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Estimates of the upper limits to human longevity have
important policy implications thar directly allect forccasts
of life expectancy, active life expectar wy, popnlation aging,
and social and medical programs tied to the size and
health status of the elderly population, In the past,
mvestigators have based speculations abour the upper
limits of human longevity on ohservations ol past trends
m mortality, Here the estimate of the upper bound s
based on hypothesized reductions in current mortality
rates necessary o achieve a hife expectancy at birth from
RO to 120 vears and an expectation of life ar age 50 from
3o 7O years, With the use of conditional probabilities
of death from complete life tables for the United States,
reductions in mortality required to achicve extreme lon-
gevity (that is, B0 to 120 vears) were compared with thise
resulting from hypothetical cures for all cardiovaseular
discases, ischemic heart disease, diabetes, and cancer,
Results indicate that in order for life expectancy at birth
Lo increase from present levels to what has been referred
to as the average biological limir to life (age 85), mortality
rates from all causes of death would need ro decline at ail
ages by 55%, and at ages 50 and over by 60%. Given that
hypothetical cures for major degeneranive discases would
reduce overall mortality by 75%, it seems highly unlikely
that life expectancy at birth will exceed the age of 85,

INCE THE MID-191H CENTURY THE ITUMAN POPLULATION HAS
eaperienced ome of the most important and dramatic changes
it the histery of the species— 2 near doubling of the expeces
tion of fife ar hirth from 40 10 near 80 veass (1), Most of the
martality declines and inereases in life capectan oy thiat aocurred early
s Lhs century were o resulr of rapadly declining neonagal. infane, and
maternal morraliny. Today, mortality rares in vounger aned middic
age groups are su low in the United Swares thar the oo
elimuation of morealine before the apeof 50 (about 124% of all
dearhs) would increase hte exprctaney ac birth by onlr 3.5y
Thus, the potential for additional increases n longevioe rehes on
progress in dealing with the diseases of the elderly
While there has ulways heen a segment of the human population
thal survived to older ages, from ancient times wnil this cenmiry
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Hlavang roade such rapid advaices o dhe exrension of il it
tae Lest LM vears, researchery are now hegiing o ask why rhis
recenil tausieion momoreality took phace; homy long e can continme,
ared whae tactons mighe conenhure oo futuee gains i [ cxpecringy

B¢ Those are crucial policy questions because ey auldress osei-
mares ab the seee, proportional distoibocion, and healrh stacos of thie
chlerly populanon in the furuee;

A velated tssue of cnneal wriprortance s wherher tuether decline jo
morealry would lead o an inereased actve lilk CHPLCTANCY Or an
expandad pertind ot oty and dependency. Ulnless aetve |ife
expocrancy s nnproved fram present levels, the combmanon ol
population amng, a larger than prediceed eldecly prpulation, and
passible shifts in che distribution of il condimions g the
cldesesald would luve an enormians advérse HERSICE L0 JLove mime
runded programs such s Social Securiny and Medicare, Many
mrerdssaiplinary studies are correncly addressed o chis issoe (7 12,

I this amele we exannng the merhods that have been used o
estimiate Lhe upper limits 1o human loeggzevioy and derermine precise-
Iy whar age-specilic inertalicy declines would be required ro achiewe
specilied fife expectancy targets, Insighes pained from presiing the
secand line ol inguiry should help clanity issues concerning actne lite
CxprelzanCy:

Terminology

Since research on human aging and longeviny is an mterdisciplin:
ary cffors, the terns used o desenibe these phenomena {for cxample,
life espeimancy, actve lite erpectancy, lifc-span, average life-span,
maxtemim life-span potenrial) are often used mterchangeahly (61 To
avoid problems of definition, the erms we use are defined as
Fallows: 1) “life expecrance™ is the average number of years of life
remaimng fora population of individuals, all of age x, and all subjeer
tor the mmander of their lives w the obscrved age-specific deach
rares corresponding o a current lite table. This s referred o
demugraphy as “period life expecrancy”’ because it is based on e
risks of mwrtalicy thar are presene during 2 single ome period (2.5,
Although life expectancy may be caloulated for any wee, 1018 mose
often presented as Itfe expectaney at birth, However, when the
cancem s mainly wirh older ages, the expectation of life ar some
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muiddle age Csuch as age S5 1803 fu moce osefal indes (i At
life experrancy at age »" is the average number of vesrs of life
rensuning in an independent state (free from significant disabilicy
for & population of individoals. all o age o mnd all wubject for-the
remainder of thiar Iives Lo e observed ai_'l:c-il\{"\'”:“_' sk s of disali]

ey (i) “Life-span” 1< the geneticall endowed limir ro b for a
single individual i free ol all exoprenons nsk factors. T s o pussible
o actually observe or estinate e hfe-span of an individual
Therebore, lilespan iy 3 theareteal comstiuct prmanly used o
estimate the theoretical upper lamits o fe and contras prevailing
martality conditons fas measired by period life espectaney wath
Uhesse that are theoretically achicvahle i "Average lile span™ i the
average of individoal hte-spans fora given birth cohorr Because life

span teters woondiiduals oo heterogoieous population. i
dapproprane tisuse the oo “lifir-span” four am entire population. In
Faet, the lifispans for a given farth cohort could ranpe from | day of

