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OCHOBHOM 3aKOH CMEPTHOCTM




The Gompertz-Makeham Law

Death rate 1s a sum of age-independent component

(Makeham term) and age-dependent component
(Gompertz function), which increases exponentially

with age.

H(x)=A + Re

risk of death

A — Makeham term or background mortality
R e % — age-dependent mortality; x - age
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KpaTkasa ncropusa Bonpoca




Npobnema npepena AoANTENbHOCTHU
yeJsioBeYeCcKoM XXU3HU A0JIroe BpemMs
6bin1a ynenom 6uonoros

buosiorn nonarasim, UTo y KaXxgoro
BMAa CyLleCTBYeT HEeKMH
6uonornyeckum npepen
NpPoAO/HKUTENIbHOCTU XXU3HU, KOTOPbIN
B C/lyvyae yesioBeKa «oCTtaBaJics
HeM3MeHHbIM AJ1S1 BCeX BpeMeH, pac U
umBunu3sauun>» (Economos, 1985)




B 1984 roay JleoHuna 'aBpmnoB nonbITancs npoBepuTb rMNoTesy npeaena
NPOAOIKNTENBHOCTU XXM3HW C MOMOLLbIO AeMOorpauyeckmnx AaHHbIX

bBUHOPHIHKA
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Tom XXIX, suin, 5

1984

JAHCKYCCH A

CYWECTBYET JIH NPEALH NPOAOMPKHTEABHOCTH MH3HH
OPTAHH3MOB?

FABPHJIOB JI. A.




npOBepKa rmnoTesbl npegeisna npoao/nKUTENIbHOCTU XXU3HU
Bcero npoaHasM3MpoBaHoO 26 Tabnuy CMepTHOCTU AONIroXXUTENEeN
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Source: Gavrilov L.A., Gavrilova N.S. The Biology of Life Span:
A Quantitative Approach, NY: Harwood Academic Publisher, 1991




[Mpo cyulecTBoBaHME NNaTo CMEPTHOCTU B NpPeaeribHO CTapLUMX Bo3pacTax
ObIST0 N3BECTHO AOBOSIBHO JABHO, XOTS aKTyapuu He CBA3biBanu aTo
SIBNEHWE C yTBEPXXAEeHMUeM 00 OTCyTCTBMMN (PUKCMPOBAHHOrO npeaena
NPOAOIMKUTENBHOCTU XXMN3HW (BUANUMO 3TO ObINO AN HUX O4EBUOHbLIM)
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THE BIOSTATISTICS OF SENILITY

BY MAJOR GREENWOOD AND J. O. IRWIN




M. Greenwood, J. O. Irwin. BIOSTATISTICS OF SENILITY

" the increase of mortality rate with age advances at a slackening rate,

that nearly all, perhaps all, methods of graduation of the type of
Gompertz's formula over-state senile mortality. "

... possibilsty that with advanc-
ing age the rate of mortality asymptotes to a finite value, "

| '.. The limiting values of go are
10439 for women and 0.544 for men. Some tests of the ultimate
“mortalities in non-human experience were not unfavorable. "




B 1992 roay nnato CMEpPTHOCTU B
CTapLiunx Bo3pacrtax 6b1s10 Nnoka3aHo
ANA NA0AO0BbIX MYLUEK W
cpeaAn3eMHOMOPCKUX MYX

B 90e roabl TeMa njaaTo

Between
: CMEpPTHOCTM B CTapLUMX BO3pacTax
/cUS npuo6pena nonynspHOCTb cpeau
and fhe AemorpacdoB U aAMUHNCTPATOPOB
Samon HauuoHanbHoro UHcTuTyTa
CTapeHus, a CaMO J1aTo

pacCMaTpuUBaJIoCb Kak
YHUBepcasibHoe buonornyeckoe
— . ABIeHME




Death rate, log scale

Takum o6pasomMm, B 90e rogbl NnpoLusiIoro BeKa
cpeaun apemorpadoB C/10XKNJ10Cb MHEHUE, YTO B
CTapLiMx Bo3pacTtax NpoucxoauT 3amMensieHume

cmepTtHocTu (mortality deceleration)

After age 95, the observed risk
of death [red line] deviates
from the values predicted by

the Gompertz law [black line].

