldincreaseinvasopressinase,anaminopeptidase

producedbytheplacenta.Thesechangesenhancethemetabolicclearanceofvasopressinand

regulatethelevelsofactiveAVP.Inconditionsofincreasedplacentalproductionof

vasopressinase,suchaspre-eclampsiaortwinpregnancies,atransientdiabetesinsipidusmay

develop.17Asaconsequenceofthisvolumeexpansion,thesecretionofatrialnatriuretic

peptidesincreasesby40%inthethirdtrimester,andrisesfurtherduringthefirstweek

postpartum.Thelevelsofnatriureticpeptidesarehigherinpregnantwomenwithchronic

hypertensionandpre-eclampsia.18



Respiratorychanges

Thereisasignificantincreaseinoxygendemandduringnormalpregnancy.Thisisduetoa15%

increaseinthemetabolicrateanda20%increasedconsumptionofoxygen.Thereisa40–50%

increaseinminuteventilation,mostlyduetoanincreaseintidalvolume,ratherthaninthe

respiratoryrate.ThismaternalhyperventilationcausesarterialpO2toincreaseandarterial

pCO2tofall,withacompensatoryfallinserum bicarbonateto18–22mmol/l(seeTable1).A

mildfullycompensatedrespiratoryalkalosisisthereforenormalinpregnancy(arterialpH7.44).

Table1

1.Referencerangesforrespiratoryfunctioninpregnancy

Normalvalues

InvestigationsPregnant Non-pregnant

pH 7.40–7.47 7.35–7.45

pCO2,mmHg(kPa) ≤30(3.6–4.3)35–40(4.7–6.0)

pO2,mmHg(kPa) 100–104(12.6–14.0)90–100(10.6–14.0)

Baseexcess Nochange +2to–2

Bicarbonate(mmol/l)18–2220–28

Diaphragmaticelevationinlatepregnancyresultsindecreasedfunctionalresidualcapacitybut

diaphragmaticexcursionandthereforevitalcapacityremainunaltered.Inspiratoryreserve

volumeisreducedearlyinpregnancy,asaresultofincreasedtidalvolume,butincreasesinthe

thirdtrimester,asaresultofreducedfunctionalresidualcapacity(seeFig.1).Peakexpiratory

flowrate(PEFR)andforcedexpiratoryvolumeinonesecond(FEV1)areunaffectedby

pregnancy.

Fig.1.
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Physiologicalchangesinrespiratoryfunctioninpregnancy.



Pregnancymayalsobeaccompaniedbyasubjectivefeelingofbreathlessnesswithouthypoxia.

Thisisphysiologicalandismostcommoninthethirdtrimesterbutmaystartatanytimeduring

gestation.Classically,thebreathlessnessispresentatrestorwhiletalkingandmay

paradoxicallyimproveduringmildactivity.

Adaptivechangesinthealimentarytract

Nauseaandvomitingareverycommoncomplaintsinpregnancy,affecting50–90%of

pregnancies.19Thismightbeanadaptivemechanism ofpregnancy,aimingatpreventing

pregnantwomenfrom consumingpotentiallyteratogenicsubstancessuchasstrong-tasting

fruitsandvegetables.Theexactunderlyingmechanism isnotclearbutpregnancy-associated

hormonessuchashumanchorionicgonadotropin(hCG),oestrogenandprogesteronecouldto

beinvolvedintheaetiology.ThelevelsofhCGpeakattheendofthefirsttrimesterwhenthe

trophoblastismostactivelyproducinghCG,correlatingwiththenauseasymptoms.Nauseais

alsomorefrequentinpregnancieswithhighlevelsofhCG,suchasintwinpregnancies.

