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Abstract

Criticismsof demographerby otherdemographerbavebecomefrequentin the scientific literature,
generallyconsistingof accusationghat trendsobservedin the recentpasthave beenextrapolated
unjustifiably into the future. Demographersalongwith their colleaguesn the actuarialprofessionare
in an invidious positionin this regard,knowing full well that extrapolationis almostalwaysonly
minimally justifiable but knowing alsothattheir readerscolleaguesandsourcef fundingtendto be
much moreinterestedn the future thanin the past.It is unfortunatethat, while actuariestypically
resolve this dilemma by emphasisingthe limitations of their methodsand thereby lowering
expectationshattheir predictionswill be accuratelhyfulfilled, demographeraremoreproneto respond
combatively,attemptingto reinforcethe credibility of their extrapolationdy recourseto datafrom
areadn which their expertisas lesstested suchasbiology. Thisis valuablein thatit raisesthe profile
of the debateon thelikely rateof scientific progresgelevantto mortality rates,butit alsorunstherisk
of loweringthetechnicalquality of thatdebatepy telling policy-makersandthe public whattheywant
to hearandtherebyentrenchingheir expectationsvithout recourseto the relevantbiological facts.
Extrapolationdhasedon plausiblesequencesf scientificadvancesandthe sociopoliticalresponseso
them,summarisedn this article, haveled to the predictionof four-digit life expectanciesf cohorts
bornin the 21% centuryand possiblyevenin the 20". This predictionhasattractednevitableridicule
from prominentdemographerdyut beingfoundedon scienceand sociologyratherthanon history it
may be much more reliable than the extrapolations that those demographers presently prefer.

Demographers’ love-hate relationship with extrapolation

The publicOnterestin the postponemendf aginganddeathis perhapggreatemow thanever. This is
manifestnot only in an insatiableappetitefor documentarieand news articles on the work of
biogerontologistshut alsoin anintensedemandor predictionof how long thoseof a givenagetoday
are likely to live. The latter topic is the province of the demographer.

Unfortunately, such extrapolationdependson assumptionghat can be very easily challenged.
Demographerdiave nonethelesdelt it necessaryto make thesepredictionsb which have varied
widely"?* B given the aforementionecthirst for them. Especially dangerous,in my view, are
extrapolationgor critiquesof others@xtrapolationsbasedon misuseof biology. The demographer
mostidentified with suchargumentsat presentJayOlshanskyhasauthoredor co-authorech number
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of popularpieces’® oneof which® suggestedariouswaysDmanyof themclearly beyondthe realmof

foreseeablenedicalsciencegvensettingasidetheir aesthetishortcoming®in which the humanbody

might hypotheticallybe Oredesigned® makeit agemoreslowly andthuslive longer.The rhetorical
natureof suchspeculations obviousto anybiologistandwasnot disguisedput yet wasoverlookedoy

somecommentatorsyho treatedthesepublicationsaspresentinga seriousbiologicalargumentor the

immutability of humanaging®’ This error clearly occurredoecauselshanskyis well knownto be on

the pessimisticside of the fenceconcerningthe likely rate of biomedical(and hencedemographic)
progressthis century in postponingaging. It was only to be expected;one may thus question
OlshanskyOpidgementin inviting it. Regardlessthereis thus an urgent needfor projections
concerningfuture lifespansthat are basedon serious,ratherthan rhetorical, scrutiny of plausible
biomedical progress and societyOs response to it.

A plausible timeline for developing and distributing dramatic life
extension therapies

Four life extension milestones

Thefact thatwe havemadeonly modestprogressithertoin slowing aging(insofarasthatcanevenbe
defined) in mammalshasled most gerontologistgo feel that actually reversing mammalianage-
relateddegenerations too ambitiousevento contemplateat this juncture.This hasresultedin the
virtual non-existencef researcton late-onseinterventionso extendmammalianifespan.However,
as| havesetout extensivelyelsewherg™ (seeTable 1), it may by mucheasierto repairthe various
typesof accumulateanolecularandcellulardamagehateventuallygive riseto age-relatedrailty and
diseaseghanto halve the rate of that accumulationwithout unacceptableide-effects particularly
becausesuchrepaircanbe donewithout interveningin the processeby which thedamages laid down
and thus without detailed knowledge of those processes.

