Genealogical Data and the Biodemography
of Human Longevity

Leonid A. Gavrilov, Watalia 5. Guavrilova. 5. Jay Olshansky,
and Bruce A, Curnes

Center on Aging, NORCA miversity of Chicags

ABFTRAL T Biodemography of human Jagevity is an mwerging interdisciplinary field of sociobin-
logical rezearch with deep hitorkcl rocts, Teo ressaech questions are eXadiined in this sriete;
1) What evidence s there Jor the familial Irunsmission of buman longevity?, and (2} what arg
thee effects of parentai age st peproducton on offspring longevity, and In particolar, are dvere
beng-term adverse health convequences associated with the bend loward delayed meproduction™
The ahility of scintists to conduct biodemngraphic studies depends not only oo merging thewrt-
Ical and methodaliogical clements from rhe biologicsl and demoeraphic/actuarial sciences, bup
unique sures of data and watbstical methods must alse be developed. Ln this artick we describe
how genealogical daty have been wsed for over a century to exphone bagic questlons aboml human
bonegeviry, and how simdar kinds of dawa now beiay devcloped are doving e formation of oow

testahle research hypotheses o the Reld of hiodemagraphy,

INTRODL'CTION

The bicdemography of aging is an
cmerging  interdisciplinary fisld of re-
scarch (Cames and Olshansky, 1903
Wachter and Finch, 1997, Gavrilov and
Gavrilova, 2W0]a) with deep historical
roots [meviewed in Olshansky and Carnes,
1997, Olshansky, 1998} The ability of
scicnbists t0 conduel research in dus Reld
depends not only on merging theoretical
and methodokyical clements fronn the -
tlogical and demopraphicfectuaral sei-
coces, bur unjgue sources of data and zla-
tistical methedds must alse be devekoped.
In this article we describe how penealog-
cal data have been usad for over a century
to explofe basic quesnons uhout humun
longaviry, and how similar kinds of Jua
now being developed are driving the For-
maticn of now testable rescarch fypothe-
ses in the Deld of biodemography. Two of
the wmany research guestions thal follow
tremn developments in this Aetd will be
exarined in this paper; 1) What ovi-

desice ix there for the familial transmis-
sicn of hvman loogevity?, and 2} what
are the clfecls of parcoual age & ropro-
duction on offspong longevily, and in
pariicular. arc there long-teemy adverse
health consequences associaes) with the
end toward delayed roproduction™

FAMILIAL TRANSMISSION
OF HUMAN LONGEVITY

The: Last year of e twenbieth contury
marked the 100h anniversary of the Arst
sysiematic sudicy oo the familial deter-
minams of human longeviry. in 1590 the
fiwnder of biometrics, Karl Pearson
(§837-1936; and his smdent. Mary Bes.
wir, analveed the corrclation of parcot!
vhild ages at death based on Engliab pe-
nealogics (using dala from the Enplish
pecrage and landed gentry) dating back we
the seventh cennury (Bapwn amd Pearson,
1892}, Cwang 1o timetations of their data,
Beeton and Pearson exarmined only adult
malcs age 20 and over Their secomd
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study was based nm more cxtensive pedi-
pree records of o members of the
English Scciery of Friends and of the
Frieowls” Providenl Association-—both of
which included data about males and fe-
meles of all ages (Beclon and Pearson,
1901). Using such data, Beelon and Pear-
son (1901 mensured the comelatiom For
ages uh Jeath not only tor pasentichild
pairy. but also among siblings. As a result
of their stuldics. these authors comeluded
tha! expectation of life s heavily infu-
enced by the ages of death of one's rela-
Lives tBecton and Pearson 1901, p. 7).
The familial transmission of human
longevity was also examined by the in-
ventor of the wlephwone, Alcxander Gra-
barn Bell (1918), usiag gencalogical data
on about 3000 members of the Hyde
family in New Engtand More extensive
sudies on the wpic were subsequeally
conduceed by Roevmoond Fearl (Pead,
193]; Pearl amd Dewin, 1934: Pear| and
Peari, 1934}, Ravroond Pearl discovered
in what i3 now the famous Baltimore
Longevily Study that the ancestors of
long-living persons (nonagenacans) had
a substanlially bonger life span compared
W 2 contred population. Following these
initial studies on the familia) iensmission
of human longevity early in the tventieth
century, a oumber of other scacntists have
addressed the same isiue (Wilson and
Doering, 1926; Holmey, 1923; Yuan,
1931: Preas, 1845: Dublic e al., 1949:
dalavisio, 1931 Coben, 1964; Hawkins et
al., 1963 Abboir &t al., 1974, 1978 Mur-
phy, 1978 Philippe. 1977, 1978, 1080
Welter, 1973 Wiyshak, 1978; Crawion]
and Roxers, 1982; Swoedlund ex al., [983;
Vandepbroake ot al, 1934, Desjardins
and Charbouneau, 1990; Booguel-Appel
umd Jakobi. 1990, 1991: Brand et al,
1902 Maver, 1991; Robioe and Allard,
1997, Tallix and Leppard, 1997, Kor-
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pelainen, 1999, Coumil et al., 2000; Gud-
mundsson o al, 2000: Kerber o oal..
2001; Mitchell et af, 20001, Mauhis ot
al.. 2002y