Thyroidhormonesmayalsobeinvolvedinthedevelopmentofnauseasymptoms,asastrong

associationwithnauseaandabnormalthyroidfunctiontestshasbeenfound.Thyroid-

stimulatinghormone(TSH)andhCGhavesimilarbiomolecularstructuresandthereforehCG

cross-reactswithTSH,stimulatingthethyroidgland.18Psychologicalcauses,genetic

incompatibility,immunologicalfactors,nutritionaldeficienciesaswellasHelicobacterpylori

infectionhavebeenproposedasaetiologicalfactorsofnauseaandvomitingduring

pregnancy.20

Thenauseasymptomsusuallyresolvebyweek20butabout10–20%ofthepatientsexperience

symptomsbeyondweek20andsomeuntiltheendofthepregnancy.21Inmostcasesminor

dietarymodificationandobservationofelectrolytebalanceissufficient.About0.5–3%of

pregnantwomendevelophyperemesisgravidum,asevereform ofnauseaandexcessive

vomiting,oftenresultingindehydration,electrolyteimbalance,ketonuria,weightlossand

vitaminormineraldeficiencies.19,21Inthesecasesintravenousfluidandvitaminsubstitutionis

commonlyrequired.Thiaminesupplementationisimportantinordertoavoidthedevelopment

ofWernicke’sencephalopathy.22

Aspregnancyprogresses,mechanicalchangesinthealimentarytractalsooccur,causedbythe

growinguterus.Thestomachisincreasinglydisplacedupwards,leadingtoanalteredaxisand

increasedintra-gastricpressure.Theoesophagealsphinctertoneisalsodecreasedandthese

factorsmaypredisposetosymptomsofreflux,aswellasnauseaandvomiting.23



Changesinoestrogenandprogesteronelevelsalsoinfluencethestructuralalterationsinthe

gastrointestinaltract.Theseincludeabnormalitiesingastricneuralactivityandsmoothmuscle

function,leadingtogasticdysrhythmiaorgastroparesis.Thealterationsarepronouncedin

womenwithpre-existinggastrointestinaldiseasessuchasgastroesophagealrefluxdisease,

diabeticgastroparesis,gastricbypasssurgeryorinflammatoryboweldisease.21,23

Endocrinechanges

Thyroid

Thereisanincreaseintheproductionofthyroxine-bindingglobulin(TBG)bytheliver,resulting

inincreasedlevelsofthyroxine(T4)andtri-iodothyronine(T3).Serum freeT4(fT4)andT3(fT3)

levelsareslightlyalteredbutareusuallyofnoclinicalsignificance.LevelsoffreeT3andT4do

howeverdecreaseslightlyinthesecondandthirdtrimestersofpregnancyandthenormal

rangesarereduced.24FreeT3andT4arethephysiologicallyimportanthormonesandarethe

maindeterminantsofwhetherapatientiseuthyroid.

Serum concentrationsofTSHaredecreasedslightlyinthefirsttrimesterinresponsetothe

thyrotropiceffectsofincreasedlevelsofhumanchorionicgonadotropin.LevelsofTSHincrease

againattheendofthefirsttrimester,andtheupperlimitinpregnancyisraisedto5.5μmol/l

comparedwiththelevelof4.0μmol/linthenon-pregnantstate(Table2).

Table2

Referencerangesforthyroidfunctioninpregnancy37

Thyroidfunction Non-pregnant1sttrimester 2ndtrimester3rdtrimester

fT4(pmol/l) 9–26 10–169–15.58–14.5

fT3(pmol/l) 2.6–5.7 3–7 3–5.5 2.5–5.5

TSH(mU/l) 0.3–4.2 0–5.5 0.5–3.5 0.5–3.5

Pregnancyisassociatedwitharelativeiodinedeficiency.Thecausesforthisareactive

transportofiodinefrom themothertothefoeto-placentalunitandincreasediodineexcretionin

theurine.TheWorldHealthOrganisationrecommendsanincreaseiniodineintakeinpregnancy

from 100to150–200mg/day.24Ifiodineintakeismaintainedinpregnancy,thesizeofthe

thyroidglandremainsunchangedandthereforethepresenceofgoitershouldalwaysbe



investigated.Thethyroidglandis25%largerinpatientswhoareiodinedeficient.

Adrenalgland

Threetypesofsteroidsareproducedbytheadrenalglands:mineralocorticoids,glucocorticoids

andsexsteroids.TheRAAsystem isstimulatedduetoreductionsinvascularresistanceand

bloodpressure,causingathree-foldincreaseinaldosteronelevelsinthefirsttrimesteranda10

-foldincreaseinthethirdtrimester.25,26LevelsofangiotensinIIareincreasedtwo-tofour-fold

andreninactivityisincreasedthreetofourtimesthatofnon-pregnantvalues.