[ cov e 120 vears, Thos, the averape hbe span ol a PUpuianom s
alac a theswrerieal constrier Ui can be estimared (046 180 bt 1t
measired dicccthe, oo Y ertied evgest Tred mdnadual™ woa
mweinber of 3 piven specics whowe mavimnm ength o life las been
obhwerved wd verificd. Al wiph thes tee e 3 masmmm o
e hr foweverny anember of the popalato, it is ore apprpnae
1o wonsnder rhg Age s a stanstical cather prven a heteropdnvous
desrerbaition of ndmadual e spans. T e weromtolop reoamre,
the verilied apge of the Jonpest lved indsdual LSRN  an
aperational delimimam of the macamm lifespran potenral (AM1S1Y
lor o species {1 )

Torgive visual meaning 1o diese terms, dars for the United States
wopresented o Flge Lo aesy, noee tha lile eapectamy’ ar barrh has
increaseed from A7 wvews i 1900 e abone Th voars o 19ER
Presenting he dasembomon of deaths (o ly porhenieal cohorrs (o
LGN personss) with thie elsserved mortalite visks for the wo rim,
periodds 38 a2 ample wan o deseribe why 3 rapid incecase  life
[ E AT s occurred. The Q00 cume tlustraces thar (0 s
widder L2 of every 100 Jenile habies barn 1 rhar vewr died betore
e el birthdav, () there was precunced mnerease monwarrad
aongs warnen during thede sepreducnive vears, and i) the suna-
vors of high intant, child, aid marermal mermalin tended 10 dic
Between e dges of S0 mvd Bk The dashed Hoe ilosreares thar for
lemmales: boen o 1985, (e vast majortty of then deatls will be
concentrated  beraeen the ages of 70 and M. The ditferences
berweon these two curves s a clear Wluscratone of e j:1_|,j-."'!':';ji!':q.'
Lensiiion thar rowk place dunng this cemrury- Thar 150 deats from
infeetious and parasivic diseases were vapidlv. replaced by dearhs
[ruin cheonie degenerative discases.

I wee assume an He-vear aver age Hife-span tor women, the tact tha
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Fig. 1. Obwerved wod theorencal distributinn of e able deachs for fomales
i the Uinited Seares, 1900 apd 1983
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the modal age ar death s near 83 suggests thar the npper liniic w
fongeviny by already been approached and duat further slmificant
declines i morcality are andikely (14, 150 F true, the currenc
disttibution of dearhs tor U5 females (dashed line, g 1,
approvimates the werual distriburion tor indeviduals experiencing
tiear genenically endowed limil w life, Thus, the 78-year average age
ar-ddeath lor this hvporherical eohiore copresenty un estimare of rhe
average hitesspan for the population. If, however, average life-span
was closer o 100 vears with a sumilar seatter of individual life-spans
wbour the muode (73, 19, 205, rhe disribiation ol deads would ook
nere fike the darrod line FIH L.

As of T990. the oldest vertivd age that an indivadual has survived
e owver |20 years. Cases of such exrreme Inngevity are expeied
ke LONTIHES decades as the st 151 1al '|1'|'|':|;~_.;1]1|'|-ir:~.- i an onther
surviving past the gverpe [c-pan increases witl Larper cohormy
surviving o older ages. Note, lwsvever, thar claims of exlocnie
lotrygeviey (e l..!_\.,1rT!1‘|~'..‘. buevond the age ol 1200 (or some subygrens
of the populstion fave been shown o be False (20 201 Evidence
suggesty a temdency bor age exaggenition i societies where (RN
of advanced age are shown inereased deference

Estimating the Upper Limits to Human
Longevity

ST o ACTCETIrS Bave Deen eonacde 1o extirmane the Average lile SR
or the benan populanon. Wich che use of o carularive suevival
disenbunan. ane method operanonally detines the aveeage itk Spl
a5 the age bovond which only 00 1% of e paplinen (ol w sven
coharts has survived (145, Adrhough arbreacy, ths method preris
cluatgee w the eseimate as tew v observed ma wrahey ddaca maoekifies w
vstimated survival disemhuron, Based o observed maorraliey rares
from 1985 the et d [i[li:'.\;.".lll i rhe LS, perpralation as TS vears
rhuded oa dara pubbished by thie Sowial Securin Adhminisreanion

15}

Asecond method 15 based on the canserichion of cuopisiie
mortabity profile made up ot the lowest s canse-speerhe
marzabity rares thae are presencly obsered in developed countries
dutmg a single nme perod (175, With dare from developed
sounrmes wi 1974, the upper lirmies cohuman Like capectaney ar birrh
were estimared tobe F9 vears [or females and 748 years bor males.