In addition to these wraditional studies
on famibial loagevity, ulhers have ex-
plored the genetic and cultral contmribu-
Hons bo infer-mdividual variarion in hu-
man [ife span by evalualing the relative
longeviey of iwing (Kallman and Samler,
1548, 1945, Kallman, 1957: Jarvik er al.,
L960: Harvald and Hauge, 1945 Wishak,
1978; Hrubec and Necl. 1981 Carmell
and Apdersen, 1981, Camelli, 1932,
Hruber: ot al, 1934; Hayakowa e al,
1852, MocGuc cf al, 1993; Herskind ot
al, 199, Yashin and Tachine, 1997;
Ljungquist et al., 1P98). A peincipal Bod-
ing of this body of research was that the
resemblance in life span among geoeti-
cally identical {manokveic] twins is
higher compared to that of fatemal (dizy-
Fotic) twins, indicating the imporance of
genetic factors in the doermination of hy-
man lite span (Molrue ot al, 1593 Hers-
kind et al., 1996). Moz recent smdies on
the lorgevity of adopied children have
reinforced the importance of biological
parents in predicting the lomgevity of off-
spring (Sorcosen of al. 198E: Sorénsen,
19%]; Miclacn et al.. 1542,

[n spite of & ceniory of research oo fa.
milial longevity, there is stil} no conscn-
348 AMODE oienGsts on uny of e
fundamental issues regarding familial
longevity. For example, the mic of geet-
ics in familial longevity wesemblance was
challenged by some amhors (Murphy,
1978, Philippe. 1978, Jacquard, 1981)
who not only found that the Familial re-
semblance is weak, bur also crophasized
the importance of social cxptanations.
The mode of kengevily inhertance in hu-
mans is alsgy pot vt detcrmined (Cames
et al., 1099). For example. are the genes
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associotled with bongevity dominant re-
cessive. of additive o thel action™ Alc
such  gencs amgsomal  or  sex-linked®
What is the relalive importance of the
matcmal versus paternal loageviey influ.
ence on offspring life span? Some sudies
suggest that human longevity is imhented
more soongly along the maternad line
{Pearl, 1931: Jalavisto. 1952 Abbot et al..
1974; Brand et al., 1991 Korpelainen.
19940, which 15 consistenl with theories
of aging based oo the inhenwnee of mito-
chondnal DNA throuph the evtopiasm
of maternal ova cells (eg., Sont and
Vandenbroocks., 1993 Wallace o al,
1995; Tanaka o al. 1994 Vaoden-
browcke. 1993} However other siudies
sugges thal there is a predominanee of
paernal lengevity influenee on offspring
lIife span (Bell, 1218: Cohen, 1964
Philippe, 1978; Welter, 1978; Bocquel-
Appel and Jakubd, 1990}