Duringpregnancythereisalsoanincreaseinserum levelsofdeoxycorticosterone,

corticosteroid-bindingglobulin(CBG),adrenocorticotropichormone(ACTH),cortisolandfree

cortisol.Thesechangescauseastateofphysiologicalhypercortisolism andmaybeclinically

manifestedbythestriae,facialplethora,risingbloodpressureorimpairedglucosetolerance.27

Totalcortisollevelsincreaseattheendofthefirsttrimesterandarethreetimeshigherthannon

-pregnantvaluesattheendofpregnancy.Hypercortisolism inlatepregnancyisalsotheresult

oftheproductionofcorticotropin-releasinghormonebytheplacenta–oneofthetriggersfor

theonsetoflabour.DiurnalvariationsinACTHandcortisollevelsaremaintained.The

hypothalamic–pituitaryaxisresponsetoexogenousglucocorticoidsisbluntedduring

pregnancy.

Pituitarygland

Thepituitaryglandenlargesinpregnancyandthisismainlyduetoproliferationofprolactin-

producingcellsintheanteriorlobe.Serum prolactinlevelsincreaseinthefirsttrimesterandare

10timeshigheratterm.Theincreaseinprolactinismostlikelyduetoincreasingserum

oestradiolconcentrationsduringpregnancy.Levelsoffollicle-stimulatinghormone(FSH)and

luteinisinghormone(LH)areundetectableduringpregnancyduetothenegativefeedbackfrom

elevatedlevelsofoestrogen,progesteroneandinhibin.28Pituitarygrowthhormoneproduction

isdecreasedbutserum growthhormonelevelsareincreasedduetogrowthhormone

productionfrom theplacenta.

Theposteriorpituitaryproducesoxytocinandargininevasopressin(AVP).Oxytocinlevels

increaseinpregnancyandpeakatterm.Levelsofantidiuretichormone(ADH)remain

unchangedbutthedecreaseinsodium concentrationinpregnancycausesadecreasein

osmolality.ThereisthereforearesettingofosmoreceptorsforADHreleaseandthirst.29



Glucosemetabolism

Pregnancyisadiabetogenicstateandtheadaptationsinglucosemetabolism allowshuntingof

glucosetothefoetustopromotedevelopment,whilemaintainingadequatematernal

nutrition.30Insulin-secretingpancreaticbeta-cellsundergohyperplasia,resultinginincreased

insulinsecretionandincreasedinsulinsensitivityinearlypregnancy,followedbyprogressive

insulinresistance.31

Maternalinsulinresistancebeginsinthesecondtrimesterandpeaksinthethirdtrimester.This

istheresultofincreasingsecretionofdiabetogenichormonessuchashumanplacental

lactogen,growthhormone,progesterone,cortisolandprolactin.Thesehormonescausea

decreaseininsulinsensitivityintheperipheraltissuessuchasadipocytesandskeletalmuscle

byinterferingwithinsulinreceptorsignalling.32Theeffectoftheplacentalhormonesoninsulin

sensitivityismadeevidentpostpartum whenthereisasuddendecreaseininsulinresistance.33

Insulinlevelsareincreasedinboththefastingandpostprandialstatesinpregnancy.Fasting

glucoselevelsarehoweverdecreaseddueto:

increasedstorageoftissueglycogen

increasedperipheralglucoseuse

decreaseinglucoseproductionbytheliver

uptakeofglucosebythefoetus.34

Insulinresistanceandrelativehypoglycaemiaresultsinlipolysis,allowingthepregnantmother

topreferentiallyusefatforfuel,preservingtheavailableglucoseandaminoacidsforthefoetus

andminimisingproteincatabolism.Theplacentaallowstransferofglucose,aminoacidsand

ketonestothefoetusbutisimpermeabletolargelipids.Ifawoman’sendocrinepancreatic

functionisimpaired,andsheisunabletoovercometheinsulinresistanceassociatedwith



pregnancythengestationaldiabetesdevelops.