Mortality of Swedish
women for the period of
1990-2000 from the
Kannisto-Thatcher
Database on Old Age
Mortality

Source: Gavrilov, Gavrilova,

“"Why we fall apart.

b ! ! n ! ! ! Engineering’s reliability theory

80 90 100 110 explains human aging”. IEEE
Age, years Spectrum. 2004.
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hazard rate, log scale

0.001

0.01 +

Mortality Leveling-Off in House Fly
Musca domestica

20
Age, days

30

40

Based on life
table of 4,650
male house flies
published by
Rockstein &
_ieberman, 1959

Source: Gavrilov, Gavrilova,
Handbook of the Biology of
Aging, 2006



PaHee npeanosiarasioCb, YToO 3aKOH
foMnepua HenNpUMeHMM K BO3pacTaM CTtapLue
85 net n Temnbl pocTa CMEPTHOCTM
3aMeanfitoTCA B CTapLuMX Bo3pacrax

JTO nHorpa
MHTEepnpeTupoBasioCb
nccniefoBaTeNISsMM Kak
BO3MOXXHOCTb 3aMefJIEHUNA U
AaXke npexkpauleHus
CTapeHu s B CTap4yecKux
BOo3pacTtax. HekoTopbie
yuyeHble AaXke Ha3BaJZi1 3TOT
nepuop “¢da3on 6eccmepTua”’

IMMORTAL PHASE

-------

MORTALITY MEASURE —>»
~

(I
DEVELOPMENT

0 CHRONOLOGICAL AGE

Michael Rose




Pab6oTtbl Mankna Poy3a Ha n1040BbIX
MyLUKaxX BAOXHOBUIM P3sa KypuBeuna
yTBepXaaThb O BO3MOXXHOCTU AAOCTUIKEHUS
6uonornyeckoro 6eccMmepTus y yenoBeka

- B 6nore Kypuseinna garotca peKkoMmeHaaumm no
pocTmxeHuro “¢gasbl beccmepTua” y yenoseka, HauMHas C
40 net. 3TO Nepexoan K CTUJHO YXU3HU HALUUX NpeaKkoB
(oxoTHMKOB-cobuparteneun), naneo-Anera, UCNoJib3oBaHue
AOCTUXEHUN COBPpeMeHHON MeaAuLMHbI U UCNOoJIb30BaHue
JieKapCTB HOBOIo NOKOJIeHUNA

http://www.kurzweilai.net/how-to-achieve-biological-immortality-naturally




CyLiectBytowme obbsaCHEHUS
3aMeJ/IeHNS CMEPTHOCTU

Population Heterogeneity (Beard, 1959; Sacher,
1966). "... sub-populations with the higher injury levels
die out more rapidly, resulting in progressive selection for
vigour in the surviving populations” (Sacher, 1966)

Exhaustion of organism’s redundancy (reserves) at
extremely old ages so that every random hit results
in death (Gavrilov, Gavrilova, 1991; 2001)

Lower risks of death for older people due to less risky
behavior (Greenwood, Irwin, 1939)

Evolutionary explanations (Mueller, Rose, 1996;
Charlesworth, 2001)




CoctosiHue npobnembl B CEpeanNHE HYNEBbIX
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Source: Manton et al. (2008). Human Mortality at Extreme Ages: Data
from the NLTCS and Linked Medicare Records. Math.Pop.Studies




 Hawm nccnepgosanms B 2011 roay 6onee
COBpeMEeHHbIX U TOUYHbIX AaHHbIX CLLUA
rnokKasaJsim, YTO 3aMeaJiIeHUs CTapeHu s Y
yesioBeKa He NpoucxoauT U pUcK CMepTu
npoao/HKaeT 3KCNOHEeHLMaJ/IbHO PacTy C
BO3pacTOM No KpanHeun mepe o 106 ner, a
BO3MOXXHO U MO3)Xe.

« COOTBEeTCTBEHHO A0JIKXHbI 6bITb
rnepecMoTpeHbl U NPOrHo3bl YNC/IEHHOCTH
B CTapLUMX BO3pPaCTHbIX rpynnax.