Category of lifespan-limiting damage Feasible strategy to repair or obviate it
Cell death without matching replacement | Stem cell therapy, growth factors, exercise
Unwanted (e.g. visceral fat; senescent) cq Cell surface marker-targeted cellular toxins
Oncogenic nuclear [epijmutations Somatic telomere elongation knockout (OWILTQ
Mitochondrial mutations Allotopic expression of 13 mtDNA-coded protein
Extracellular protein/protein cross-links | Phenacyldimethylthiazolium chloride (ALT-711)
Extracellular aggregates (e.g. amyloid) Immune-mediated phagocytosis
Intracellular aggregates (e.g. oxysterols) | Microbe-derived OxenohydrolasesO

Table 1. Strategies for engineered negligible senescence: the Oseven deadly thingsO that accumt
with age as side-effects of metabolism and promising first-generation therapies to reverse or obvia
that accumulation. For details, see refs. 9-11.

This hasled me to identify****threemajor milestonesn the OfuturehistoryQof life extensiorresearch
and implementation:

1) RobustmouserejuvenationRMR): the reproducibletrebling of the remaininglife expectancy
of geneticallyrobustbut wild-type Mus musculus with treatmentsbegunin middle age.
Quantitatively,it meansusing at least50 mice of a strainwith a life expectancyof 3 years,
initiating treatmentat age 2, and obtaininga meanageat deathof five years.The extratwo
years must predominantly be in good health.
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2) RobusthumanrejuvenationRHR): doublingof the remaininglife expectancyf humanswith
treatmentdegunin middleage,i.e. theadditionof roughly 30 yearsto the healthyandtotal life
expectancy of humans who enter treatment in their 50s.

3) Longevity escaperelocity (LEV): the pointwhenimprovementso the comprehensivenessd
safetyof humanlife-extensiontreatmentsare beingmadefasterthan peopleareaging:thatis,
whenthe remainingaveragdifespanof thosewho arereceivingthe latesttherapiesandwho
areof the agethat derivesthe mostbenefitfrom thosetherapiesbeginsto increasewith time
even though they are getting chronologically older.

4) Actuarial escapevelocity (AEV): the point when the mortality rate of somecohortin the
populationunderdiscussion(typically eitherglobal or national)beginsto declineyear-on-year
astheygetolder. Cohortsthathaveexhibiteda mortality rateabove20%in previousyearsare
excluded.Sincethe mortality rateat ageN is roughly 10% greaterthanat ageN-1 for the ages
at which mostpeoplein the developedworld die, this is equivalentto a 10% per yearfall in
age-specifianortality ratesat somerangeof ages,which is a few timesfasterthanthe peak
declines seen in the recent past (for example, infant mortality early in‘te2@iry).

An obviousfeatureof milestoneq1) to (3) is thattheywill be achievedoeforetheyareshownto have
beenachievedMilestonel will bedemonstratednly a few yearsafterthe technologyto implementit
hasbeendevelopedbut the correspondindag for milestone2 will be over half a century.Depending
on oneQesriteria, milestone3 may neverbe demonstratedasthe remaininglife expectancyf thosein a
robuststatewill dependmainly on the unknownfuture rate of progressMilestone4, however,will
becomeknown to havebeenachievedmoreor lessassoonasit is achieved A transientdeclinein a
cohortOmortality ratemay occasionallybe seenin the oldestold today,asa resultof heterogeneityand
small-numbereffects,so AEV mustonly referto cohortswhosemortality rate hasneverrisen high
enoughto be sensitiveto sucheffects;the cutoff of 20% aboveis choserfor this purposeln my view,
the likeliest scenarias that AEV will be seenfirst in acohortof age80-90,who havebenefitedfrom
life-extensiontherapiedor 30-40yearsandwhosemortality rate hastherebypeakedat that currently
seen in the developed world at age 70 or so.

Plausible timeframes for each milestone
The timeframes | have predicted for RMR and RHR are, respectively:

- RMR with focusedfunding of $100m/year:estimate2015, unlikely before2012, very likely by
2020;

- RMR with sluggishfunding (comparableo current): estimate2025, unlikely before 2020, very
likely by 2040;

- Lag betweernthe attainmenif RMR andof RHR: estimatel5 years,unlikely within 5 years,could
take arbitrarily long.

These projectionsneed not overly concernus here, however, becausethe questionon which
demographerhavetendedto takeissuewith meis thatof the othertwo milestonesenumerate@bove.
Thoughtheymaybeinclinedto sharethe view of manybiogerontologistshatmy timeframedor RMR
andRHR areoveroptimistic,they (mostly) recognisethatwhich biogerontologistareright andwhich
wrong remains to be seen. What exercises them are my assertions that:

- LEV will probably be achieved at around the same time as RHR;
- AEV will follow shortly thereafter.
Therefore, I will now describe in detail how | derive these predictions.