Lipidmetabolism

Thereisanincreaseintotalserum cholesterolandtriglyceridelevelsinpregnancy.Theincrease

intriglyceridelevelsismainlyasaresultofincreasedsynthesisbytheliveranddecreased

lipoproteinlipaseactivity,resultingindecreasedcatabolism ofadiposetissue.Low-density

lipoprotein(LDL)cholesterollevelsalsoincreaseandreach50%atterm.High-density

lipoproteinlevelsincreaseinthefirsthalfofpregnancyandfallinthethirdtrimesterbut

concentrationsare15%higherthannon-pregnantlevels.

Changesinlipidmetabolism accommodatetheneedsofthedevelopingfoetus.Increased

triglyceridelevelsprovideforthemother’senergyneedswhileglucoseissparedforthefoetus.

TheincreaseinLDLcholesterolisimportantforplacentalsteroidogenesis.

Proteinmetabolism

Pregnantwomenrequireanincreasedintakeofproteinduringpregnancy.Aminoacidsare

activelytransportedacrosstheplacentatofulfilltheneedsofthedevelopingfoetus.During

pregnancy,proteincatabolism isdecreasedasfatstoresareusedtoprovideforenergy

metabolism.

Calcium metabolism

Theaveragefoetusrequiresabout30gofcalcium tomaintainitsphysiologicalprocesses.

Mostofthiscalcium istransferredtothefoetusduringthethirdtrimesterandisderivedfrom

increaseddietaryabsorptionbythemother.35Thereisadecreaseintotalserum calcium

concentrationduringpregnancy.Thisismainlyduetoadecreaseinserum albuminlevelsdue

tohaemodilution,resultinginadecreaseinthealbumin-boundfractionofcalcium.Howeverthe

physiologicallyimportantfraction,serum ionisedcalcium,remainsunchanged.36Therefore

maternalserum levelsofcalcium aremaintainedduringpregnancyandfoetalneedsaremetby

increasedintestinalabsorption,whichdoublesfrom 12weeks’gestation.Howeverthepeak

demandforcalcium isonlyinthethirdtrimester.Thisearlyincreaseincalcium absorptionmay

allowthematernalskeletontostorecalcium inadvance.17

Serum levelsof25-hydroxyvitaminDincreaseandthisismetabolisedfurtherinto1.25-



dihydroxyvitaminD.Theincreasein1.25-dihydroxyvitaminDisdirectlyresponsibleforthe

increaseinintestinalcalcium absorption.36

Increasedcalcium absorptionisassociatedwithanincreaseincalcium excretionintheurine

andthesechangesbeginfrom 12weeks.Duringperiodsoffasting,urinarycalcium valuesare

lowornormal,confirmingthathypercalciuriaistheconsequenceofincreasedabsorption.35

Pregnancyisthereforeariskfactorforkidneystones.

Skeletalandbonedensitychanges

Thereiscontroversyregardingtheeffectofpregnancyonmaternalboneloss.Although

pregnancyandlactationareassociatedwithreversibleboneloss,studiesdonotsupportan

associationbetweenparityandosteoporosisinlaterlife.25Boneturnoverislowinthefirst

trimesterandincreasesinthethirdtrimesterwhenfoetalcalcium needsareincreased.The

sourceofthecalcium inthethirdtrimesterispreviouslystoredskeletalcalcium.36

Astudyofbonebiopsiesinpregnancyhasshownachangeinthemicro-architecturalpatternof

boneinpregnancybutnotoverallbonemass.36Thechangesreflecttheneedforthematernal

skeletontoberesistanttobendingforcesandbiochemicalstressesneededtocarrythe

growingfoetus.

Othermusculoskeletalchangesseeninpregnancyinclude:

exaggeratedlordosisofthelowerback,forwardflexionoftheneckanddownwardmovementof

theshoulders

jointlaxityintheanteriorandlongitudinalligamentsofthelumbarspine

wideningandincreasedmobilityofthesacroiliacjointsandpubicsymphysis.