In anestler approach, the nnderlving causes o deach obsérved for
the longese lived :;ul:g,rl.aup ot the human peeplation ace partivongd
UL T AN CAFCEOMes SXOECNoUs whuses (Infectious and parasite
diseases, accnlents, homicide, smade). and ciddopenouns canses
mostly cardovascular and cerebrovascular discases and neaplasms).

Atandard life-table methods are used w0 lvpotlisgeally eliminare alf
sapgenots causes ol death (240 Lower bonnds of eodogenous
ty are then derved from the st favorable marealine
obseeved for 2 given country dunng a given e period
- This approach assunwes tiere are lower limirs hevond which
endogenous mortaliny cannor he reduced. Elimnmcing CXOTCIENG
mwrmaliy and using presumed lower threshodds for endogenons
misrtality pesuins in an average life span estimace of 80.3 vears for
females and 73.8 vears for males.
Linwar exerapalanon was wed fna fourth apptoach to extend
recently observed rends in penod lite expectancy at birdhand ar ape
63 for males and females. Since life cxpecrancy at birth cannot
exceed life expecrancy at age 63, the age at which these rwe trend
lines comverged way thoughr oo represent an estinate of thye AVCrage
life-span far the human population (14:, On rthe hasss of the most
revent mortafity dara for the United Scaces and Japan, the averape
life-span for humans way estimared by rhis method to be between
the ages of 851 and 86 3 ({8),
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I a fitth methed, population level nsk factins istich as smivking
aned symptoms of improper diet Ithe high Blood pressure and serum
chalesroria] levels) ave modulated, and the subseguent chianges thee
factors have on morality rates and life expectancy are yuangitied
(160, It is assumed that popalanon pisk factors weTe pespons
the moralite declines observed m developed nabons n
devades and that these same tactors are likele 1o conmribute to hurnre
declines in mortality, 1 lower bounds for mortalin attrihurable w
risk Factors are sssumed, theoreneal manipulation of thes factons
showbd permir estimmates of the apper Timies to haman lepgeany o i
sbrained. This model addressis a tindamental weakness in the other
approaches which du nol show 3 seryitivite 1o behavaoral ithar i,
persomal halaty changes that may p apel Tife expectancy
biclogical Timars, Prons s “opmmal” Tk factor prifile, i was
suggested that the average Ife-span of the human pupilanion could
he as higghas 992 vears,

Finally, i1 should b noted thar the Ofice of the Actuary ar the
Sacial Security Admimseration has projected what thoy valled
Sadtimte morralimy rave™ 1270 and mone recenthy Culmate rates of

e T

rorwarsl s

rorealmye declie™ (287 Ir was stated that thise projeeted mortaling
sehedules were nor shiea 1o further reductions Bweveand the ianddle
o later parr of the Z1a venmry 12
pepresent i Ollice of The Actuary estimare of the wpper: b
D Jonpevime. Hovwwewer, thes mmcartaliny

"1 1 lenes, thev appearod to

Wiy 10
esnimates are viily one
al three Riregasted componenty of popukanon cliange (myortalin,
forriliny, aod migranont, The three eomponems are combined o
prowide an estimane ol future rrends an wverall populition growcth i
the elderl
of the Awtuarny no

the Uimired States: aned 1o estimare thi '.r-“""ll' ol
population. Wecent publatione I 1l Oithee
lenger seare that projeered mortalite ates are ot subjecr tov further
reductions, Theretore, inferences concerning upper immes 1o longey-
iy based on their appeoach, particubacly
spreies, caor be reasonably oade

Estimanng realistic bounds on potenual longeany the tumire s
the ermminn theme i all thi methods deseribed so | e Bunnids
mental questicn addressed e these srndics 15 “whar-are e s m
mortaliny declines?™ A usetnl alternative 1o asking wlt the effect of
cortan morkality changes would be an longevity,
guestion amed ask, “What mortaling rates woutld be peicssan o
achieve seleced Bile expectancy wrgets™s oy example. whar mortal
i sehedules would be reguired if life expectancy at birth were
Lierween the apes of 80 and 120, il the expecred remaming Years
of lif at age 50 were o nse bemwernn 30 and 7O
Eurthermore, homs would the predicred mermaliey schedules of s
lesnp-lived populatons compare w il current murtaline sehedule

Tdentilyving mwrtalite schedules thar would lead m spectiied levels
of like expecranwy makes 1 pussible m asscss whether ‘the gap
herween ohserved mnealivy and thar required for esrreme Jorgesiy
could plansibly be achicved 1t would also be parculady useful
compare the required morality dectines with thuse thar would extst
if o tatal degenerative discases could be climineed while
holdimg orher rates constant. fin 2 sense, this s 2an cRgincerng
approach because it pormits us Lo define dhie magnimude of the puble
health and medical interventions Tequired 1o adueve specified
micreases in life expectancy,

