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DATAANDPERSPECTIVES

ApproachingtheLimit:
Long-TermTrendsin
LateandVeryLate
Fertility

FRANCESCOC.BILLARI

HANS-PETERKOHLER

GUNNARANDERSSON
HANSLUNDSTRÖM

ANUNDERSTANDINGofthelong-termtrendsintheagelimitsofchildbearing
isimportantforevaluatingcontemporarybelow-replacementfertilityandits
consequences.NeverbeforeinhistoryhaveEuropeanwomenbornetheirfirst
childrenaslate,onaverage,asatthebeginningofthetwenty-firstcentury
(Kohleretal.2006;Prioux2005).Theentryintoparenthoodhasalsobeen
increasinglydelayedinmanyotherdevelopedcountries,includingtheUnited
States,wherefertilitypostponementisparticularlypronouncedamongnon-
Hispanicwhites(LesthaegheandNeidert2006;Martinetal.2005).Inlight
ofthesetrends,Kohler,Billari,andOrtega(2002)havearguedthatcontem-
poraryfertilitytrendsindevelopedcountriesarecharacterizedbyincreasing,
persistent,andarguablyirreversibledelaysinchildbearingacrossawiderange
ofsocioeconomicconditions.Thispostponementofchildbearingimpliesthat
arisingfractionofwomenattempttobecomemothersatlateagesandface
concerns about age-related increases in infertility, increased uncertainty
abouttheabilitytoachievedesiredfertility,andareducedabilitytoadjust
toshockstoone’schildbearingplansduetounanticipateduniondissolution,
delaysinfindingasuitablepartner,miscarriages,orlonger-than-expected
waitingtimestopregnancy.

Therearesocialandbiologicallimitstothedelayofchildbearing.The
perceptionofnormativeagelimitstofertilitypostponementwascommonin
thepastandcontinuesinsomecontexts.SetterstenandHägestad(1996),for
instance,inasurveyofChicago’sMetropolitanArea,findthat78.5percent
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ofrespondentsperceiveanormative“agedeadline”forchildbearing.Inthe
NorthernItalianregionofFriuli-VeneziaGiulia,Billari,andMicheli(1999)
findthat90percentoftherespondentsperceiveanagedeadlineforchild-
bearing.Averageagedeadlinesrangefrom40.4yearsto41.4years,notun-
likesimilarestimatesobtainedbyToulemonandLeridon(1999)forFrance.
TheseagedeadlinescorrespondcloselytoobservedagesatlastbirthinFrance
(ToulemonandLeridon1999)andareclosetoestimatesofthebiologicallimit
tochildbearingthatdatebacktoHenry(1961).Atthesametime,booksaim-
ingforapopularreadershipsuchasWhatEveryWomanShouldKnowAbout
FertilityandHerBiologicalClock(Birrittieri2004)andbrochureson“Preserv-
ingyourfertility”(Resolve2005)areproliferating,targetedatwomenwho
havedelayed—oranticipatedelaying—childbearingtorelativelylateages.
Amazon.com,1forinstance,lists1,207booksunderthesubject“infertility,”
450ofwhichwerepublishedaftertheyear2000.Thedemandforsuchinfor-
mationindicatesthatcurrentagedeadlinesforfertilityarebeingchallenged
andbiologicallimitsarebeingpushed.

Thisprocess,however,isnotwithoutobstacles.Inamuch-notedbook
onCreatingaLife:ProfessionalWomenandtheQuestforChildren,Hewlett(2002)
describesthedifficultieseducatedwomenfaceinhavingchildrenatadvanced
ages,includingjobmarketconcerns,problemsfindingamate,subfecundity
andinfertility,andunrealizedfertilitydesires.Toaddressthechallengesof
delayed childbearing, such websites as www.extendfertility.com2 promise
“Fertility—Freedom—Finally”throughaneggfreezingservicethat“offers
[women]theopportunitytoeffectivelyslowdowntheirbiologicalclocks,”
allowingthemtotakebetteradvantageofan“astoundingnumberofoppor-
tunities”suchasobtainingadvanceddegrees,pursuingsuccessfulcareers,and
leadingrichanddemandinglives.ArecentreportpreparedbyRANDEurope
advocatestheincorporationofassistedreproductivetechnologiesinthepolicy
mixtoincreasefertilityinEurope(Grantetal.2006).

Thisarticlehasthreegoals.First,wecomparelatechildbearinginthe
UnitedStatesandseveralEuropeancountries.Wethendiscussthephysiologi-
calaspectsoflatefertilityandreviewrecentanalysesoftheextenttowhich
assistedreproductivetechnologiesaffecttheprobabilitiesofconceivingand
havingsuccessfulpregnanciesatadvancedchildbearingages.Finally,wepres-
entanalysesoflateandverylatefertilityinSweden,acountryforwhichthe
relevantdataareofhighquality,coveralongtimeperiod,andpermitcalcula-
tionofconventionalage-specificfertilityrates,aswellasoccurrence-exposure
ratesthateliminatetheinfluencesofshiftsintheparitydistribution.