Why LEV will probably roughly coincide with RHR

Predictionshere,illustratedin Figure 1, are basedon the aforementionedejuvenativecharacterof
thesetherapieswhich by definition makestheminapplicableto thosetoo youngto haveaccumulated
muchage-relatedpathogenicddamageThosewho arealreadyfrail (Figurel, trajectoriesA andB) may
not derive muchbenefiteither,at leastnot from the first-generatiorrejuvenationtherapiesThus, the
first beneficiarieswill probablybe thosein middle age,55 say,with about30 yearsstill to live in the
absencef rejuvenatiortherapiesSupposdhesetherapiesachieveRHR asdefinedabove settingback
frailty anddeathby atleast30 years.During those30 years the previously55-year-oldoeneficiarieof
thosetherapieswill exhibit a mortality ratelessthanjust beforethe therapiesverefirst begun.Other
thingsbeingequal,by the time they reach85 this groupOmortality ratewill havereturnedto thatpre-
treatmentevel andwill thencontinueto rise, muchaswould haveoccurredwithout the therapieqbut
at a chronologically older age).
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Figure 1. Actuarial escape velocity, explained by analogy with literal escape velocity. Remaining life
expectancy follows a similar trajectory whether one walks off a cliff or merely ages: the timescales
differ, but oneOs prognosis worsens with time. Mitigation of this (whether by upward jet propulsion
by rejuvenation therapies) merely postpones the outcome if too mild or begun too late, but sufficien
powerful intervention begun soon enough overcomes the force of gravity or aging and increasingl
distances the individual from a sticky end. The plausible ages at the time first-generation rejuvenati
therapies arrive of people following the respective trajectories are: A=100, B=80, C=50, D=30, E=C
Adapted with permission from ref. 12.

But other things will not be equal, becauseby then there will have beenimprovementsto the
treatmentswhich will have depressedhis cohortOsnortality rate. How much will it have been
depressedThe mostreliable measureis precedentfrom other technologieswhethermedical or
otherwise,during periodswhenthey wereamenabldo cumulativeincrementaimprovementgather
thanrequiring fundamentabreakthroughgasthesetherapiescanbe anticipatedto be in this phase).
Table2 lists, for illustration, the rate at which our prowessat poweredflight advancedollowing the
Wright brothers@itial achievementeachmilestondistedis far enoughbeyondthe previousoneasto
be technologicallyunimaginableto the previousmilestoneOachievers A remarkablysimilar rate of
progressoccurredin computing,in DNA sequencin@gndin the combatingof infectiousdiseasesto
name but three. Thus, the life extensionafforded by RHR is very likely to suffice to put its
beneficiariedbeyondLEV. As the improvementof treatmentincreasinglyoutstripsthe rate of aging,
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i.e. aswe maintaina rate of improvemenin excesof escapevelocity, this groupOmortality ratewill
fall back to that currently experienced at age 40 or lower (Figure 1, trajectory C).

Milestone Date
First attempt at flight Prehistoric
First powered flight 1903
First transatlantic flight 1927
First commercial jetliner 1949
First supersonic airliner 1969

Table 2. Major milestones in the history of powered flight, each barely imaginable at the time the
previous one was achieved. The chronological intervals would be quite similar for many other
technologies. It seems that while fundamental breakthroughs take unpredictably long, incrementa
advances (when driven by sufficient market pressure) occur at a rather uniform rate. This gives cat
for optimism that RHR will suffice to achieve LEV.

Next let us considerthe trajectoryof someone20 yearsyounger,i.e. 30 whenthe first rejuvenation
therapiesarrive. Suchpeoplebagainassumingaccesdo nearlystate-of-the-artreatment®will notbe
suitablesubjectdor thosetreatmentauntil perhapgenyearsafterthey havearrived,andthusuntil they
havebeentestedon older peopleandtheir major safetyshortcominggherebyidentifiedandaddressed.
Hence,following the sequencef eventsrehearsedor the older cohort,it is likely thattheywill not
appreciablyadvanceébeyondthe mortality rateof todayO50-year-oldsat any point, andindeedwill not
for long exceed that of todayOs 40-year-olds (Figure 1, trajectory D).