An alternarwe approach involves the comparative. evaluation of
increascs 0 mortalicy nsks that are observed among scrcssive age
groups. 1L may be shown, for instanec. that the probabiling of dving
doubles abour cvery 8 vears past the age of S {291, Because age:
specific mortality rates in the Umted Sares have been declonng
throughout the age structune since the late 19604 the moralioy risks
of alder ape groups have been shiltedan the dizecton of thow
previously experienced by vounger age groups | 3 !
successive cofor surviving mreolder ages appeass youliger

fiar e entae: huaman

b5 0 reverse the

voars®

In effect, sach
thar i,

G

their risk of death is lower) than previous generations who survived
to the same ages. The question now becomes, “How voung (in
rerms of acquiting the risk of death of younger age gronps] wisld
the population need 1o become in wrder o achieve sperificd
increases in Jongevity?” Aaddirionally, given what i curcently known
about the elfect of changes sk Facrors on mortaliy rates (14, 360},
and thie porenial effects of eliminatng degeneearive diseases o Tife
expectancy |31, st reasonable to expeer rhat tie risk oF deady To
oldler age gooups could be postpanel Lo the exrens regjuieed e
prodaes exrreme longeviny?

Estimating Extremc Cases of Longevity

The primary sourees of dara are complere e tables tor the United
Seares i 1980 and 1985, by sex, published by rhe Office ol the
Actuary at the Social Seounmy Adminstanan (23), The mortalicy
wrhedulos thiat wenld be reguired to preshiee a0 Dle expectancy al
birthy from 80 ro 120 years of age (0 5 vear 1eroiments Daseed v
i }'rl':]'r.l::nn'i.nll.'.ll
redduction i the eondmonal probabihoes of deagh, giv, duoughor

Y85 rares) were estimared Tor twio seenarios: (D)

the eitire Ape strustute, oF

(it a4 proportional reduction 0 gL
redrrictesd o udes S0 and older. The proportioal reduenoms weee
rerated wntd each of mite tangered levels ol extended lile expectancy
At bnrh were achieved. 1 should be aored thae the veduenion g1 thy
was tiot alliwed ro decting below ane-hall ol thar nbserved in 1985
This consteane wits wnposed 1 conlonm wirh the likely bialagacal
ceatiny thae infane and chld mortalitg canaoe be eduved below five
wr siy deathis per L00 lve births 1eshould e empliasized thiar ik
expecraney at bieth is nor Herisilive Do VATHOME LSBT prions alasl
dechning intant mareabiy bevanse 161 alrcady so v,

A constant propurtional reduction in dhe probabilines af deatls
throughout the age srructure cases langer absolure reductions a
sges where mortality rares are high Proportional tedueridns
shirr the larger mormaline rates forther [TELRITE!
alder ages. Borh effeces v gla) valucs are consistent with whar s
enpected (1) When applied 10 plis i g sETALiue, NECESsIrY
ederions i be nnderestimuted beeause the alieady low mortality
rites observed for younger and middle age groups are unlikely oo
deching further. The secemd reduction seenario corrects this poteniial
problem by restricring otalicy reductions o ages 30 and older,
Although not all inclusee, we think thar the morcabiry scenarios
presentedd liere are bialopically plausible.

The complere lite ables puhlished by the Office ol the Acroary
end ar the age of 119 Aoy reductions i marvality will canse larger
segmenits of the papuladon t survive inte the oldest age interval. A
problem then anses becalise assumprions must be made aboul
morralivr rates heyond the oldest abserved age inmerval. Sunvval
swenarios for these hyporherically long-hived individuals: would
miuence projected Tevels of lile expecrancy, thie abselure siee of the
oldest old popuiation, and trends i population morbidiey and
disabniing.

Eor each lite expectaney targer the murtaliey schedules for the
cldery shifred o thuse expertenced by younger age groups. The age
<hifr required o achieve each of the nine life expectancy Targers was
determined for ages 55, 63. 75, %5, and 95, Ar these selected ages,
the gix) values lor each reduction scenario (applied ro ares 50 and
plder) were compared w those absereed Bor vounEer ages n the
1983 populadon, When 2 match with the 1985 schedule was
sdenrified, the ditference in years represents the morrality age st
reyquired o achieve the rarpered inerease n lomgevity o that
speaificed age and reducnion soenar .