Comparativeanalysisoflatechildbearing

Wedefinelate fertility aschildbearingatages40yearsandabove,andvery late 
fertility aschildbearingatages45andabove.Werefertoages40yearsand
aboveasadvanced childbearingages,andtoages45yearsandaboveasvery 
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advancedchildbearingages.Forselectedcountries,Table1showsthat,inthe
UnitedStatesandwesternEurope,afterdeclinesduringthe1970sandearly
1980salongwiththeoveralldeclineinfertility,lateandverylatechildbearing
havebeenincreasinginrecentyearsintermsof:totalnumberofbirths;age-
specificfertilityratesatadvancedandveryadvancedchildbearingages(ages
40andabove);andthefractionsofallbirthsandoftheTFRthatoccurabove
age40years(forsimilaranalyses,seePrioux2005).Someofthesechanges
havebeensubstantial.IntheUnitedStates,forinstance,age-specificfertility
ratesatagesabove40havemorethandoubledsince1980,whileremaining
atlevelsbelowthoseobservedinseveraloftheEuropeancountriesinTable1.
OnaverageintheUnitedStates,asof2003,.046birthsor2.3percentofthe
TFRoccurredtowomenafterage40(basedonthesumofage-specificfertility
rates).Moreover,thenumberofbirthsintheUnitedStatestowomenaged
40orolderhasincreasedmorethanfourfoldsince1980,with2.6percentof
allbirthsin2003occurringtowomenaged40andover,andthenumberof
birthstowomenaboveage50hasincreasedmorethantwofoldsince1997
to323birthsin2003(Martinetal.2005).

Thefractionoffertilityandofallbirthsoccurringtowomenaboveage40
islargerinsomeEuropeancountriesthanitisintheUnitedStates.Sweden,
forexample,exhibitshigherage-specificfertilityratesatages40–44,with9.6
annualbirthsperthousandwomenaged40–44years;andthefractionofthe
TFRthatoccursaboveage40iscloseto3percent—correspondingtoanaver-
ageofabout.05birthsafterage40foreachwoman.ThefractionoftheTFR
occurringafterage40exceeds3percentinItalyandSpain,withthesehigher
fractionsinbothcountriesduetolowerfertilityratesatyoungeragesrather
thantohigherfertilityratesaboveage40.Italyexhibitsthehighestfraction
ofbirths—3.9percent—thatoccurtowomenaged40yearsandover.

Despitetherecentincreasesinlateandverylatefertilityinthecountries
inTable1,however,theage-specificfertilityratesatagesabove40yearsin
2002/03arefarlowerthantheratesobservedearlierinthetwentiethcentury
orpriortothedemographictransition.InSwedenaround1860,forinstance,
age-specificfertilityrateswerearound127birthsperthousandwomenaged
40–44and20perthousandwomenaged45–49,implyingthatonaverage
around0.7births—orabout16percentoftheTFR—occurredtowomenafter
age40(StatisticsSweden1999).Morerecently,thepeakintheage-specific
fertilityrateatadvancedagesintheUnitedStatesoccurredduring1956–57,
with16.3birthsper thousandwomenaged40–44and1.1per thousand
womenaged45–49(NCHS1997)—ratessimilartothoseobservedaround
1970inItalyandtheNetherlands.Duringthepeakofthebabyboominthe
UnitedStates,therefore,about2.3percentoftheTFRoccurredaboveage40,
orabout.09birthsperwomanafterage40inthe1957syntheticcohort.

AcrossallcountriesinTable1,therecentincreaseinthenumberof
birthstowomenaged40andolderissubstantiallylargerthantheincrease
inage-specificfertilityrates.Theincreaseinthenumberofbirthstoolder
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womenthusresults inpartfromanincreaseinthefractionofwomenof
childbearingageswhoareabove40.Forinstance,thefractionofwomenaged
40yearsandolderamongwomen15–49yearsoldhasincreasedmorethan
50percentsince1980intheUnitedStates,and23–40percentinSweden,
Denmark,andtheNetherlands;somewhatsmallerincreaseshaveoccurred
inItalyandSpainduringthe1990s.Asubstantialpartoftheincreaseinthe
numberofbirthstowomenaboveage40isthereforeduetocompositional
age-structurechangesamongwomeninchildbearingages.Inaddition,even
controllingfortheseage-structureeffects,therecentincreaseinage-specific
fertilityratesaboveage40isinpartcompositionalandcannotbefullyat-
tributedtorisingprobabilitiesofconceptionorofsuccessfulpregnancyat
advancedchildbearingages.3Inparticular,theage-specificfertilityratesabove
age40inTable1areaffectedbyashiftintheparitydistributionofwomenat
advancedchildbearingages.Mostimportantinthiscontextistheincreaseat
ages40andaboveofchildlesswomenorwomenatparityonewhodelayed
fertilityandintendtohaveafirstchildoranadditionalchildatadvancedages.
Forinstance,anincreaseinthefractionofwomenwhoarestillchildlessatage
40canresultinanincreaseinage-specificfertilityratesaboveage40—even
iftheprobabilityofhavingafirstchildforwomenwhoarechildlessatage40
isconstant.Inmanycountriessuchanincreaseintheproportionofwomen
whoarechildlesshasoccurredinrecentyears(seeTable2forexamples).In
theUnitedStates,theproportionofchildlessorprimiparouswomenatages
40–44increasedby74–80percentduring1980–2000.Totheextentthatthis
trendisduetopostponedfertilityratherthanincreasesindesiredchildless-

TABLE2 Paritydistributionofwomenatadvanced
childbearingages,UnitedStates,Sweden,and
Netherlands,1970–2000

  Fractionofwomenat

Country/age Year Parity0 Parity1 Parity2

UnitedStates 1970 0.11 0.11 0.23
(womenaged40–44) 1980 0.09 0.11 0.25
 1990 0.14 0.17 0.35
 2000 0.16 0.19 0.34

Sweden 1970 0.15 0.20 0.34
(womenaged40) 1980 0.12 0.16 0.42
 1990 0.12 0.16 0.45
 1999 0.15 0.14 0.41

Netherlands 1980 0.12 0.10 0.42
(womenaged40) 1990 0.15 0.15 0.47
 1998 0.18 0.15 0.42

SOURCES:NCHS(1999)forUnitedStates;KohlerandOrtega(2002)forSwedenandthe
Netherlands
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nessorsingle-childfamilies,itislikelytohavecontributedtoanincreasein
age-specificfertilityratesaboveage40.