Study of the Social Security
Administration Death Master File

MORTALITY MEASUREMENT AT ADVANCED AGES:
A STUDY OF THE SOCIAL SECURITY
ADMINISTRATION DEATH MASTER FILE

Leonid A. Gavrilov* and Natalia S. Gavrilova’

ABSTRACT

Accurate estimates of mortality at advanced ages are essential to improving forecasts of mortality
and the population size of the oldest old age group. However, estimation of hazard rates at
extremely old ages poses serious challenges to researchers: (1) The observed mortality deceleration

NORTH AMERICAN ACTUARIAL JoURNAL, VoLUME 15, NUMBER 3

North American Actuarial Journal, 2011,

15(3):432-447
B 2




Gompertz model of old-age mortality

Study of 20 single-year extinct U.S. birth
cohorts based on the Social Security
Administration Death Master File
(DMF) found no mortality deceleration
up to ages 105-106 years (Gavrilova,
Gavrilov, 2011).

However, data quality problems did not
allow us to study mortality trajectories
after age 107 or 110 years using this
source of data.




Birth cohort mortality, DMF data

1898 birth cohort, females
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log hazard rate
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Nelson-Aalen monthly estimates of hazard rates using Stata 11




CMepTHOCTDb B NpeaesibHO CTapLuMx Bo3pactax
AABNISIETCA KJII0uYEeBbIM (PaKTOPOM ANS
NOHMMAHUSA U3MEHEHUUN YNCJIEHHOCTMH

NnOoXXuinbiX cTaplue 85 nert
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Death Gets in the Way of Old-Age Gains

By CaRL Blauk

A mew research paper, ard & oensus sarprise, are calling into question some kong-held beliefs abont a morkad bit
of math: how much mortality rates increase with age.

It's no sarprise that the older a growp of people get, the higher the percentage of them whoe will die im any gven
tiene period. Benjamin Gompertz, & 1gth-century British mathematician, charted the increase in mortality mtes

as very regular. His Gompertz law of nvortality says that esch additional period brings & constant pereentage
increase im moriality rates.

In the zoth century, though, as the workd

Survivors population aged and demographers” data
The incrages i5 the rumbar of corbenariaes nthe US. has begun improved, Gompertz started o look fallibde.
b nlosw, ralaing questians about gains in old-age sursval Researchers have found that, starting

50, D80 aronmd age #o, neortality keeps increasing,

but more showly. More wo-year-okls die

5,000 - - . - - x 2 before turning roa than Bo-year-olds do
before thear Bast Birthday, but the difference

080 wns bess than Gompertz predicted.

E But Gompertz may be right after all Ina
study published last year and publicized last

20,080 maomnth, two lomgtime researchers of aging
and believers in the late-life mortality

10,080 l slowdown reported that they and others
were wrong. Death rales among Amsericans

o - N || horm between 1875 and 185 kept an
50 el 0 2000 1]

by B0 r _ )
climbing steadily as they aged. they found.
ot P o TN | V0N 5 S e, o O oSS Oomntn i M e ket 11 e th - h - | b -h .
B L5 Crmar By Toa Wil vt sl - way throngh age 106, when their

numbers got oo sparse to follow,

This is bad news for anyone who wants to resch the century mark, bat conld provide an odd measure of relief for
pensions, retirement programs and medical insurers, whose oosts rise as people live langer.




The second studied dataset:
U.S. cohort death rates taken from
the Human Mortality Database

Joumals of Gerontology: BIOLOGICAL SCIENCES © The Author 2014. Published by Oxford University Press on behalf of The Gerontalogical Society of America.
Cite journal as: J Gerontol A Biol Sei Med Sci All rights reserved. For permissions, please e-mail: journals.permissions @ oup.com.
doi:10.1093/gerona/glu009

Biodemography of Old-Age Mortality in Humans
and Rodents

Natalia S. Gavrilova and Leonid A. Gavrilov

Center on Aging, NORC at the University of Chicago, Chicago, Illinois.
Address correspondence to Natalia S. Gavrilova, PhD, Center on Aging, NORC at the University of Chicago, 1155 East 60th Street, Chicago, IL 60637.

Email: gavrilova@longevity-science.org

The growing number of persons living beyond age 80 underscores the need for accurate measurement of mortality at
advanced ages and understanding the old-age mortality trajectories. It is believed that exponential growth of mortality




o 106 ner OTKJIOHEHUU OT 3aKOHa
foMnepua He Habnwaaercs
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OwunbouyHblie npeacras/sieHns O
BeJ/INUMHEe CMEepTHOCTU B CTapLUUX
BO3pacTax MOryt npuBoAUTDb K
3aBbILLUEeHHbIM NMPOrHo3am
YUCZIeHHOCTU CTapluero
NOKOJ1IeHUs




[lencTBuTesNIbHO, HeJaBHO BbIICHWUJ1I0Cb, YTO
nporHo3bl uyncna 90-netHiux n 100-neTHux
mopaeun B CLUA v BennkobputaHum
OKa3aJZIMCb CUJ1IbHO NMpeyBeJZinYeHbl.