Eatinnates af the levels ol life expectaney at burth and L ape 511 rhar
wonld oeenr witht the hyporherival climmarion ol selecred chronic

L F!.Ll{.'l
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degencrative dhseases were armived at by applving a canse-climinanon
life-table method (26) 1o Lhe gin ) valies for the United States in
1985 (published by the {Mhee of the Actuary ), This model relies on
an independence assumption where hypothencally ciminatng one
disease will oy influence the sk of death (romn other discases.
Uwever, i 1% knowwn thar degenerative diseases act mrerdependent-
Iy, T correct this potential problem, 3 broadiy defmed disease
calegory (encompassing nterdependent diseases ) was used foe these
calenlations. Morraling counts published by the sanonal Center fur
Healtly Statistics (425 for the Elamed Seares o 1985 were used o
partiteon cverall mortalicy g the age specibe conrribunons fram
malipmane neoplams [9th Intermanonal Classification of Diseases
(TCDY) 140-239), wehemic heart discase (ICD410-214, discases ot
rhe cirenlarory system (s includes prmanly heam disease and
stroke: 10T 390454, and daberes (10T 2507,

Mortality Reduction Required to Achieve
Extreme Longevity

Extremcly large dechnes o momaliey for e eoine popalaron
wintld b requared for either ses o achieve Iite expeerancies at barth
bretweens §0 and L20 vears (g 23 o example, a life expoectaey ol
B years would require 4 12%  reduction iy overall mortalsy for
fermates, aond o 48% reduction o moralive ar all ages for miles. A lile
exprctancy of 85, rhe averaps Ercaleyreal Tinie [y posthesised by Frcs
i i1y, weonld |-¢_;|"-ir.;_- a ioetality reducnion of 3% for females ad
655 lor miales, Lade expecraney ar luech could reacds 90 vears and
alder cnly ik morealiy res for T985 were tedueed ippronimarcly
F0%%, Al expectany ol 105 wonld reapure reducriens TR
% Althongh e s noe espected cha e gender gapom it
expectaney will be climinated, 100 do
moctalivy recductions for males because they Tave Dighe: momaling
rarcs than females throughout the age stiucmare

Whiet monahivy reductions are resrrcred o the 50-year ind oldes
ape groups, the data (P 20 suggese i only shighely Larger
peoporional reductions are equued ™ prociee the same hife
exprctanaes as those achieved when reductons vere appled o the
entre ape srrucrure. Morality reductions carly i Iife have only 4
sl fmpagt on life cxpectancy at rth because mortality rates at
younger apes are alrcady low.

To put dhe proportional reducnons e perspeenive, onsider the
lwpotherical climmanan af major causes of death i the Unred
Srarck (Fip. 2. Eliminating ol [ors af canicer {22:45% of all deaths

s wonld require lasper
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i e Ulited Stares 0 1985 1 would dowmsse lile capectancy ar bareh
b 307 wears tor ferales and 3.2 veaes for males Elmmating,
shtere heart disease (25 73% ot all deachs m 1985 ) would incredse
lite expecrancy ar birrh by 3.0 years for females and 355 vears For
males, Elmmatmy both diseases togerher seontlel nwerease e eape
tanncy at buvth by oy 7 02 vears for fenmales wind 801 years boe males,
If marsabing areabutable o the combinanion of all crculuory
diseases, diabsetes, wd cancer was climinared (71,34% of all dearhs
i LYBA) ite expectancy at birtdy would wease by JR82 years L
females and 1527 vears lor muales Tewsuld regure about A
peducnion i morraliey fram all caeses o equal the mpace al
chmimanng these thiree o disease caregores

Lile expecrancy ar age ik has already gheewded 30 vears for
temales (lag 30 However, ale inoctaliny rares wirttld need 1o
decline by abowt 35% trom 1985 levels o achiove o 30year
sxpectanon of funire i ar e 300 An werease in rhe expeered
remaning years of life wt age 50 to 35 years pehar is, an average lile
span of 85 vears) would require declines mortalite of 34% for
females and 38% for males rom L985 levels, Plimnaning cancer aod
ichiernic heart discase tagether wonld increase the expected reman-
g years at hife ar age 50 above curtent levels by anly 6.5 years for
femiates and 783 vewrs tor males. Bhmnmating all cieoalaeey diseases,
cancer; and dibetes combined would inerease the expected Temain-
g vears of life ar age 50 above current lewals by 15,3 wears (or
fernabies and 1502 vears tor maless These ineresses dre roughly
equivalent ro 73%: roducnions m mortalite from all cauises of death
(thart is, thetr conmbined conteibunon o all deachs) for e popula-
tion aged 50 and alder in 1985, These guins are simlar 1o those
descrined for life expectancy at birth becanse more than 94% of all
deaths trom these discase proups occur atier the age ot 50 To
achieve a e cxpecrancy of 30 vears atage 5l morrality raes for
either sex would need o decline by abour 85% froun 1985 levels
Fig 3)