In thebroader sense, this shift in theparitydistribution reflects the
changingbirth-ordercompositionoflateandverylatefertility(seealsoPri-
oux2005;Toulemon2005).Innaturalfertilitypopulations,aswellasduring
periodsofhighfertility,childbearingatadvancedandveryadvancedageswas
primarilyduetohigh-paritybirthsoccurringtorelativelyfecundcouples.In
contemporarylow-fertilitycontexts,lateandverylatechildbearingoccurs
increasinglyatlowparities,primarilyfirstorsecondchildren.InSwedenin
2005,forinstance,morethan50percentofallbirthstowomenaged40–44
yearswerefirstorsecondchildren,upfromaround37percentinthelate
1960s.Similarly,intheUnitedStatesabout50percentofbirthstowomen
aged40–44werefirstandsecondchildrenin2002.4Thisreversaloftheparity
compositionofwomenwhoengageinchildbearingatlateandverylateages
contributestothescientificandpopularconcernsabouttheconsequences
ofdelayedchildbearingsincefailurestoachievefertilitydesiresatlowpari-
ties—andparticularlyafailuretohaveatleastonechild—havesignificantly
largerimplicationsforindividualwell-beingthandothewidespreadover-or
undershootingofdesiredfertilityathigherparities(Kohleretal.2005;Ques-
nel-ValléeandMorgan2003).

Insummary,theevidencereportedaboveshowsthatthewidelyob-
servedincreasesinthenumberofbirthsandage-specificfertilityratesabove
age40resultfromcompositionalfactors—agedistributionandparitycom-
position—inadditiontothebehavioral,biological,andtechnologicalchanges
thataffecttheprobabilityofgivingbirthconditionalonawoman’sageand
parity.Thedistinctionbetweencompositionalfactorsandfactorsrelatedto
theprobabilityofgivingbirthconditionalonageandparityisessentialfor
interpretingtrendsinlatechildbearingandtheimplicationsforwell-beingof
unrealizedfertilitydesires.Sofar,thisaspecthasbeensurprisinglyabsentin
manydiscussionsoftheincreasednumberofbirthsatadvancedages(excep-
tionsincludePrioux2005;Toulemon2005).Moreover,studiesoflateand
verylatefertilityinmanycountriesarehamperedbythefactthathighages
atbirthmaybereportedwitherror,andthefactthatofficialstatisticsoften
reportbirthsatveryadvancedagesinanopen-endedagecategory,usually
45yearsandolder.TheUSCensusBureau,forexample,adjusteditsprac-
ticeonlyin1997byshiftingtheopen-endedintervalto50+years(Martin
etal.2005).

Physiologicalfactorsinlatefertility

Menopauseistheuppermostlimitforthereproductivelifespanofwomen.
Whiletherehavebeencasesofpost-menopausalfertilitywithassistedre-
productivetechnologies(ART),includingrecentlya62-year-oldCalifornia
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womanwhogavebirthtohertwelfthchildafterinvitrofertilization(IVF)
treatment (MSNBC, 21 February 2006), the onset of permanent sterility
usuallyprecedesmenopauseby someyears (teVeldeetal.1998).Ageat
menopauseaveragesabout50–51yearsinWesterncountriesandshowsa
remarkablevariationamongwomen,fromage40toage60years.Thevaria-
tionpartiallydependsonawoman’scontraceptiveuseandparity(Kaufert
etal.1987;Stanford etal.1987;van Zonneveld etal.2001), but a large
fractionofthevariation—possiblyasmuchas85percent—maybegenetic
(deBruinetal.2001).Moreover,thereseemstobenoevidenceforanin-
creaseintheageatmenopauseinrecentyearsthatwouldparallelincreases
in longevityandwouldbeconsistentwitha“rescaling”of the lifecourse
in response toprolonged life expectancies (Lee andGoldstein2003;Leri-
don2004).

Awoman’schancetostartapregnancythatendsinalivebirthdeclines
andendsseveralyearsbeforemenopause.Thisfindingissupportedbystud-
ies of populationsnotusing contraception.Bongaarts(1983) reports that
themedianageofwomenatlastbirthisfairlystablearound40–41years
innaturalfertilitypopulationsacrossdifferenthistoricalsettings,signaling
theapproachingendofreproductionseveralyearspriortomenopause.Le-
ridon(2004)estimatesthatinnoncontraceptingpopulationsthemeanages
forthreemarkersofwomen’stransitionintopost-reproductivelifeare41.2
yearsforthedeliveryofthelastbirth,44.7yearsfortheonsetofsterility,and
50.5yearsformenopause.