A similar degreeof confidencecanbe attachedo the lag betweenLEV andAEV. Herethe argument
concernssociopoliticaldynamicsratherthantechnology.Our projectionsof how societywill respond
to thearrival of RMR andRHR is clearly speculationput we canconfidentlyexpectthe achievement
of RMR to convincesocietythat RHR is foreseeableMy view is thatit will promptly become
impossibleto getelectedexcepton a manifestocommitmentto a OManhattafrojectQo achieveRHR
asquickly asthe scienceallows. | call this phasethe OWaron AgingOby analogywith NixonO©OWar
on Cancer®butin factthelatterwasa misnomerpbeingmerelya doublingor so of fundingfor cancer
researchThe War on Aging will bearealwar, in thatsocietywill chooseto makesacrificeshitherto
seenonly in wartimein orderto endthe slaughterassoonaspossible}***the hypotheticalconcernsof
bioconservative$' will be forgottenasrapidly astheywerewhenin vitro fertilisationwasperfected.
And sinceendingthe slaughtermeansachievingAEV, not just LEV, societywill havealreadymade
the decisionto expediteAEV beforeRHR evenarrives,by voting for the high taxesneededo train
enough medical personnel, etc.

Consequences for cohort life expectancy

Whatdoesthis meanfor thelife expectanciesf the cohortsillustratedby trajectoriesC andD? We can
easilycomputethis by referenceto todayOmortality ratesat variousages togethemwith assumptions
concerningthe aging-independemnhortality ratesthat the cohortscanbe expectedo experienceThe
latterareof necessityhighly speculativebut | feel surethatrisk-aversionwill riseattheindividualand



6

nationallevels,leadingto anincreasingarity of deathfrom accidentshomicideor war, andthenceto a
mortality ratefrom aging-independergausesvhich somewhaexceedshe bestachievedat anyagefor
eachsuchcauseat presentAn order-of-magnitudestimateof mortality from age-independerauses
is thusin theregionof 10* peryear,leadingto alife expectancyn the completeabsencef age-related
mortality in the high thousand®f years.Notethatthis is not materiallyalteredby infant mortality: just
astodayO#fe expectancycannotbe muchincreasedy furtherinroadsinto the alreadylow mortality
ratesof infantsin the developedvorld,'® soin aworld in which the mortality ratesof youngadultsare
retainedindefinitely the differencebetweenthe life expectancyassuminga mortality rateof 10* from
birth and that assuming an infant (and childhood) mortality rate equal to todayOs is also small.

To estimatethe meanageat deathof the cohortsdiscussedibove therefore we now considertodayOs
mortality ratesfrom age-dependerdausesat the agesin question.The older cohortdescribedabove
(Figure 1, trajectoryC) will spenda few to severaldecadesvith a mortality rate exceedingthat of
todayO50-year-oldsandmaybea majority of thattime ata mortality rateovertwice that. Much of this
cohortwill diein thatperiod,leadingto a projectedife expectancyor the cohortin thelow hundreds
of years.The youngercohort (Figure 1 trajectory D), on the other hand,is projectedto havethe
mortality rate of todayO8§0-year-oldsnly briefly andto returnto thatof thoseunder40 today,which
they will maintainfor the remainderof their adultlife. Their meanageat deathis thus projectedto
exceedl,000yearsand, given the considerationgegardingaging-independentnortality outlined
above maywell exceedb,000years.Evenif thetimeframepredictionsnotedabovefor RMR andRHR
areoveroptimisticby a factor of five, therefore cohortsborn towardsthe endof the 21* centurymay
well have a life expectancy exceeding 5,000 y¥ars.

Extrapolaholic challenges to the scenario discussed here

The sheemagnitudeof the dislocationin life expectancyandrelatedstatisticsdescribedherehasled
somedemographerso throw up their handsandridicule it without accordingit the rigorousscrutiny
that they employ elsewhere.

Perhapsthe mostill-consideredargumentis basedon the astronomicalreductionof age-specific
mortality ratesthatwould be requiredto achievefour-digit life expectancied it occurredat the same
rate at all ages,or elsewith the sameratio of ratesat different agesas hasbeenseenin the past
century? Quite plainly, no suchscenarids beingpredicted sothis is a transparenstrawmanto those
familiar with life tables,Gompertzdistributionsandthelike andhasno effectotherthanto misleadless
knowledgeablaeadersanto viewing somethingas absurdfor invalid reasonslt is irrelevantthat no

sustainedchangein Gompertzslopehasbeenseenin humanpopulationshitherto: we are no more
talking about the smooth continuationof pasttrendsin mortality ratesthan we would talk of

contemporarytransatlantiagravel beinga continuationof 19" centurytrends.In 1900, extrapolationof

trendsin the speedof ocean-goindiners over the previouscenturyor two would havepredictedthat

thetime takento travelfrom Londonto WashingtorD.C. in 2004would be at leasta coupleof weeks.
| happento bewriting this paragraplwhile in transiton just sucha trip, which beganthreehoursago
and will end four hours hence.

