A WV, 4358

Juurngd of Epiddemiology aitd Biostasiztics | P28y Wil 3. o, 3, 28u-104

&l

Combining genetic and demographic information in
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Puckerowmd Some pones may plin o more IPLZHITTTG e
i lwiman longevity than others. Genetie markers daw
Irom cross-sectional population studies are collectad o
lesting hvpotbases about the contrtbution of “candidae
2o2nes o longeviny

Methad A new methed, based on the evalustion of rafa-
pve sisks for individusls carrving candidote alieles, i
appliad to the combination of oenelic and demoeriphic
daia

Results: Candiciite genes from six loei (five neclear loci
andd mitechondrial DAY are catcoorised as frailty. lamo-

omndepeuieal oenes, Arga- and sev- relarad relative

e evaluated,

as well as allele-specific daks,

Conclusion The comparison between the relative risk
method and gene frequency method shows thar the relu-
fivie risk piethod sezims to be more robust: its classitica-
ton 14 basad on estimates of bazards rales. rather than
oit compdrisans between sene frequencizs

Levwords gens frequencies, senetics of [oneevity, agsing.

candidare alieles, survival,

Introduction

In genetic studies of human aging and survival, the con-
tribution of candidate genes in the survival process is
analysed by using methods based on pene frequency’=,
In one stratesy used currently 1o identifv genes inmulti-
factorial diseases, allele pools from sample group of
extremely old individuals (cases) and younger people
fcontrols) from the same population are compared, The
observed caseftontral differences in allele frequencies
are associaled with the influence of a respective candi-
date gene on survival™® Scandard statistical methods
which dentily differences in observed frequencies
between case and contral groups for different candidate
alieles are used to make proper classifications, Far
example. they may include methods of multiple compar-
1son, based on Bonferromt inequality method or Sheffo's
mizthod. By such an approach, frailty and langevity
genes, which decrease and increase respectively (he
chances of survival, can be identified.

Althougli very useful, the gene frequency (GF)
methad does not permit us to evaluze imporiant chirac-
teristics, such as relutive risks (RR) and survival func.
indisiduals certai allele.

tions, for carrying 1
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Furthermore, this method implicitly assumes thas:

* The initial proportions of gepotypes in all cohorts

reprasenied in cross-sectional study are the same.

* The survival functions of genotypes do not depend

ort the Birth year of the cohos,

Although the first assumption is well established. the
second assumption i controversial, Indeed, due to
tends in social, economic and living conditions, differ-
ent cohorts of individuals experience different environ-
ments. Consequently, the birth vear of the cohon could
affect the survival functions of & certain gCnoiypi.

The vse of demographic information, together with
data on genelic markers, DPENS 4 Mew avenue in cross-
sectional penetic studies. This strateay is realised in the
RR method suggested and explored in this paper. The
methad is hosed on constraint maximisation of the like-
lihood function of genetic data and allows far the inte-
granon of genetic and  demographic  informatian.
Although both GF and BR methods give a similar
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classification of candidate renes, the RR method provides
muere apportisnities for the anulysis of genetie dat Tt per-
miuts us to caleulyle inmal proportions, BR and survival
distributions for individuals with respective senes from
cross-sectionad dat It allows us 10 analyse the sensitivin
af the results w violations of the assumplions used in the
GF miethod. The fnfluence of secular trends in calort s
vival of genotvpes. as well as the effects of possible dil-
ferences 1 the amual allele proponions in populations
reprasented by dilferen: berth cohons on (e resulis of the
analysis. are disewssed. The quahty of the estimation pro-
cedure s tested with sinmulaed dati

The data

Fiva dtosomal loci (ABCER. REN, D215, 5002, THon
and e nutochondrial locus n:m'I_J-"v'-'u were considered.
The polymomphic systems were the followine: 34205
VNTR 115 HUMRBEN & (Ove alleles!y
O25323 (nene alleles'' . SOD2 v CT alletes'?),
HUMTHOT (six alleles'™ ) neDNA huplogroups (nine
alleles!y,

The dat on genetic nuirkers (or the group of cente-
niriuns (with ages abeve 100) and the gronp of younger
individuals (with ages 5-80) were obmined from sam-
ples collected in both nordern and seuthern Ttal v Alto-
gether, 662 individuals were involved in the siudy,
among them 34 male and -3 female contenarians and

220 male and 245 female younger individuals. 26 male
centenurians were from northern Naly and 28 wire from
southern [taly. The number of female centenarians from
the north was 83 and from the south 60. The vounzer
group contained 75 males and 87 females fram the north
and 145 males ond 158 females from the south, The
ages of the subjects ranged from 3 1o 109 years (5-19
year olds were school-children, 20-29 year olds were
university underzraduate and graduate students, the sub-
jects over LOD years old were gathered into o larger

allefes?y,

research project in progress in ltaly, the others were val.”

unteer donors). The samples were collected by efcht
institutions and research groups in Ialy. For technical
reasons, the aumber of individuals participating in the
analysis of some loct is less than mentioned above

RE method

The changes in gene frequencies with age within one
cohort are produced by ditferences 1o survival functions
(risk of death) associated with respective genes. This
property suggests a strategy for dentification of frailiy
and longevity alleles: Instead of comparing gene fre-
quencies between centenariang ind vounzer individuals.
ana can evaluate and compare RE and survival distriba-
lions associated with different nlizles. These characteris-
fes can b adentified wien addittonal fermation on
survival in respective cahors s availahie, Such infar

mation cian be taken from standard demographic life
tubles, Observed risk faciors, such os area and SEX, Ly
also be included in the lLikelihood. For example, the hie-
dred rate for an v vears ald mdividug| ray e represented
':;Ll-lt'l