Fecundability—that is, the probability of conceiving within one
monthofunprotectedsexualintercourse—hasbeenshowntodeclinewith
age for both men and women (e.g.,Auger and Jouannet2005;Dunson
etal.2002;Gougeon2005;Larsen and Vaupel1993;Leridon2004;Men-
ken1985;Skakkebæketal.2006).Biologicalaginghasastrongimpacton
sterilityespeciallyaboveage35(e.g.,Leridon2005;Menkenetal.1986).Ta-
ble3reportssomefrequentlycitedestimatesofsterilitybyage.Anadditional
signofdecreasingreproductiveabilityassociatedwithdelayedchildbearingis
therisingdemandforinfertilitytreatmentbymeansofassistedreproductive
technologies, including intracytoplasmatic sperminjection(ICSI), invitro
fertilization,gameteintrafallopiantransfer(GIFT),andzygoteintrafallopian
transfer(ZIFT).5ThenumberofARTcyclesperformedintheUnitedStates,
which does not include insemination according to the CDC (Centers for
DiseaseControlandPrevention)definition,hasalmostdoubledfrom64,810
(0.9perthousandwomenaged15–49)in1996to122,872(1.7perthousand
womenaged15–49)in2003(CDC2005).Thenumberoflivebirthdeliver-
iesresultingfromARThasincreasedfrom14,507in1996to35,785(+147
percent)in2003,andthenumberofinfantsbornasaresultofARTrosefrom
20,480in1996to48,756(+138percent)in2003.In2003,therefore,about
1.2percentofchildrenbornintheUnitedStateswereconceivedusingART,
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TABLE3 Estimatesofpercentofcouplesdefinitelysterile(unableto
havealivebirth)bywoman’sage

  Henry Henry  Trussell Menken
 Vincent (1953) (1953) Leridon andWilson andLarsen
Age (1950) (England) (Norway) (1977) (1985) (1986)

20 4 3.5 3.5 3  4
25 6 6 5 6 6 7
30 10 11 8 10 11 12
35 17 19 13 17 16 22
40 37 33 24 29 24 46
45 75 58 50 50 58

NOTES:TheestimatesforMenkenandLarsen(1986)areaveragedacrossthesevenstudiedpopulations,with
interpolationtoobtainestimatesatexactages.Allestimatesareobtainedfromnaturalfertilitypopulationsor
pre-transitionpopulations,withtheexceptionofMenkenandLarsen(1986),whichisbasedontwentieth-cen-
turypopulations.
SOURCE:AdaptedfromLeridon(2005).

ascomparedto0.5percentin1996.ARTuse,however,differssubstantially
acrosscountries.InDenmark,whereARTtreatmentsaregenerallycovered
bypublichealthinsurance,morethan4.2percentofchildrenduring2002–04
werebornafterassistedreproduction.In2002,thecontributionofARTto
overallfertilitywasachievedusing11,311cycles,orabout9cyclesperthou-
sandwomenaged15–49years(AndersenandErb2006).Inadditiontothese
ARTcycles,9,526inseminationcycleswereperformedduring2002,resulting
inatotalof17ARTandinseminationcyclesperthousandDanishwomen
aged15–49years.ThisrepresentsthehighestARTuseinEurope.Counting
alsoforeignadoptionsandchildrenconceivedthroughinsemination,more
than7percentofDanishchildrenbornin2002werenot“naturallycon-
ceived”(AndersenandErb2006).

Severalreasonshavebeenadvancedtoexplainthedeclineinfecund-
abilitywithawoman’sage(e.g.,seeGougeon2005).Thevariabilityofthe
lengthofmenstrualcyclesincreaseswithage;thismakesitmoredifficultfor
acoupletoachieveconception,anditmaybeasignofpredispositiontofetal
problems(BillariandRosina2001;Spiraetal.1993).Thedifficultyofpredict-
ingthispatterncouldexplainsomeofthehighfemalesterilityandinfecun-
dityatolderages(RahmanandMenken1993).Inaddition,sexualactivity
generallydeclinesbothwithageandwiththelengthofagivenunion(Brewis
andMeyer2005;Weinsteinetal.1993).Untilrecently,however,ithasnot
beenpossibletodistinguishtheeffectofthischanginglevelofsexualactiv-
ityfromtheeffectofageonfecundity.ColomboandMasarotto(2000)have
overcomethislimitationthroughthecombinationofappropriatemenstrual
andintercoursediarydatathatallowstheinferenceofdailyfecundability(see
alsoRizzietal.2005).Usingsuchdata,Dunsonetal.(2002)havealsoshown
thatwomen’sfecundabilitybeginstodeclineinthelate20s,withsubstantial
decreasesbythelate30s.
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Astudyofnaturalfertilitypopulationsshowedthatdecliningfecundity
withmaternalageisprimarilyaresultofagingattheleveloftheovaries
(O’Connor etal.1998). In the peri-menopausal years, which are of key
interestwhenlookingatthepossibilitiesofpostponingchildbearing,declin-
ing fecundity is a functionofbothdeclining fecundability and increasing
riskoffetalloss(Wilcoxetal.1988),muchofwhichisduetochromosomal
abnormalities. Inaddition,Andersenetal.(2000) found ina longitudinal
population-basedregisterstudyinDenmarkthatmaternalageatconcep-
tionisastrongandindependentriskfactorforfetaldeath,irrespectiveof
reproductive history, and they concluded that the chances of successful
pregnanciesinwomenaged40andoverarepoor.Nevertheless,thereisalso
someevidencethattheobstaclestolatefertilityarediminishingeveninthe
absenceoffertilitytreatments.InaCanadianmedicaldatabaseembracingthe
period1961–93,forinstance,fetaldeathratessubstantiallydecreasedover
time,althoughtheyremainedsignificantlyhigherforwomenaged40and
over(Frettsetal.1995).Leridon’s(2005)estimatesofinfertilitybyagealso
indicatethatmorewomenthanpreviouslythoughtmaybeabletoconceive
atagesbetween30and45years,asmanyas83percentatage40,butthat
manywomenatadvancedchildbearingageswillnotbeabletohavealive
birthbecauseofmiscarriageprobabilitiesreaching20percentatage37,30
percentatage44,and40percentatage48.WithARTusingthewoman’s
ownembryos,thepercentoflivebirthspercyclealsodeclinessteeplywith
age,startinginthemid-30satabout40percentandfallingbelow5percent
forwomenintheearly40s.Incontrast,thehighsuccessratewithARTusing
eggdonation,whichisaround40–50percentwithoutamarkedagedecline
untilthemid-40s,indicatesthatpooreggqualityistheprimarybarrierto
pregnancyinolderwomen(CDC2005).Inadditiontoreducedfecundity,
women aged 40 and over also face substantially higher risks of adverse
health outcomes during pregnancy compared to younger women (Dolk
etal.2005;Gourbin2005;Jollyetal.2000;ZiadehandYahaya2001);and
forwomenaged45andover,Dildyetal.(1996)foundahigherincidenceof
pre-gestationalandgestationalcomplications.