[MPOrHO3Hble OLUeHKU Yuciia CTOJIeETHUX
B CLLIA, caenaHHblie B 2000 roay,
OKa3aJIuCb 3aBblllUeHbl BABOE MNo

cpaBHeHuo ¢ nepenucbio 2010 roga

Far fewer centenarians than expected in

"Census on
E Print

B Email  f Share € Tweet | Hlike Pinit

NEW YORK — Reports of Americans living bevond the ripe L T
old age of 100, it appears, were greatly exaggerated. : -

The Census Bureau predicted six years ago that the country

would be home to 114,000 centenarians by 2010. The actual §
number was 53,364, the census reported recently. That § 3
represented an increase of 5.8 percent since 2000, compared |
with a 9.7 percent gain in the nation’s population as a whole.




NMoxoxxas ncropus (3aBbllUeHHbIe NMPOrHO3bl
4yucsia AoNroXxXurtesien) noBTopuiachb B
BenunkobputaHuu

Sepiember 19, 2012 £:20 pm
Long-lived Britons increasing
slower than forecast

BY Moma Cohen, Economics Cormaspanden

The rate at which Eritons are living tnto very old age &
rizing much more stowly than had been forecast only two
vears ago, a blow for thosa hoping for a very long lifs but

zood news for pansion providers and the Treasury whach
spend hafty sums on the aldest old.




Ba)xHasa npobnema
OLleHKM CMEepPTHOCTHU B
CTapLuMx Bo3pacTtax

HenpaBu/ibHOe yKa3aHue
BO3pacTa




B KaKux Bo3pacTtax
coobLieHuaM 0 BoO3pacTte MOXKHO
AOBEpPATH?

HerlpﬂMble OLUEeHKUMN Ka4d4eCTBa OdHHbIX




Y )KEeHLLMH CMEPTHOCTb HNXKE, YEM Y MYXKUMH

1894 birth cohort

log hazard rate
f I

-1

-1.5

al 85 a0 a5 100 105 110 11E
age

+ [Men + Women

Hence number of males to number of females ratio should decrease with age




OTHOLLEeHMne yncna MYXUYUH K UHNC/Y XEHLUH,
A0KUBarloWwWmMx 40 onpegeneHHbiX BO3pactoB
ANA Ppa3HbIX KOropT poXxaeHus

Male/female ratio

| | |
100 105 110 115
Age

—&— 1898 cohort —— 1899 cohort
—— 1900 cohort —&— 1901 cohort

—a—— 1902 cohort




KaKkoBO Ka4eCTBO YKa3aHUA
BO3pacTa B npeaesibHO CTapLumx
BO3pacTax?

A study of data quality for five
single-year birth cohorts

Supported by the Society of Actuaries




More details are available in a special
report by the SOA

£ ‘J SOCIETY OF
ACTUARIES.

Mortality Analysis of
1898-1902 Birth Cohort




[TnaH uccnegoBaHus

[MATbL KOropT poXxaeHus:
1898, 1899, 1900, 1901, 1902

Direct age validation of DMF samples
randomly selected at ages 100, 103, 105
and 109+ ages

Sample sizes: 100 records for ages 100-105 years
For age group 109+ years — all records




NMpoueaypa Banuaauvm Bo3pacTra

NMpoBoaunacb NyTeM JIMHKOBaHUSA AAHHbIX NO
ymepwiunmMm B 6a3e Social Security Administration c
ncropunueckumm pecypcamm (U.S. censuses, birth
and marriage records, draft registration cards).