Harning major advanees m the developmenr and use ol lifc
extending techiologies or the alreranion of human aging ar rhe
mnlecular lovel, the period of rapid incredses 1n life expectancy it
developed nations las come toan end. This does not ncan that the
size af the oldest ald population will sot continue to merease.
Indecd. even if death rates remain at therr current levels, the swee of
the population aged 65 and older 10 the United States will more
shan dottble by the third decads of the next century, This phenomne-
non, populaton aging, is the resulr of the aging of the lage baby
b ceborts Boen 10 the Unieed States between 1946 and 1964,
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The end of rapid increases in e expecaney does not msan tia
mortalicy rates will necessarily stop declining, as some Bave argmed
i Fy. Addinenal momahey declines thar de cocur, even it conenima:
cd my older dges-as expevted (30, will have o piinimal effect on life
expiectaney ar any age. Thar s, a0 will rake screasingly larmer
reductions in mortaliny e produce equivalent morememal increases
m lite expectancy:. This explains why increases i Iite expecsanay ar
birth and ar ape &5 have rapered off m recont vears among tw
Loogrest lived subyroup of dhe populacon ot Unied Staces swhite
femalesy, even though they mortabty rates conmnne o deching
Therefine, e expecraney ar birth s not an adeguate metne of
mortality declioes when Bile expectancy at birth approaches 5O vears
This parmievlar eelarion Berween chanpes in o momEanin and
capectingy hus beon discussed b

various autlors (38 ¥

Survival Curves

Survival corves Tor females {Fag 410 0 the Umiced States for cach
o the propomonal reduetion seemanos swere compared o the
vlserved survval e By fomaales 1 the Umted Sunes g 1980
s patteros ol el were projeated o males A sl
eurve desenbees the survival expenence of a lvpathoreal cohon 1
LOGr O Ll
prorraliey sl comslonm o that clieerved fon the orher age coliermeoin
it vear,

Mot it thessovival corves becosne progressively more seeran

Loy adurainge o singele vewr, assoanaog thive Lt

pmalar an appearanve as e expecraney ar laerh mercases, Recall,
lswever, that the 1980 survivil curve van only be olser ed 1o the
agze ol 119 Because tais was e age limig o g b valies prostdied b
the Oilice of rhe Acrvary, Bovomd ape 119000y no1 possibie to koo
the shape o the survival cusse,

Weeent evidence idicates that rhe LS populanon b currentls

expiecivning declines i old ape moralite and e sscrcase g
vamance of the average age ar dearh . o subsequent dransson, o
combinarion of rhese swvo phenomenon will be referred o as “the
expansion ol momalie™ (37 380 U othe sk of death s delaved
withour monraline compression, the dechnimg porton of the sun ival

Th

wirsk will bepin ar laer apes bun retain ity dharaciersie shape o
nlder ages. The continued expanson of old age morahnye carrontly
ubserved 3s an indicarion thar the expeaed monalioy cnpression
s et I.'u:nun and mere peaple, theretore, will survve bevond the
apre of &b rhan was presiously thought possible. As 2 resule the
survival curves shown lere ire ,s]:ufunu w the nghn with die
dechning portion of the curve puoving off the graph. Wirke deching
vid age morralin and a grearer number of cenenanans, itowill b
possibibe we the fuare wo more preasely csumae the shape tar ths
regon of the surveeal curve,

Wil clianging life expectaney, the median age at death (dhe age o
which halt of the argingl both cohore wonld survived will also
clrangre dramarically, For example, if life expecuaey inorvased 10 85
yoars, the median age al deatl wondd linerease trom its present level
of 1 my B8 vearsof age, Thus, one half of all femalesborn in the vear
during w hich life vx pectancy i¥ 85, would lve wosee dhelr 33ih
buthday Similache, one halt ot the femades boman 2 vear dusing
which life expeerancy is 100, would live oo see dheir 1044 birtladay.
It life expectancy increased w 110 vears, abour 80% of the ongnal
hirth eohent seoulbd e s see ther 102nd birthday, These exmeme
seenanios ary improbable mven that current (1933 ) mooalioy rates
wonld need to be reduced by approsiimately 3% for the populacon
aged 50 and older o Tive, on average, an additional 50 years.

The age shifts inomertalioy regquired o increase the expected
rrlmlmna years ot lite ar age Sl o Prrwecn ﬂiJ .md 70 years werg
viloulated for lrsth senes at selecied dgew (Fig. 5). For example. o
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a1 .
0 LG feiled
ol kb i} 29
Aga
F'ig &, Dfvered (1980 anid jire necesd survy al aoswes e FUS females

aes 3 and older wirh a lite expecraney at barth from 80 00 LHE v

ncrease male LR espeeraney ar ape Bl b
vers p 30 yeaies),
myertaliey of 3 vears [the risk ab dearh cireently nbserved by Slayenr-

625 vears (From 23075
3 vereold rales woondd peed e age shalio i
vfefst, et anercasean like exprenaney of abone T years wonld reguire
annage shult o D yeaes (e e talicy currendly absecved tor mades
4| yearcob ). leappears thar tove rmades Berween che AgTUsA s 55 il
TR wach vear of hife expectaney ganed regquies i eguivalens shilk i
vears towand the moralioy curvenely expersenced by o voungrer apre

cobtorr. Boyond rhe age of Phosliphrly aepee shifey are regunnsd i Fig,
51 AN expectation ol renuinugg vears ol lile atage STEof 50 years
wintld reqinee the highly improbable seenana of a a5-vear-old nun
eaperienony the moralioy tisk ol o teeiagen, Saoilae relatonsligps
hold for temales