Whilethedeclineoffecundabilitywithageasafunctionoftheageof
themalepartnerislesswidelydocumented,thereisevidenceofasignificant
declineby the late30sof themale (e.g.,delaRochebrochardandThon-
neau2005),potentiallyreinforcedbyaseculartrendtowardreducedsperm
quality(Slamaetal.2004;Swan2000).Thisfindingisconsistentwiththe
high demand for ICSI treatment among couples seeking ART—about 30
percentofallinvitrocyclesinDenmarkandabout56percentintheUnited
StatesareICSI(AndersenandErb2006;CDC2005)—indicativeofthesignifi-
cantnumberofcoupleswithmaleinfertility,causedinmostcasesbytesticular
failureandpoorsemenquality.Jørgensenetal.(2006)havealsoestimated
thatasmanyas30percentofyoungDanishmenhavesemenqualityinthe
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subfertilerange,andmorethan10percentintheinfertilerange—consistent
withsimilarestimatesfortheUnitedStates(Acacioetal.2000).Childrenof
oldermenwhoaremorelikelytobeaffectedbypoorsemenqualityhave
anincreasedriskofschizophreniaandnewmutationautosomaldominant
disorders(Thacker2004).Thereisalsomountingevidencethatchanginglife-
stylesandenvironmentalexposuretochemicalsubstances(e.g.,toendocrine
disrupters)arebehindthetrendsinoccurrenceofmalereproductivehealth
problems,includingtesticularcancer,undescendedtestis,andpoorsemen
quality(AndersenandErb2006).

Inconclusion,ourreviewoftheliteratureonphysiologicalfactorsaffect-
inglatefertilityrevealssubstantialuncertaintyaboutthefeasibilityofwide-
spreadandreliablechildbearingaboveage35yearsforwomen,especially
forfirstbirths.Anexampleisthefollowingsummarystatement(directedto
women)bytheAmericanSocietyforReproductiveMedicine(2003):“Your
fertilitynaturallydeclinesasyougetolder.Whenthisdeclinebegins,how-
ever,andtherateatwhichitprogressesvarywidelyinwomen.Generally,
fertilitybeginstodropinyourlate20sorearly30sandfallsmorerapidlyafter
theageof35.”Invitrofertilization,intrauterineinsemination,andoocyte
donationmaypartiallyovercomeage-relateddeclinesinfecundity.Inoneof
thefewavailablestudies,Leridon(2004)evaluatestheprobabilityofchildless
womenbecomingmothersasafunctionoftheageattheonsetoftheattempt
toconceive.Leridon’ssimulationmodelshowsthatoutof100womenstart-
ingtobecomepregnantatage30,91womenwillhaveachildwithoutART,
3willhaveachildusingART,and6willremainchildless.Ifthestartingage
is40,57womenwillhaveachildwithoutART,7womenwilldosowith
ART,and36womenwillremainchildless.Hence,iftheattempttobecome
pregnantbeginsatage40,ARTwillincreasetheprobabilityofasuccessful
pregnancybyamere7percentagepoints,or,putanotherway,ARTreduces
thenumberofwomenwhoremaininvoluntarilychildlessfrom43to36out
of100whoseattempttobecomepregnantstartsatage40.Leridon(2004)
thusgivesatwo-foldrecommendation:“Themessageforawomanaged<35
yearstryingtoconceiveis:bepatient.…Themessageforwomenaged>35
yearsis:beimpatient.Thechancesofarapidspontaneousconceptionare
stillsignificant,butincaseoffailure,ARTwillnotfullycompensateforthe
years(andthechancesofconceiving)lost.”Consistentwiththesefindings,
Bewleyetal.’s(2005)reviewconcludesthat“[w]omenwantto‘haveitall,’
butbiology isunchanged;deferringdefiesnatureandrisksheartbreak. If
womenwantroomformanoeuvre[withrespecttofertility]theyareunwise
towaittilltheir30s.”