Sociologicalconcernsotherthaninequality of accessare alsorelevantto the transitionfrom LEV to
AEV, asothershavenoted?® However,hereagainthe conclusionthat lifespanincreaserateswill be
severelylimited is decidedlyhasty.The USA is perhapsnot the bestcurrentexampleof a nationin
which increasedengthof life hastranslatednto a greaterrespector the valueof life, butin Europe
the abandonmentf the deathpenalty and the increasingrestrictionson firearms ownershipare
conspicuougnanifestation®f a changein attitudes,perhapsalso exemplified by that continentOs
avoidanceof any wars for almost60 years(a duration last seenin Romantimes?). Death from
infectious diseasedn a world in which lifespansare potentially unlimited is similarly proneto
overestimationthe mainreasonthey are sucha threattodayis the purely financial fact that vaccines
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arenotvery profitable,somethingvhich (asnotedabove)will notbe allowedto influencethe situation.
Obesity,anothemajor causeof deathin the developedvorld andespeciallythe USA * will ceasdo be
amajorrisk factorfor death simply becausereatingit will beanintrinsic part(andarathersimpleand
cheap part at that) of the rejuvenation therapy itself.

A third challengeinvolvesthe distinction betweenintrinsic and extrinsic mortality, with the former
being consideredas causedby aging and the latter not. It hasbeennotedfor sometime' that the
completeelimination of all major age-relateddiseasesvould extendlifespanby only a couple of

decadeshencejt is arguedarise of evenacenturyin life expectancys utterly fanciful. Yet, various
researcherbavecalculatedasnotedearlier)thata life expectancyn the regionof 1000yearswould

resultfrom the indefinite possessiommf a mortality rate seenin youngteenagersn wealthysocieties
today.The apparenparadoxs no paradoxat all, asit arisesonly from the over-restrictivedefinition of

Oage-relatediseases® includeonly causeshatendup on deathcertificatesandrarelykill theyoung.
Deathfrom somemajor causeghat canafflict the young(suchasroadaccidentslaremuchmorelife-

threatening to the elderly because they are frail b in other words, because of aging.

Conclusion

Ultimately, all thefits of knee-jerkincredulityjust listed havethe samebasis:in generaldemographers
aresimply unwilling to regardthe scenarioof successfuinterventionin agingasplausiblein thefirst
place, so when impelled to opine on the demographicscenariosthat would result from such
interventiongheyopineinsteadon scenariosn which agingstill existsbutlessobviouslyso.Theseare
strawmanargument®f thefirst order:demographershouldavoidthis temptationTheyareasentitled
asanyoneto expresgheir opinionsconcerninghe likely rate of biomedicalprogressput they do not
truly fulfil their professionabbligationsto the societythattrainedandfundsthemif they apply their
specialistskills to computethe demographicoutcomesonly of the biomedicalscenarioghat they
favour andnot of alternativeonespredictedby non-demographer®y the time we know for certain
whosebiomedicalpredictionsare correct,it will be too late fully to undothe policy errorsresulting
from erroneousassumptionsnadeas a resultof this incompleteprovision of informationto policy-
makers.Societythereforeneedsb andis entitledto expectb demographerso settheir biomedical
opinionsto one side for long enoughto advisesociety of the demographicconsequences those
opinions are wrong.

This is evenclearerwhenonerecallsthat demographerare preciselythe groupwho bestappreciate
how acutewill be the problemsfacing society in coming decadesif populationaging is not

accompaniedoy biomedicaladvancesof the magnitudeof RHR. Hence,just as in the caseof

biogerontologistsvho shundebateon suchmatters?®>** it is particularly unfortunatethat they risk

delayingRHR, LEV and AEV by overconfidentlytouting their impossibility and thus dissuading
societyfrom working towardsthem.Recently Olshanskyandcolleaguegpublishedanarticle explicitly

focusedon the biological basisfor their pessimismaboutextremelife extensiorf® whetheror not one

considers its logic biologically nasve, we should hope that its publication sets a trend.
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