Mom 1ooont studies suggest thar il
may be reasonable 1o revise some of the
vnderlying assumptions behind existing
controversics about matemal versus pa-
ternal inheritaner. and to develop more
refined methods of famikial amalysis of
human longevily {o.g. sze Daveilov and
Gavrilova, 1991F ln pacticular, one
wstable byvpothesis that can now bae eval-
valed empirically with the nge of ge-
nealeyical data {hsted in Gavrilova and
Gavrilew, [999] is the quesbon of
whether there s a finear relatiomship be-
tween uifspnng and parental life span
{i.z.. the ohserved apes ol death of off-
spring arc shown Lo fse in equal measvre
[ the obsorved ages at dearh of their par-
snks), us opposcd 10 an aceeleroting rela-
Honulip a3 supgested by Gavrilova et al
i 1998), The assumption of linear depen-
dence belween offspring and parental
trwits i5 fundamental w1 quantitative ge-
pelcs becawse both the theoty of quann-
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lative genefic: and 5 applications are
brsed o this asiumpon (Faloosee, |BRS;
Falconer and Mackay, T9H) Moreowver,
the assumpticn of hnganty s o of thy
foundations for Path omalvsizs used in
swdies of the mechanisins of Tamilial
transmission 4f quantitaoyve rairs {MNeale
and Cardon. 1989, p. 9E)

The methiuds of correlation and hoear
reercssion analyses are alwo based on the
a.ssump{i:}n of Tinearity and wene ased 1
previous famibial sudies of longevity
tHolmes, 1928 Yuun, 1931; Duhblin 2t al.,
19d49: Jalawisto, 931 Hawking et al,
1965: Abbatt et al., 1973; Muarphy, 1978,
Cohen [94: Philippe, 1977, 1975; Wel-
ter 1978, Wyshak, 1973; Desjardins and
Charbooncaw, 159 Booquer-Appel and
Jakoby, 1990, 19917

What are the alte=matives 1o the hincar-
itw assumplion and why am they reboyant
to studies of leopewity inbertanceT Witk
large amounts of genculogical data i is
pesible to test the lincarity assumption
against altemalive I@jeriones. The mla-
tenship between offspring and parcnial
longevity may inylewd be based on a de-
celevaring fumclion—wilh a decreasing
slope that may even kevel off lin the case
of an early selection owm of the parents
whw dic prematurcly, fur cither geoetic or
non-biclogical rasons). Thus, the popu-
lation of longer-lived parents may beoome
more bomogenemss beciese of sclectivn.

An alternative prediction 1= that depen-
dence should be acoeleraiing (more steop
for the offspring of longer-lived parcors)
—a hypothesis dedved (rom the cvolu.

'The medbads of peldn usdysis Talsr soovem oy L
alruciural ouauon messls: and Sear applicsaons
qu.n[iquljbe g:nﬂics: e reveewed compwehensively in
Mol urub Clunkon, 199, and Lyoch aied Walsh. L.
and. chersfure, will md b deeysesd inoznes anlic|e d-
el 1in anseber T e nnpaetamce @ s encsedoeal
ot For bendeamod rophic siudess),
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tionary theory of aging apd the mutation
sccummlation  hypothesis in panicular
{e.g, for a sumnriary see Gavnlova et zl.,
1998). According ta the evolutionary the-
orv of aging, fhe eguilibrium gene fre-
quency for deleerion muotations should
increase with age-al-onscl of oiugation
wotiven because of weaker (postponed) se-
lection  against  [acc-acling  moukatiimes
{Medaware, 1952; Finch, 1990 Rose, 199];
Partridge and Barton, 1993; Charleswarth,
1994 ). I sceonlance with this mucabon
acriimukation hvpothesis, one woukl ex-
pect the observed (0.2, expreseed) penetic
varability in survival (additive genetic
varigheg) Ly ingrease with age (Panstdge
arud Bartorn, 1923; Charlcswonth, 159494,
[n peneral, both the addicive pemciic
vinnpomend of vananos and the dominsm
component e sxpected o incmeawe wilk
age under (he muiation accumulation hy-
pothexiy because in the case of traity al-
feted by e delctericus alleles, both
LCONIPONCTILS INCIcase with iscreasing ma-
tant allels frequency (Charlesswonth, 1937;
Falconer. 1989 Hughez and Chalcs-
worth, 19844, As such, the calio of addi-
tive penctic varance b the obsoved phe-
nuAypic vanance {ie. the hedwbility of
lungevity) may be estimated mest reliably
s ths doubled slope of the regression line
tor offspring life span on parenial age at
death, Thercfore. if leagevily s indecd
determined by late-nctng deletenioys mu-
talions. ane testable hypothesis is that this
slope will become steeper or longer
lived parents (at higher parental ages at