Despite skepticalandcautiousperspectives in themedical literature,
Beetsetal.(1994)arguethattheinformationavailabletowomenmaynotbe
sufficienttomakethemawareoftheuncertaintiesassociatedwithplansfor
childbearingafterage35.Theinsufficiencyofinformationaboutthefeasibility
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ofchildbearingatadvancedageswasthethemeofaNewsweekcoverstory,
“Thetruthaboutfertility:Don’tbelievethehype—evenfertilityspecialists
sayyoungerisbetter”(27August2001).6Moreover,inBewleyetal.’s(2005)
view,theavailabilityofinvitrofertilizationmay“lull”womenintowaiting
forasuitablepartner,concentratingontheircareers,andachievingsecurity
andacomfortablelivingstandard,notrecognizingthatIVFisexpensiveand
pronetohighfailurerates.InIVFwithnon-donoreggs,byfarthemostcom-
monprocedure,thefailureratepercycletoresultinalivebirthismorethan
60percentforwomenyoungerthanage35andincreasestomorethan85
percentforwomenintheirearly40s(CDC2005).

Information campaigns and technological progress in reproductive
science may improve women’s ability to predict the change in fecundity
withage.Forinstance,arecentstudyreportsthatatechniquethatusesa
mathematicalmodelandtransvaginalsonographyhasbeenshowntopredict
ovarianreserve,andthusthereproductiveagethatmarksthedistanceofa
womanfrommenopause.Thestudyconcludesthat“Theabilitytomakea
directassessmentofovarianreservewouldbeofenormousbenefittowomen
whoarebeingconsideredforassistedreproductivetechnologies,…andfor
womenwhoareconsideringdelayingstartingafamilyforpersonalorprofes-
sionalreasons”(WallaceandKelsey2004).

Approachingthelimit:Trendsinlateand
verylatefertilityinSweden

Weusehigh-qualitydatafromSwedentoassessrecenttrendsinlateandvery
latefertility.ThedataforourcalculationsarefromtheSwedishpopulation-
registersystem,whichcoversthewholepopulationofthecountryandall
vitalevents.Weusetwotypesofdata.First,ouranalysisoflong-termtrends
inlateandverylatefertilityandthelatestagesofgivingbirthreliesonaccu-
rateregistrationofbirthsbyageofthemotherstartinginthelatenineteenth
century.Alimitationofthebirthregisteristhat,until1954,thedataareon
deliveriesratherthanbirths.Concerninglong-termtrends,however,thisis
aminorlimitationasisdemonstratedbythefactthatnoclearbreakinthe
timeseriesisdiscerniblearound1954.Second,forouranalysisoffirstbirths
aboveage40,weuseoccurrence-exposureratesbasedonthenumberoffirst
birthsandonthenumberofchildlesswomen,whichareavailableforcohorts
bornfrom1925onwardandforperiodssince1970.Theoccurrence-exposure
ratesarederivedfromlongitudinalinformationonthedatesofeachrecorded
birthofeverywomaninSweden(seealsoAndersson1999;Anderssonand
Guiping2001).

Figure1(a)graphsthenumberofbirthstomothersaged40andover
during1900–2005.Thetwolinesrepresenttheabsolutenumberofbirths
(scaleontheleftverticalaxis)andthepercentageofbirthstomothersaged
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FIGURE1LateandverylatefertilityinSweden:Numberofbirths
andbirthsasapercentoftotalbirths,1900–2005

NOTE:Datauntil1954pertaintodeliveries,andfrom1955onwardtolivebirths.
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40+yearsamongallbirths(scaleontherightverticalaxis).Birthsatadvanced
ages (40 years and above) declined from the beginning of the twentieth
centuryuntiltheendofthe1970s,inbothabsoluteandrelativeterms.This
trendmirrorsthepatternseeninTable1forSwedenandotherdeveloped
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countries.Attheendofthe1970s,however,thesharpdecreaseintheabso-
lutenumberofbirthsandinthepercentageofbirthstomothersaged40and
overstops,followedbyarelativelyslowupwardtrendthroughtheendof
thetimeseriesin2005.Thehighestnumberofbirthstomothersaged40and
over,whichoccursatthebeginningofthetimeseriesin1900,is16,125births,
or11.6percentofallbirthsoccurringduringtheyear1900.Theminimum
isreachedin1977,with823births,or0.9percentoftotalbirthsoccurring
inthecalendaryear1977.In2005,thefigureisupto3,420births,or3.4
percentoftotalbirths.

Asimilarpatterncanbeobservedforverylatebirths,thosetomothers
aged45andover(Figure1b).Thelong-termdownwardtrendstartsfroma
maximumof1,716births(1.2percentoftotalbirths)in1901,reachesthe
minimumof31births(0.03percentoftotalbirths)in1980,andbeginsaslow
upwardtrend,reaching149births(0.15percentoftotalbirths)in2005.The
shareofbirthstowomenaged45andaboveamongallbirthstowomenaged
40andoveralsodeclinedduring1900–80,andstabilized—orevenincreased
slightly—inrecentyears.Atthebeginningofthetwentiethcentury,births
tomothersaged45andoverwerearound10percentofallbirthstomothers
aged40andover;thisfiguredeclinedtoabout3–4percentattheendofthe
observationperiod.