DMF records were scored according to reliability of age reporting.
The scoring system included the following scores:

1 — several early historical sources agree about birth date
2 — one early historical sources agrees about birth date

3 — later sources agree about birth date

4 — early sources disagree

5 — foreign-born individual arrived in the U.S. later in life
6 — not found in any sources




An Example of Age Validation
using Ancestry service

Adella M. Freo

in the U.S., Social Security Death Index, 1935-2014

188 Recor
Name: Ade“a M. Freo Sl goeStEd eCco dS

| 03301 Concord' Me”‘in}ack‘ Ne\v D U.S.. ObituanCOHGCtion. 1930'2016
S Hampshire Adella M Freo
BORN: 5 Nov 1900 [) U.S. City Directories, 1822-1995
Died: 28 Dec2010 AECRIFTRD
State ,d‘ TL New Hampshire (Before 1951) [) U.S. City Directories, 1822-1995
T Adella M Freo

Cancel

[ U.S. City Directories, 1822-1995

Adella M Freo

Finding person first in Ancestry database




Confirmation of birth date in early
marriage record

Adella Flammand

in the New Hampshire, Marriage Records Index, 1637-1947

| ;
Name: Adella Flammand Suggested Records

Marriage Date: 28 Jul 1924 [) 1930 United States Federal Census
DellaM Freo

m

vent Type:  Marriage
Marriage Place: Concord, New Hampshire [ U.S., Social Security Applications and
Claims Index, 1936-2007
8irth Date:  abt1901 Adella Flammand

e & [) New Hampshire, Marriage and Divorci

Gender: Female Records, 1659-1947

Adella Flamr i
ather'sname: Napoleon Flammand Adella Flammanc

Mother'sname: Angeline Mercre D 1920 United States Federal Census
Della M Flamand

Spouse Name:  Patsy Freo




NMpoueHT 3arnvucen HU3KOro Kayecresa B 3aBUCUMOCTH

oT Bo3pacTta. 1898, 1900 and 1902 birth cohorts

50

45

40

35

30

25

20

15

10

m 1898 cohort ™ 1900 cohort ®™ 1902 cohort

100vyears 103 years 105 years 109 years 110+ years

Results of age validation study for samples of 100 records, by age group.
For ages 109 and 110+ years sample sizes were slightly higher than 100.




Regression model for percentage of
poor quality records

Percentage of poor records is modeled as a
linear function of binary (dummy) variables
representing birth cohorts and ages.

percent =const + 3,AGE + B,COHORT

where percent is percentage of poor quality records, AGE and
COHORT represent sets of dummy variables (103, 105, 109 for
AGE at death with 100 years used as a reference level and 1899,
1900, 1901, 1902 for COHORT birth year with 1898 used as a
reference level), B; and B, are regression coefficients




Regression model for percentage of

poor quality data
R b e e
coefficients intervals
1898 cohort reference
1899 cohort 2.00 0.588 -6.55 - 10.55
1900 cohort -1.75 0.419 -6.69 - 3.19
1901 cohort -1.56e-15 1.000 -8.55 - 8.55
1902 cohort 4.75 0.057 -0.19 - 9.69
Age 100 reference
Age 103 4.67 0.092 -1.03 - 10.37
Age 105 4.33 0.112 -1.37 - 10.03
Age 109 16.67 <0.001 10.97 -22.37
Intercept 14.33 <0.001 9.40-19.27




Force of mortality by the data

quality score
1900 birth cohort, both sexes

I I I I I I
85 90 95 100 105 110
Age

—Oo—— Not cleaned —e—— Score=1-3
—&—— Score=1-3,5,6




Hypothesis

Mortality deceleration at advanced
ages among DMF cohorts may be
caused by poor data quality (age
exaggeration) at very advanced ages

If this hypothesis is correct then
mortality deceleration at advanced
ages should be less expressed for
data with better quality




NanbHeullue uccneqoBaHus

[psiMasa npoBepkKa Bcex 3anuceun ans
Bo3pactoB 106 neTt u Bbiwe y
ponroxureneun, poaumswuxcsa B 1900 roay

& PLOS | sioLocy

PRIMER

Late-life mortality is underestimated because
of data errors

Leonid A. Gavrilov *, Natalia S. Gavrilova

NORC at the University of Chicago, Chicago, lllinois, United States of America




OwnbkM B ykasaHuu Bo3pacra
NPUBOANAT K 3aHMXXEHHbIM OLleHKaM
U JIOXKHOMY 3aMel/IeHUIO
CMEepPTHOCTH, NO3TOMY 3aMeasieHme
CMEepPTHOCTM B CTapLUMX BO3pacTax
— 3TO NMPU3HaK NJIOXOro Kayecrea
AaHHbIX (Newman, 2019)