B nlay oe dillculr W gbserve difeerly this Lheorei-
cally prodicked apt-stlded increase in popalalion et
eregensicy dor survived orabamlitics. Darect e o]
this tbcory would moguine demwificoren of ichable hiu.
markers ting indivedwal ssvaval probabilities ©jrdissbual
frualte predbeliors: Furmmagely. it e M20 paossehle ool
a reueicd prediction of thas thowey regapding e bl
of like 3pan. 25 discusysd laber
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death) (Gavrilova el al, 199%; Gavrilowa
and Gavriloy, 2001k 10 s thiz kand of
unusual hypotheais that van be tesied
using daty from gesealogical resourcey
tCruvrilova and Gavnlov, 1999

Thuy, biodemographic siodics of the
familial ranzmussion of human longeyiry
can be summanzed in the fom of e
mwacarch directions and conmmsponding hy-
pothcscy that are anxeoahle 1o evaluation
wsing penealogical resoumes:

{1} What is the trajeciory of the deperr
dence of offspnng lengevity on parenal
longevity—is it linear (wandard assump-
LR LN QUARnye genclics), decelerating
icrpected wn the case of vy zelection
cut of shoner-lived parents), or accelerar-
ing (predicted by the evolutionary theory
of aging and by the muation accumwla-
tion hypothesis in partioular?

(23 lz the famolial transmizsen  of
lomgeviey stronger for children bom w
vounger (as compamed with oldery par-
ents, s would be expecied both for ge-
netic reasons {higher genctic diversity of
younger parenisl and for cultural reasons
thugher overlapping between parenal and
offspring life cyclesy?

(31 Whar is the relative importance of
palemal versus mutemaul Jongevity on the
observed lemprevity ol sons and danpghters

BIODEM{HGRAPHIC 5T UDIES OF
PARENTAL REFROEBUCTIVE AGE
EFFECTS OM GEFEPRING
LONGEVITY

Crelaved childbearing has become in-
creasingly comman in modemn socicties
because of demographic changes {popu-
lation aging), medical prognsss (ce., in
viora fectilizatien (TWF of older women .
ond persenal cheice For example, in
the United States the momber of hiths
to older mothers (35339 vears and 40+
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years) has more than doubled since 1980
while the number of births to younger
mthers {below ape 30 has not increased
(LI_5. Bureau of the Ceasus, 149977

Birth rates tor older fathers (ages 35—
449 and 30-54) are also mmereasing (U5,
Munthly Vieal Swtistics Repor, 997,
and this wend may aven aoee|grare o the
Moore Fue 1 medical progeess { Yiagra,
for exaople). Will the heallh and longevity
of ¢hildmen bom w older parents be sul-
versely influenced by paremal age al con-
cephion’? While the Jetnmentat effcers of
late eprwiuction on infant monality and
gcoctic discases have been well dovu-
memed {see beluwl, livle s known aboul
the long-term health consequences for
offspring bom to parents who conceive
later in the eproductive window.

Accomding to exisung evidence, de-
layed parental age & concepuon has many
detnmental influcnces on the longevity of
otfspring (for a detailed review of this
wopic see Gavriloy and Gavrilova, |997a).
The muajor materme! age-refated changas
in humans are increases i felal aneu-
plondy farer in reproduerve lile such as
Dicrwen’s syndroime (brizomy 213, Klinelel-
s syndrome (XXY), Edwands syn-
drome firisomy 18], amd Fatau's syn-
drome {wisomy 13). Advanccd matcrnal
gge alin emains an imponant indepen-
demt risk factor for fetal dewh,

The detrimental effect of late parernal
eprxduction is also well known: ad-
vanced paternal age has heen associated
wilh an imcrease in new dominant muta-
tions in offspring thal result in congenital
anomzlics {sec Gavrilor and Gavrilova,
1997a, tor teview). [n particular. paternal
age 15 msponsible for new  dominam
autosomuc mutations that cause ditferent
malformations, including achondroplasia,
Apent syndrome, Marfan syndrome, os-
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tcogenesis imiperfecta, and other inherited
discases [wogel and Tlotulsky. 1997:
Gavrilov aod Gavrlova, 1997a). Older
patcrmal wge Was MOore COMMmOon amcng
paucnls with Costello syndrome, chon.
drodyspasia puociata fbeodysplasia os-
sificans progressiva. and thanatephoric
displasia (Wogel and Motulsky, 1997
Gavrilov ond Gavrilova, T997a). Advanced
paternal age 4l repeoduction s also as-
sociated with an increased rigk of preao-
eicular cyst, naval aplasia, cleft palate, hy-
drocephalus, pulmonic stencsiz, weethral
stemmis, amd hemangivma (see review by
Gavrilov and Cavrilova, |99 7a)