Whilechildbearingatages40+and45+currentlyremainsfarbelowthe
levelsobservedearlierinthetwentiethcenturyandpriortothedemographic
transition,extremecasesofmother’sadvancedageatbirthhaveoccurredin-
creasinglyinrecentyears.Figure2showsthehighestagesatbirthineachyear
duringthetwentiethcenturyinSweden.Whilethepopulation-levelstudy
oftrendsinextremeageshasreceivedconsiderableattentioninresearchon
mortality(e.g.,Wilmothetal.2000;WilmothandLundström1996),thishas
notbeenthecasewithfertility,perhapsforreasonsofdataquality.Thedots
inFigure2representthehighestageatbirthinanygivencalendaryear,and
thelinedepictsafive-yearmovingaveragethatbetterrepresentstrends.The
figurerevealsthattheextremeageatbirthinSwedenhasbeenstablearound
theageof51fromtheendofthenineteenthcenturytotheperiodpreceding
WorldWarII.Subsequentlythisextremeagedeclined,reachingatroughin
thelate1970s.Thisdeclinealsocorrespondstothedeclineintheabsolute
andrelativenumberofbirthstowomenaged40+or45+years.Beginningin
the1980s,thistrendreversed,andtheoscillationaroundage51—whichwas
characteristicofthefirstpartofthetwentiethcentury—wasrestored.There
issomeindicationthattheextremeageatbirthhasbeenincreasingsince
the1990s,particularlyduringthemostrecentyears.Forinstance,theoldest
Swedishwomangivingbirthduringthetwentiethcenturywasrecordedin
1993atage57,withanothereventofthesamekindoccurringin2003.The
oldestwomangivingbirthwas53yearsorolderinsevenyearsduringthe
20-yearperiodfrom1986to2005.Incontrast,anageatbirthof53yearsor
olderwasattainedonlytwiceinthe95yearsofourtimeseriespriorto1986.
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Thistrendtowardnewrecordsinextremeagesatgivingbirthoccursinacon-
textofahistoricallyrelativelysmallnumberofbirthstowomenaged40+or
45+years.If“chanceoccurrences”ofextremeagesatbirthweretheprimary
mechanismunderlyingthepatternsinFigure2,wewouldexpectextremes
tobeconcentratedinperiodswiththehighestnumberofbirthsaboveage40,
thatis,earlyinthetwentiethcenturyratherthanattheend.

Despitemediaclaimsthatfertilitypostponementispushingthelimit
oflatechildbearing,thefractionofbirthsaboveage45amongallbirthsto
womenaged40+yearshasdeclinedsubstantiallyfromitspeakearlyinthe
twentiethcentury,andithasnotincreasedmarkedlysincethe1980s.This
constantcontributionofbirthsafterage45tofertilityatage40andabove
reflectsthefactthatthelasttwodecadesofthetwentiethcenturywitnessed
anincreaseinchildbearingatadvancedages(40+years)andatveryadvanced
ages(45+years)inapproximatelyequalproportion.Atthesametime,the
absolutenumberofbirthstowomenaged40+or45+,aswellasthecontri-
butionofthesebirthstooverallfertility,iscurrentlyfarbelowthelevelsob-
servedinthefirst60yearsofthetwentiethcentury.Theabsoluteandrelative
contributionofchildbearingatadvancedandveryadvancedagestherefore
remainslowincontemporarySwedencomparedtohistorical levels,even
asamarkedpostponementoffertilitysincethe1970shasresultedinacur-
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rentmeanageatfirstbirthofalmost29years.Inaddition,theexamination
ofextremeageatbirthduringthetwentiethcenturyindicatesabreakpoint
around1980whenthetrendtowardyoungerextremeagesatbirth,which
prevailedsincethe1930s,reversed.Inthe1980sand1990saverageextreme
ageatbirthmovedaboveage51.Moreover,extremeagesatoraboveage
53havebecomeincreasinglycommon.Undoubtedly,thistrendisconnected
withtherecentprogressinreproductivetechnologiesthathasaccelerated
andproliferatedsincethe1980s(Socialstyrelsen1998).

Fortheperiod1971–2002,ouranalysisoflatefertilityinSwedencan
additionallyutilizeoccurrence-exposurefertilityratesforfirstchildren,that
is, rates that relatefirst births to thenumberof childlesswomen.7 These
rates,whichgivethenumberoffirstbirthsperthousandperson-yearslived
bychildlesswomen,havetheadvantageofbeingunaffectedbychangesin
thenumberofwomenatdifferentparitiesatadvancedages.Thisisimpor-
tantsincethepopulationparitydistributionvarieswithdifferentialfertility
behaviorofcohorts.Thefirst-birthoccurrence-exposurerates forwomen
aged40–48during1971–2002inSwedenareshowninFigure3.Therates
areplottedonalogarithmicscaletoaccommodatethesubstantialvariation
inlevel,rangingfrombelow1firstbirthperthousandperson-years lived
bychildlesswomenatages46–48tomorethan25firstbirthsperthousand
person-yearslivedbychildlesswomenatage40.Aboveage45theratesalso
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reflectsubstantialyear-to-yearvariation.Inseveralyearstherearenofirst
birthsattheseadvancedchildbearingages,hencethelinesinFigure3are
discontinuousfortheseyears.