Even though che eisks of dearh have been posgponed in e
Ulinigead States sucly thial successive geierationrs appear mwouger” (in
rerns of thewr poobabilines af dearh) dhan |1r'c'.'mu:4 preneracions. the
dranmne age shit o mertalioy reguared . B ocreases e lile
expecratey beyvond 3 years appear unlikely

Conclusions

hese resnles have important imphearions far the farecasting of
lite expecaney and acive lite expectancy, il the compressian ol
motbidioy hypothesis. Cuwrrent methods for estimanng gans m
fongeviny relv om past trends inoverall or cause-spectfic mormalicy
rates (25, 39), or oo estinstes of e ellecs of improvements in risk
tacrarsar the populanian level | 16 Uhe dara presenred here indicare
thiar life sxpectancy should noc exceed 83 veurs at biethioe 35 years at
age 50 unless maor breakthroughs acour m coneeolhing the funda-
mental rare of aging. To achiove these levels of e expectaney,
mortaliny declings would have o be concenated among the major
faral degenerative diseases for che poapularion aged 50 and alder,
Furthermore, as life expestaney nureases, l.lI-LFL"-i-‘sll'l,_E,]'r' larger vedug
tionis i mottaline will be required eooproduce eguivalent 1nercases in
life expecrancy: These observatons suggest thar die oeasure off
period Lty expectancy becomes 2 less scnsitive metnic of mortaliny
dechnes | parnenlarty when they acour among older age groups) as
life wxpeetancy ar birth approaces 80 vears. [ is oue opinion that
with existing medical technalogy, dechnes in martaline comparable
tr the roral eliminarion of all circulatorny disewses, diabetes, il
cancer combimed is highly inprobable. Even it these diseases wore
ehtrmimared, Hie expectancy at barth for the populacion of the United
States would nor evceed 90 vears. However, woe steongly suspect
that mayar advances in genetie cogmecrng and now life. l:thndn‘.lg
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technelogies are forthenrmng, and these will be fallowed by com
mensurate declines in meralicy and extensions of loageviry

From a policy perspective; it is therelore maponant to dmnge our
tocus fromn che meoic of life cxpectancy o the shsalute number of
peapde whio are expected to survive o older ages i the furure, and
the inurbidine and disabaliy profiles thevwill expenence. The size of
the elderly puopulation hax historcally been underestimared (460, 411,
and progpects for additional mortality dechines ndicate that the siee
ol dus population could grow considerally even bevoind present
expectanions, Forecasts of the size of the elderly popalation depend
critzally on the disrribimon of dearh among thiose who sirvive o
the ages of 85 wind older {thae 15 che slope of the decline phase of the
survival cnevel, and ot s these mumbers that ane POt Lo
extinates of soetal seeunmy owrlavs and healrh care cosrs 1 shonbd be
emphaszed that while dechines 1 old ape mortaliny produce small
mecreases mn life CHPEETANCY, they resitl in nlrrnﬂ:lrnrm I TCRSTS 1l
the expecied siee of 1the elde rl'.. popalation,

Frics ( #1) hyporhesized that mostaling will be cormpressed SRR
A fisedd upper Tt to Iife, However, recenn ovidenee suggests thar
insread of orralits conpstession, tiere = currently an 'I'_'.\'|.'I.'I:h‘-il::l:! T
old e morralice” i the Ulnimed Seares (37, 34
that o adicy CLHTTPITLSEION lias st yet bopun, Recent mormalmy
'i.!"-'l.'J'Il'Il-'ii fiar nilide .'I.Ii_':l' ARERYRES lave 1ot been .:LL:::HP.LJ;H:LE lw 4

Thas 1= an pdication

colncusurate extension of the tal end of the ape dysrobainion or an
werease 1 the age ol the verified letgest lived imdividualy Thas, o
wohd appear thar a baalopieal bt eo lite s operating. At prosent,
there are wsulficient dite available an the survval mrajccroenes of the
eatremc elderhs populanco o improve Bocecasts of the siee of the
centeieiin pepalarion,

A crucial societdl issue arises oy o4 consequetice of continued
expanmsion m old-age martaline. Wil erends in populanen mocdbadin
v disabaliny pescain eostant, follow @ course thar parallels morral
iy, o be pewrponed and compressed agasmst a haed sverpee bife
spane? I the expansion of old age moralny continues, much larger
kepments of the populition will survive bevond the average life-
spon, aged LOTAPIe st il morbidine seems much less ikely. Several
tkncowns exisl, Why ds expansion of old ape meraline ceourring,
when will it stop irhac s, what §s the average |e span ol e
populition, wrd will the suevivors o these alder ages be mare or
less healthy than is the case toduys