There is, however, ong very impontant
question thal has yel o be addoessed:
does parental age at conceplion wfuence
the lotgeviny of the vasl majority af the
population of “healthy people” who do
nol suffer from ancuploidy and other ob-
¥ious genenc conditions thal 1end to ap-
pear relatively indrequendy carly in lifc?
[n other wowds, are aging-related discases
exprossed late in life assockated with pa.
ternal and magernal age al conceplion o
Farth? I 15 pussible 1o address this ques.
tion by cxamining the life expectancy ol
adults (say, at apes 30 and older) as a
tunction of parental age al reproduction.
By adull age & substantial partion of the
subpopulation suffecing from lethal ge-
nede disorders has already died. The in-
formatien on polenlial Life-shooening «f
fects of lawe pamalal eproductiom om
adult offsproing is netable bovause i oad-
dessses a3 possibly  imponent gap in
knowledge aboul the mechanismy of hu-
man lmgevity, the aging process itsedf,
and the pssibic role of accumulated ge-
netw: damage in the perm line un aging
and lungeviry.

The firsl mention in the histencal
lileruture suggesting a  possible  life-
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shonmening elfect on offspring of delaved
pamenting was maie by the French nalu-
ralist Buttor (16265 who neted that
when ilder wen procneale “they often on-
gemder moastecs, deformed children, sull
mowes  defeciive then deir Jather' (sec
Rotine and Allasd, 1997). In 1950, Eva
Julav iste analy7ed 12,756 published fam-
ily mconds of the Fionish and Swedish
middle class and nobility for those born
belween 1500 and 1829, Unfortunately.
in this interestiing  study  the  sccolar
changes in human life span during this
long histoncal period were not Laken into
acoount ([adure W contol For sacular
trends can produce biases and antifacks).
Alep, Talavisto {1930) did pot atempt to
conlrol for the possible effects af ofher
confounding factors [e.g. parencal life
span). The aothor concloded that off-
apnng bom o older mothers byve signifi-
canmtly shorter [ives, while the age of the
facher is of o imponance. This ubserva-
Lon is how amenable oy verificaiion wsing
our developing daalvese und relaisd ge-
nealogical data reconrees {(Gavrilova and
Cavrilos, 1999), and by conimiling for
the effects of other confeunding factors
and hisweical changes i the life ox-
peutancy of barth cevhorts,

o 1%€0, Piere Plulippe studied five
birh cohors {80029, 183049, 1350
69, 1287079, 138099} from a small rural
poputaticn of Isle-aux-Cowdres, Queber.
Canada. Muliple discnminani analysis
was wsied o study the cffccis of Famlial
charactenistics §such as parental consan-
guinity, maternal and paternal age at Lime
of chiidbirth, binh order, time iterval
since the previcus binh, months of nch,
viabiity of the preceding infand, ety on
offspring age at death. Surprisingly, pos-
sibly the most evident and imponant pre-
dichors of offspriog loogevity (palemai
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and matcrmal fife Fpans] wore not in-
cluded in the apalvsis (or unknown rca-
sons. Also, the authors noted that “1zking
mto consideration Utw possibilicy of di-
terenual cmigration™ from this smakl med
arca ([sle-avaCoudres), the rosults of
their analysis “must certanly be regarded
cauticasly” (Philippe, 1980, p. 215} In-
deed, 1 many casez the results of this
analysis wers not stalistically significant,
perhaps because of the small size of e
birth cohons (105-298 cases only in cach
cohorth, and also because of possible
cverlvading of the analysis By bow many
vanables {up oo 26 binary vanables wer
e (Uded). Tnospute OF these problems, Uhe
authors 4f thes atody made an intriguing
observation thal inereasesd malemal age at
fime of chiidbirth (33 years and abowe) is
(e main faclor common o buth carly
(0-3 vears) amd lave (70} years and above)
death (Philippe. L%30), By cootrast, in-
vreased faher's age was uncommon for
long-lived offsprng {Philippe, 1980}
These impartant obscrvations can be
te-cvaluated by using larger sample sizes
znd controlling for parental longevity.
Control for parental longevity is impor-
tani, because i has been demonsirated
that amang long-Lived women the propor-
ton of thaze able 1 bacome pwithers af-
ter 4th years is four times higher com-
pared m Wt who stop childbeanng o
viltiger ages (Perls et al 1997) Thos.
increased offspring longevity might not
b dbe 1o the older age of mother 91 child-
birth per se. bt due b igher longevine
uf tuch late-repnxdecing methers and the
inheritencs of longevity-related trais by
their offsprng. This hypolhesiz could
aletr e exploted i future studics.
Biodemopraphic  studies of parental
ape cffects on offspring longevity can be
summanzed in the {omm of four rescarch
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FSdla Y teacarch queston that can be
tested mone appmormiately using a larger
. aditple size {Gavrloy and Gavrilova,
R Il META, W99, 2000; Gavrilov ot al.,
" 1997, and do only daughtrs bom i
vlder fathers have a showter dilc ex-
pectancy mlative o dawghters bom 1o
younger tathers (Consistenl with hypothe-
si5 of the critical impertance of mwtamon
lowl on patemal X chroovssome inherited