Figure3revealsaslightplateauinthefirst-birthratesatages40and
olderduringthe1970s,followedbyaclearupwardtrend.Becauseouranalysis
isbasedonoccurrence-exposurerates,thistrendreflectsanincreasedpropen-
sityofchildlesswomenatadvancedchildbearingagestogivebirth.Thereare,
however,importantdifferencesacrossages.Atages40–41years,first-birth
rateshavemorethandoubledduring1971–2000;atages43–44,fertilityrates
doubled.Aboveage45,however,thedataarenoisyatverylowlevels(mostly
below1birthperthousandperson-yearslivedbychildlesswomen),andthere
isnodiscernibletrendtowardanincreaseintheserates.Despitethesubstantial
delayofchildbearingduringtheobservationperiod,childlesswomenabove
age45didnotexperienceanincreasedpropensitytohavechildren,andfirst-
birthratesatage45andoverhaveremainedatverylowlevels.

Despiteincreasingfertilityratesforwomenintheirearly40s,however,
theprobabilityofachildlesswomanexperiencingafirstbirthatadvanced
agesremainsrelativelysmall.In2002,theprobabilitythata40-year-oldchild-
lesswomanwilleverhaveachildis7.48percent,comparedto3.26percent
in1970.Thatis,basedonthe2002rates,onein13childlesswomenatage
40willeventuallyenterparenthood,ascomparedtoonein30in1970.Much
ofthisincreaseintheprobabilityofenteringparenthoodafterage40—more
than80percent—isduetotheincreaseinfertilityratesatages40–41.Fora
45-year-oldchildlesswomantheprobabilityofeventuallyhavingachildis
farlowerthanatage40,at0.23percentbasedonthe2002rates(orlessthan
onein400)ascomparedto0.17percentbasedonthe1970fertilityrates.
Thelackofamajorchangeinfirst-birthprobabilitiesatveryadvancedages,
despite the substantialoverallpostponementof fertility,has twosources:
(1)somewomenwhoarechildlessatagesabove45havechosentoremain
permanentlychildless;and(2)forthosewhohavenot,theabilitytohave
achildatveryadvancedagesremainsverysmall,despiterecentprogressin
reproductivetechnologies,becauseofthelowprobabilitiesofconceptionand
successfulpregnancyattheseages.Whileourdatacannotdisentanglethese
twofactors,itisapparentfromouranalysisthatthepostponementoffertility
inthelastthreedecadeshasnotresultedinanincreaseinthefertilityrates
ofchildlesswomenatveryadvancedreproductiveages.

Summaryanddiscussion

Understandingtheagepatternsoffecundityandtheagelimitstosuccessful
pregnanciesisessentialforansweringsuchquestionsas“Howlatecanyou
wait?”(Menken1985).Theinformationprovidesaguidelineforindividu-
als’andcouples’lifecoursedecisionmakingaboutthetimingoffertilityand
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relatedbehaviors.Atthemacrolevel,analysisoftrendsindelayedfertility
arecrucialinassessingwhetherdeclinesinthepaceoffertilitypostponement
andassociatedreductionsintempodistortionsarelikelytoleadtoincreases
inperiodfertilitylevelsinlow-andlowest-low-fertilitycountrieswithlate
patterns of childbearing (Bongaarts2002;Bongaarts and Feeney1998).
Knowledge about the long-term trends in late fertility, the propensity to
havechildrenatveryadvancedages,andthepotentialeffectofnewassisted
reproductivetechnologiesontheabilitytopushtheagelimitofchildbearing
toincreasinglylaterstagesofthelifecourseisinsufficient.

Inthisarticlewefocusedonwhatwedefinedaslatefertility(i.e.,fertil-
ityatage40orabove)andverylatefertility(i.e.,fertilityatage45orabove).
Whileincreasesinlateandverylatefertilityhavebeenwidespreadamong
developedcountries,ourreviewofphysiologicalfactorsrelatedtolatefertility
indicatesbiologicalconstraintsonchildbearingatadvancedages—eveninthe
presenceofassistedreproductivetechnologies.Thereisalsosubstantialhet-
erogeneityacrossdevelopedcountriesinthecontributionoflatechildbearing
tooverallfertilityandintheuseofassistedreproductivetechnologies.

OurempiricalanalysisofSwedishdatashowsthatsincethe1980sthe
numbersofbirthstowomenaged40+yearsand45+yearshavebeenrising.
However,fertilityatages45+stillconstitutesonlyaminusculefractionof
overallbirthsin2005,andthecontributionoflateandverylatefertilityis
currentlyfarbelowthelevelsobservedinthetwentiethcenturyuntilabout
1960. Recent increases in the propensity to become a first-time mother
aroundage40+havebeensubstantial,whileatages45+thistrendhasbeen
modest.Nevertheless,theupperagelimitofhavingchildrenischanging.We
studiedexceptionalcasesoflatefertilitybyfocusingonannualextremeages
atbirth.Ouranalysisindicatesthatthetendencytowardyoungerextreme
agesatbirthreversedaround1980.Beforethe1980s,thedeclineintheex-
tremeageatbirthwaslinkedtothehistoricaldecreaseinfamilysize.Sincethe
1980s,theupperagelimitoffertilityhasbeenpushedtowardnewextremes,
verylikelyasalikelyresultoftheadvancesinreproductivetechnology.We
speculatethattheupperlimitwillbeextendedasreproductivetechnology
furtheradvancesanditsusebecomesmorewidespread.

Notes
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tothisarticle.Partofthisresearchhasbeen
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graphicResearch.

1 Accessed4October2006.

2 Accessed4October2006.

3 For instance, see Kohler and Ortega
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compositional influences on period fertility
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4 Own calculations based on Martin
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stat.cec.eu.int»,accessed15February2007).
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sisted reproductive technologies (ART) that
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