CmepTHOCTb MYyX4uH u XeHwuH CLUA, poauBLunxcs B
1900 roaoy, B 3aBUCUMOCTHU OT Ka4yecTBa AaHHbIX
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BbiBOA:

HenpaBusbHOe yKa3aHue
BO3pacTa NpUBOAMUT K
JIOXXKHOMY INJ1aTO CMEPTHOCTH




B CLUA Habnopaercsa
MCcTopuyecKkoe u3MeHeHue
TPAaeKTOpuUn CMepTHOCTU B

npeaesibHoO CTapLuMX BO3pacTax —
nepexopn ot 3amMmensieHns
CMEPTHOCTM K 3aKOHY 'oMnepua.

Hanbonee BepositTHas npuMunHa —
yaydlleHue KauyecTtBa AaHHbIX




HoBaa TeHAeHLMUA CMEPTHOCTU —
[oMnepunannsaLmsa TpaeKkTopmm

Of General Interest / Viewpoint

Al -
Gerontology .
- Gerontology 2019;65:451-457 Received: January 28, 2019
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New Trend in Old-Age Mortality:
Gompertzialization of Mortality

Trajectory

Leonid A. Gavrilov Natalia S. Gavrilova

Academic Research Centers, NORC at the University of Chicago, Chicago, IL, USA




Gompertz model outperforms mortality deceleration (Kannisto)
model for more recent birth cohorts

Men
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—©Oo0— Gompertz model —e&— Kannisto model

Akaike information criterion (AIC) for Gompertz and Kannisto models. 40 U.S. Birth Cohorts
Source: Gavrilov, Gavrilova, Gerontology, 2019. Source of data: Human Mortality Database




CmMmepTHOCTb MYyX4YMH U XeHwuH CLUA. “PanHHsasa” (1881) u
“no3gHnan’ (1898) koropTbl. 3ameaneHue ctapeHus
HabnoaaeTca TONMbLKO B paHHUX KOropTax.

Log(death rate)
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Source: Gavrilov, Gavrilova, Gerontology, 2019. Source of data: Human Mortality Database




B Poccuu cutyauuma elle ocrpee
— Habnoaaercs Kak HeBepHbIN
noacuer (3aBbilleHMne) Yncna
NOXXUJibIX B NpeaesibHO CTapLuunx
BO3pacTaXx, TaK u npobnembl C
yKa3aHMeM BO3pacTa




3aMensieHme pocta CMEepPTHOCTU, MJ1aTo U Aaxke
CHM)XEeHMEe CMEPTHOCTU Ha POCCUUCKUX AAaHHbIX 3a
2017 ropa

NMoBo3pacTHble K03 PULMEeHTbl CMEPTHOCTM B BO3pacTax crtapwe 60
ner B 2017 roany

= MY}KUUHbI = }EeHLLNHbI

60 62 64 66 68 70 72 74 76 78 80 82 84 86 88 90 92 94 96 98 100
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Napapokc: Habnropaemass cMepTHOCTbL B MOCKBe B CTapLumx

BO3pacTaX OKa3aJsiaCb HAMHOIro Hmxe, yem B LLiBeyuun
NMoBo3pacTHble K03 PpULMEeHTbl CMEPTHOCTU B BOo3pacTtax crtapwe 70
ner B 2015 roay
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OA4HO 13 BO3MOXHbIX peLleHUUn — UCNofib3oBaHue bornee
TOYHbIX AaHHbIX [TeHcuoHHOro ®oHaa Poccuu ans
KOPPEKTUPOBKN OLLEHOK CMEepPTHOCTU
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CywecrByeT 2in npegen
NPoAO/HKUTENIbHOCTU XU3HN?