g by daughters only)?

i'!J (L) What is the effurt. i any, o
X MRRBCrs age at conception on olfspring
il longevity in rclaton (o the hypunhesis

i thal there ix an age-melated acournulation
' of oxidative damage to mitechondrial
ﬂ:’ ' DONA, 0 maemal ova cebls?

P (3 It would be intcresting W examine
I the prediction of the X-chrmmosome hy-
i, Pothesis thar there should be a specitic
life-shumicning  cffac anwwmg  erandehil-
drem (grandsens in pantioular) if their
mother was bom 1o an older grandfather.
Prelitinary studies bave demonstrated
the sex-specific decrease of daughgers’
lungevity when bom to older fathers-—a
finding cunsissent with the mutaion loagt
hypothesis and the critical tole of the
X-chromosome transmitted from father
to daughser only [ Gavriloy and Gaviilova,
997, 1997b, 20000 This Xchromosome
hypothesis provides a specifie presliction
thyt we proposs to test in Fure studies.
Since the grandtuthers X.chromosome s
inhericed through the mother's side only,
onc might cxpect a specific effect of the
reproductive age of the matermal erandfa-
ther, Specifically, 1his hypothesis predicts
thaal grerrdehildren g rendions in Paertiel-
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mother was bora te ar olider grandfarher,

41 The pareatal support hypothesis is
that amiong the offspring of longer-loeg
parents, the pareatal age effects wil] he
less expressed. According to this hypath-
esis, children barn to older parents may
live shoner lives because they lowe their
Parents loo carly, o the formative yeary
af their lives,

GENEALOGICAL DATAS, aND
THEIR USE IV BIODEMOGRAFHIC
STUDIES

There are some geneabugical datg sets
already in wse in biodemngraphic siudiey,
sore pf which have already been men-
tioned. We are in the process of creating a
comprrhensive computerized genealoy-
cal database for biodemographic studics
bazed on e MIFENTA -sponsored revies
of the feasibility of this kind of research
1Gavrloy and Gavnlowa, 98y Soveral
factors suppon the comtinued develop-
menl of this source of data. There are owg
mutually exclusive constrainis on dara
sotres that should be taken moe accoun
in biodemogeaphic stidies: On the ope
haml. in order 1o have compiets data on
parental life span (for hertability studies
or for their wse as coatrol variahles), it ig
necessary o go hack in hiswory fur aboot
& cealury in order to have cxtimnet parental
binh cohons. On the oher hand the
histarical  pgemealomical databuses  are
often criticized becawe the gengalogical
lengevity  data collected in the pre-
atibicake era and particulady in the
pre—fublic health cra are sfen considetsd
e be: irrclevant 1o current low-mornaliy
populations (Coben, 1994 Smith. 19493},
Thus is thought o be the case becayse liv-
ing conditicns were quite diffcrent in the
past. For examiple, there wsed w be ax-
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teerely high mortaliy from infectious
diseases fluberculosis and pnoumonia, in
partcularh,  undar-nutrition and  some-
Henes even SIAMVALION Wets Common {sae
Carmes el 4l 1994, Fogel and Codra,
1997), the poverty rabe wus high and poor
safitary condittions prevailed, and high
seasodf morality was common {espe-
cinlly in winter,