Adddressing the fiesr question lskely tey shedd hghr an the lames
rwer (427 If lmpmw:mf:m*- i risk factors for facal L.-;g.:n-:um"
diseases arc responable for the observed declines i old 2ge moral
e, then morbidiey and disabiling mav exhibar commensarane de-

I
i
2
£ Al oy 55
= T
5 “"m%
E ~a. g
= M age BS s sl
ﬁ 20 RO "'\--_\__\_ T
a = o .
m -
=1
#h-
An— | : .
G il 0 1z 13 18 18 20 22

Increase in Iife expectancy ol age 50 for males (years)

Fig. 5. Age shift i mormalioy for U5, males agcd 55 and 95 trom 1985
required o mercase e expectaney at aie 50 to 30 ro T vears
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cliess, These declines” would accor only F mprovements in sk
Factars have the same effect on postponing the onset of morhidity
anid disabilins a5 rhey have on postpoming mortalioe. Tlowever,
wdvanees o medicad treaunent more chan improvemenes in- gk
tacmors, may be allowing elderly persons who are trail and whe sullizc
frony fatal dcgt.n-:,mm disvases ro sarvive longer after the onser af
e dideases than was the case e the past, o this case, agre-specilic
morbidicy and disabiliry rares and rheir duraoon would increase
substantially. o G, even i rates oF morbidiee and disabilicy remain
comsrany, the number of people surviving with conditions Gf frailey
will defimively ierease becanse of the rapid grosweh in the size of the
elderly population resulting feom population aging wod declinig
ubd-age morality

Even with inproved [ifeseeles and health care ar the pnpuhrinn
level, morbidiry compression may oot oceur. The decline in okl age
atertabity sy still be accompanied by fxed or cven mcreasing rares
af markidity and disability, This could vocur i e ".!IH shalinnyr dhisenses
are differene from the mapr cases ot dearh 100 e o their
predposing visk Lactors and basic patholoy, '..:!:_IHRI'.I.III O ITICTeS-
wg rares of morhidire and dbsabtlioy could also oceue 15 the
disteibution of frarln condinions expenenved ae advanead apes shitrs
fram dsease dependenl avses e o dnberenl ad currently
urvendable age-dependene physiologeeal decremenrs

Foes (40 abo hvpothesized dhiae mocbidive wall dechine and
becoame compressed 1o o shorrer dueaton of e belire deatls,
Howeever, unproved ltesevles at vornger ages and medical weehnal-
oy il caneinue o steip away Jethial processes that eomivate lile
carlv. Left behind wall be 3 rapidly prowang elderty populanan thal
Fves longer bt whose addivonmad years of iy be domivared by
nonfaral bur hiehly disabling condstions of fealey Gochas wthieics,
osteopurosly, sensory impairmenes, and Alzheimers disease). Uhere-
fore, o prdent couse of action 1og the medical conmmmnity would
be o »lgur:nhh' sock wavs ro amelorare the dsabnlioe: associared
wirh nontal age dependent conuditions of frailey diac are prevalene
m the aldesr ages (4147, while conting the ettorr to postpone
the viset ol fial degencrative discascs.

A tahire o concentrate on whal appear al tus me @ be
unnuable age-dependenr canses of fradne, conld resulean longer fike
bt worsening lealuli—that s, dx:-.lmlut_r wctive Life expectancy (46—
+1 Conversely, 4 successtul eftorr oo postpone mochidity and
simultaneoush lessen the adverse effters of noafaral bur highly
disabling conditions would result ina reduction in the Ll.l..lIJLIHlI UI
traddty for thae parr of the papulanon thar has aleeady approached s
hrologeal limits; a reduction o mocbidity and disability Tates
among those who expenence long-term nontatal conditions; and an
averall increase in active life EXPUCTANLY,

I sum. we Rave shown thar turcher gains in Hfe expectancy will
occur b these pains will be modest. even i€ major causes of dearh

ivar 18, cancer and heart diséase) ace eliminared. However, it is uoL

clvar whether a longer life implics horrer health, In Faer, we maw be
mading off a luug*.r life for o prolonged pericd of frailoe and
dependency—a condinon char is o potential consequence of succcss
fully redusing or chiminating faral degenerative discases: Cuarrenr
restarch effors by the medical community are focused on profosng-
ing life rather than preserving and improving the qualmy of lde. An
obwious conclusion, therefore, ix tat the tiome las come for a shitt
meward amelioraning the non-tatal diseases of aging
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The Vigiua UpOsIUNI G the cover comes foom a leng lived populaj,mn

on Sapelo Island, Georgiz, that is being used o study mammalian aging. New
ammal models are an impartant part of current gerontalogy research {see news
stomes on page 622 ). Rescarch onaging processes is critieal, becavse even cures for
hearr discase and cancer probably wonld have birtde effecr on overall bfe expectancy
iscc armicle on page 634) | Phoragraph by Dovid Seorr|
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