[IpOrHo3bl pekopaoB AoNroseTus




Latest Developments

Evidence of the limit to human
lifespan (Dong et al., Nature,
2016)

Evidence of mortality plateau
after age 105 years (Barbi et
al., Science, 2018)




HoBas ny6bnukaumsa B )xypHane Nature (2016),
yTBep)Xaarowjas, uTo CywecTtByeT npeaen
NMPoOAO/HKUTENIbHOCTU XXU3HM YesioBeKa

Evidence for a limit to human lifespan

Xiao Dong'*, Brandon Milholland" & Jan Vijg"?
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Halua HoBas CTaTbA, NOCBSALLlEeHHas
npoBepkKe rmnoTrte3bl npegena
NPoAOC/IKUTENIbHOCTU YXU3HM
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[poBepKa rmnoTe3bl Npeaena Ha
COBpPeMEeHHbIX AaHHbIX O A0XXUBLUUX A0
110 ner

 Ecnm npepnen npoao/MKUTENbHOCTM
XXU3HMU CcyLjecTBYyeT, TO

1. Pekopabl gonroneTust AO/1KHbI
npekpatutb pactu (Wilmoth, 1997)

2. CMepTHOCTb B npeaesibHO CTapLumxX
BO3pacTaX AO0J/IHKHA PAacTUu C
yckopeHuem (Gavrilov, Gavrilova,
1991)




Two Databases on
supercentenarians

International Database on Longevity or IDL
(www.supercentenarians.org). This database contains
validated records of persons aged 110 years and more from
15 countries with good quality of vital statistics. The
database was last updated in March 2010 and the last
deaths in IDL were observed in 2007.

Gerontology Research Group (GRG) Database on
Supercentenarians. GRG group publishes the most current
validated list of living and deceased supercentenarians on a
regular basis in the journal Rejuvenation Research (Young,
Muir et al. 2015). GRG data were downloaded from the
URL:

http://gerontology.wikia.com/wiki/List_of_supercentenari
ans_born_before_1860




NcTopuuyecKnn poCcT peKkopaos AOJIrosieTus
3aMenJInCAa, HeCMOTPSA Ha pe3Koe yBe/InyeHune
Yyucsia goNroXXurenem
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Accelerated trajectory of mortality
at extreme old ages
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B npeaenbHO cTaplumx Bo3pacTax pocT CMEPTHOCTU C
BO3pacToM npopaorxaercs
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BbiBOAbI

 YeTKOro goka3saTtesibCTBa
cywiectBoBaHus abCconrOTHOro
npeaesa npoao/NKUTENIbHOCTU YXU3HU
yesioBeKa Nnoka He noJjiyyeHo.

 OaHaKO MMeeT CMbICJ1 NepecMoTpeTb
NPOrHo3bl peKopaoB A0J/IroJIeTUNA B
CTOPOHY UX YMEHbLUEeHMUA.




OTuyero Mo)xeT BO3HUKaATb
Brne4yaTtJieHMe 0 BO3MOXXHOM
CcyLlecTBOBaHUMU npenena
NpoaoO/NKUTENIbHOCTU YXU3HN?




CMmepTHOCTb 100-neTHuX nroaen
NPaKTUYEeCKN He U3SMEeHUachb 3a
nocneaHuve 80 net

« 3TO O3HAYaEeT, YTO TPAAULIUOHHbIE
noaxoabl K CHUKEHUI0O CMEePTHOCTU MOryT
naoxo paboratb B npeaenbHO CTapLumMx
BO3pacTax, U HeobxoanMbl HOBbIE

PEBOJIIOLIMOHHbIE noaxoabl K NpoAJ/ieHMIo
310POBOM YXU3HMN.




Experimental Section / Debate
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The Future of Human Longevity

Leonid A. Gavrilov®*P Vyacheslav N. Krut’ko? ¢ Natalia S. Gavrilova®P

Recent scientific publications suggest that human
longevity records stopped increasing.

Our finding that the mortality of U.S. centenarians
has not decreased noticeably in recent decades is
consistent with this suggestion.




CMmepTHOCTb cToneTHux B CLLUA
He CHU3uJ1aCb 3a nocsiegHme
HeCKOJ1bKO AeKkan
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Conclusions

Gompertzialization of old-age mortality
trajectories over time.

Mortality stagnation over time for ages
100 years and over.

If continued, these trends may lead to
accelerating pattern of mortality
increase with age

As a result, the number of centenarians
in the future may be significantly
lower than expected
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1CRACHLUMN MoMmChRCinAa CMCpPInoCirn
NOXXWUJbIX XXeHLWwuH B Poccuu nocne
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For More Information and Updates
Please Visit Our
Scientific and Educational Website
on Human Longevity:

http://longevity-science.org

And Please Post Your Comments at
our Scientific Discussion Blog:

= http://longevity-science.blogspot.com/




Thank you for your attention!