There is, however, one fortunate ex-
veplion that perfoctly fits the purpose of
bicdlemographic  studies—socially  elite
arsuxratic families. which are reason-
ably homogeneous and in which social
deprivalion has mot interfered wnduly
with the chances of survival. Based on pi-
lat stwdies already conducted using data
of this sof (Gavrilova o al., 1598, il has
been determined that the modal age at
death for parcats in these socially clitc
farnilics in the ninemsenth century is me-
markably kigh {7D-75 years for Fathers
and Ti~B0 years for methers —which is
comparabbe with thyl of modern low-
mariafiey pepulaticons,

Another imaponant advantage of this
kind of data is their high reliabibice, accu-
acy, and conplelencss. since data for
answcratic families were recombed in
peat detdil for many centuries. More.
over, lhese dam are widely published by
mumerous  independent publishers, thus
crraling a unique cpporunity Ly cross-
check the infowmafion with other dala
sources to enswrs che highesc possible
data  qualiy and complewencss  (sce
Gavriloy and Gavrilova, 1998: Gawilova
and Gavrtiow, 1999).

Une mnigque Feanue of this data set is
that il comains a4 significant samplc of
males who achieved fatbwrhood later 10
life—a peduct of the Fact the older
kings and princes often marficd much
¥ounger womnen For example, Cueen
Yictona of England, wha passed he he.

Biodaniigruphy of Human Longevity 16T

mophilic gens 10 funther royal genera-
ticns, was bom 1o an older father (Duke
of Kent 52 years), and received the he-
mophilic gene most probably as 4 result
of paternal sperm mutation {Strickberger.
1978). Such cases of lae fatherhood
provide a wmigue opporanity w help
discriminate beiween paternai and matcr
ral age «ffecds on offspring health and
longevity Luler in life.

Since this privileged social roup Lived
in rather [avorabke conditions for many
cenruries, une coubd expert lexs influence
of adverse sovial Factors {poveny, for ex-
ampla) on lile span and henee redsced
envirdtmental  variaten  in  longevity
caused by these factors. This kind of data
allows the researchers to mimimize the
social heterngeneity of the papulation un-
der study and to hmat socioegonomic di-
versity, comparcd o other datz scts whene
a mixrure of families with diferent social
status 15 analyzod Thuy, althowgh rhis
data s¢l docs not represent the whale hy-
wan poputation (as labocalory animals do
noL meprescnt species in the wild), i is
an ideqd source of dala W otest bodemo-
graphic hypotheses abour the Eomulial
transrission of huraun lungevicy becawse
the effects of population beterogersity
are minimized wich regand o soctal sargs
(which can also be compolled for by indi-
cator sociccconomic varables such as
oobility rank and the life span of spouses
who share the same lamilial envinmn-
menl), This bs paniculardy impocant for
wsling biclogical theones of aging using
daty on humans.

While discussing the generalizability
CONUEMS, it 18 alse Imporiant o under-
stand the difference herween the angfvei-
cal and the descriptive studics (Levy and
Lemeshow, 19949} Analvtical studies that
interal o test specific hypothesex (lor
erample,  biodemwgeaphic  hypotheses
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described in this wnicley are less depen-
deot on data represeniabvencss lhan e
deseriptive studics, which miend o de-
scribe A whole population™ {Levy and
Lemeshow, 1994,

Adsa, all the cases of Famnilial inbrecd-
ing {consanguinity) arc well documented
for noble familics, so the data can be used
oo study the cffects of consanguinivy, oo
(Gavnley and Gavodova, 200105 1 is in-
rereshing to note that in one study of in-
bred families there was oo signiticant ef-
fect of inbreeding om survival curves and
heritability of human longewviry (wlayer,
1991} Mayer {p. 36) concluded that Bis
study  Uindicates negligible “inbreading
deprassion” with respect to loageyin.”

Reventy, arpuments in favor of histor-
ical genealogical darabasas for apiato-
cralic fawrmilies have moeivis] incrssiag
recogmition in the soemIfc communily.
Tn particular, Marene has published an az-
ticle based on biodernographic 2nalysis of
the Lifc span and fertilily duwa tor Briush
anstoczatic  families  (Westendotp  amd
Kirkwood. 1998, Specific reference was
made in the Weslendorp and Eidkwood
paper (1998, p. 746} to our identification
of the database used in the study. {For
further discussion of this Nere article,
ger Cavrilov and Gavrilova. 1999a, 2002;
Gavrilova and Gavridov, 1999.) By oow.
we, in collaboration with Russian ool
leagues {Vicioriz Semyonova, Ph.D., amd
Galina Evdokushkina, M.5c.), have com-
puterized more than 15,000 complete ge-
nealogical records (“European  Arisio-
cratic Familics™ databaze tor 18001580
birth coborts) that ars already being used
in biode mographic swdics (Gaveiloy and
Gavrilova, 1997a 1997b, 1999b, 2K a;
Gavriloy et al., P97 Gavreilova er al,
1908; Gavnlova and Gavnlow, 2001). The
main difficulties with developing  Lhis

Social Riokogy

wype of data set wre related to the need for
extensive dala cross-checking with many
dilferant sources, which is very labonious
and lime-consuming {lut produces high-
guality data). Some of the new prelimi-
macy resulis obtained with thes database
are described in the Appendix.

The smdies on biodemogeaphy of bu-
man longevite are progressing  rapidly
and such progress can be enhanced by the
idemiificanan and use of pew and novel
datubases that permil investigalons 1 et
resesrch hyvpothescs that were difficult to
st in Lhe past We have been developing
a new darabase jusl for this parpess with
the indtial funding from the NTHANTA—y
database that will be made available to
the rescarch community once complels
{publicly availahle data resources are re-
viewed in Gawnlova and Gavnilow. 1999,
For now. preliminary results are inbereat-
ing enough 1w wamant fhe cxpansion and
condnucd use of such databases

APPENDIX
PrELRAINARY FINTHNGE

Preliminary research  already  con-
duri=d with the use of data on European
arjsctatic familics has produced some
ineating results (sco Tahle ). First we
have tested the validity of the general as-
symption of the lincar deperuiemes be-
tween offspring life span and parencal Life
span. For this putposs, the sample was
split inte two pars with approdimanly
equal numbers of cases: one subsel with
bonger-lived parents (abave 71 wears) and
another subser with shomer-lived parcols
ibclow 70 years). The mgression slopes
far linear regression of offspring lifc span
ipre-adjusted for secular cffects) on
parcntal hife span were cakculaied and

compared.
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In the case of sinctly linear depen.
dence for the whole runge of parcntal
longcvity. the moression slopes for the
subscts of longer- and shorter-lived par-
cnis should be essentally the same. This
is obviously not the case—for all tour
offspring-parent pairs the heritability of
longevity was ruch higher for lomger-
lived parents. panicularty fathers.

In fact, human life spae sesms W be
ol hentable {in the narrow sense of fa-
mitial resemblance) if parents Live shorter
lives—all the regression slopes are close
to zere and are sotistically insignilicant
(Tahle I} This may explan why some of
the previcus investigatoes  (Philippe,
1978) were frusizated by low heritahility
estimates for human life span—they sim-
ply did not have enough cases of longer-
lived parenls in their dala scis, Cn the
concury. the repmssion shopes for the
lungeT-livedl parents are guils high, keep-
ing in mind that the theoretical upper

limit for this slope is equal to 0.5, corre-
spanding to 100 percent heritabilicy of
the trait (Falconer, 198U Faleoner amd
Mackay, 1996} For example, the daigh-
rers gain 263 years oF additional 1ife span
per each 10 years of additional [lc span
of longer-lived fathers (Table 1), whick
Fuemplly cormesponds we 37 percemt of the
tartow servse hentabidity (Falconer, 1989).
These results are consistent with the
prediction of twe cvolutionary theory of
apng (oo scction 2.1} and tndicace that
there may be wa incicasing genctic limita.
tion For the further increase of human life
capectancy in low-mestality populalons.
Anather interesting obscrvation using
available data is that the paternal
longeviry effacts on offspring lite span
arc more than double those of maternal
effects {Table 1). Since the frequency of
chromosomal crossing over is much less
in fathers compared o mothers (Strick-
berger, 1976 Vopel and Muotulsky, 19971,

[ p—
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the forunale gene combinations predis-
pasing wo lonecvity arc more likcly we be
cransmmutted intact [nod destroved by ge-
neoc recombinaton) from fathers rather
than from mothers, Other cxplanations
are alse possible, so larger biodeme-
graphic studies are planoed o cast mors
light oo the familial determunants of
human longevity.
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