A Cox-form"™ as w in0e ! awhere variable U, refers o
recwon 10 for the \'nnn amd L for the Soutly. ul:.LLuL L
refers o the sex 10 for faoale and 1 fior miale), ariahle
U, refers 1o the presence (U = 1) or absence (£ y=0of
the candidate allele on a l.h||:-mn~:rltm and variahle i,
refers ta the presence (17, = 1) or absence =0 u!
e same allele on .‘1.. homelogous chromesome.
Thus. the survival function of an.e vears old jdividiel
i, where 5= B

el b reprosents ', il

R :-:L-f o study we assume tha B, = B ose the
refative risk in individuals homozyaous for the candi-
date atlele is AR, where RE. = &l s the risk in individ-
dils heterozy pous for the u:'Jmhdulu: dllete. The RR
methed can control the siwaton when the survival func-
tions of geratypes depend on the binth vear af the
cobirrs. Note that Cox's partiad likelihood method can-
not be used here since all data are censorad

e L

Results
Th;- results of the data analvsis sr._ summarised in Table
. Tha RR for the area (RE| = &M, South/Narth), the sex
IR-'? , maleffemale ) :md the candidate allele (RR, =
prn:s ncefabsence) are shown, together with respec-
tive 83% confidence intervals (CI). estimated initial
atlele frequencies and p values. For example. the second
line in this table shows that the chances of death for
female individuals from southern laly not carrying
allele | arthe D218 locus, are |08 times higher than for
the some-sex individuals trom the Noerth; and the P
vilue for testing risk difference in the area is 0.0013, In
the North, males without this allele are [.18 more likely
lo die thun females without this allele and the 7 ovalue
for testing nsk difference in gender is <0.001. (Since all
p values for the risk related to gender are <0.001, they
are not shown in the table)) The initial frequency of
allele 1 at D218 Jocus is 0.02. The chances of d=ach for
a female frnm the North with one allsie | at the D215
locus are 85% of the respective chances of death Tor 3
female frmn the saine aren without this allele, The p
vidue for testing the difference in risks between those
with and withou! allele js 00025, The 95% I for
respective risks are shown in parentheses under the esti-
mites, Both p valugs and C1 are caleulated using the
bootstrap procedure; with 100 repeats. The +° sizn
means that this 15 a longeviy allele. The "= sian refers
o the frailty allele. The CI for the risks issociated with
the newral alleles include value 1. Siech alleles are ot
shown in the tutile. For example. SOD2 locus s not rep-
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Table | Estimated RR for the area, sex and candudate alléls from the dan an Jtian genotypes with S35 CLonly frailee (o) —

lnmevity o+ alleles are shown

Allele Area Allely

R =5 7 ovalue RE =MT Initial RR, with/ P value Fraifty
frequency withut lengevity

APOE DS 0,93 DoiLeg 17 |13 000 -
(0. 85-02.58) {1 18- 2a) (106, 19)

2275-] 1.08 [ARATH SR N2 .83 N z5 .
{1.83=1,13) {1ba=1.24) (0732093

D215-0 1.10 0.0 w0y [.10 0006 -
{1-=1.14) L2123 (105a=1.18)

wrelNA AP 1:11 0.0000 s (.84 foooa -
{10e=1, 131 (T3] 24y (075052

WL HAPEY e [ERSCHIATH 0.0 0T 0.0224 +
M1.07-1, 183 (12=1.200 L0250 B

RENS [ 0G0 0.73 1493 (.00 -
[1.12=].37) (G S L (0, 89-0.07)

REN-1] 120 0.6000 = L& L1 (0030 -
(1A3=1.265 (Lo4=1.29 (L03-1.18)

TEO-10 1.19 OO0 .20 43 00044 +
(L 18=1.243 (001197 (0.9 1-0.95

resented i the table since all is alleles are found 10 he
neutral

The data used in the present paper were already used

to identify geneflongavity associations By the GF
meathod by De Benedictis of of . The following resules
were pbrained. OF the six analvsed loci (APOB, D215,
REN, THO, §OD2, miDNA), three (APOB. THO and
MONA) were found to affect life expectancy: As: for
AFPOE, pooled alleles with less than 35 Iepeats were
found 1o be frailty alleles® and this result agress with
that obtained by the RR method (APOB-3] allele is
frailty). With THQ, the 10 repeat allele was classified as
a longevity allele by both the GF approach (De Bene-
dicts er ol unpublished observations) and the BR
sappronch. With suiDNA, both the GF u_s;:-mn:h {De
Benedicus ef ol unpublished observations) and the RR
mathod showed that I and V haplogroups are lon Tevily
alleles. As for the D278 and REN loci, while the GE
method did nol reveal an effect of these loci an survival,
the RR niethod did reveal fiailey and longevity alleles at
these lock, thes indicating thar the RR method 5 moee
reasonable than the GF method, Lastly, neither method
reveiled o geneflongevity association ot the S0D2

loewes,

Discussion
The anulyses show that both methods can be used for
clussilication of genes as robust. friil and neutral, Haw-

ever, the RR method gives a straizhiforward and com-

prehensive approach, which requires neither complex
|'|L[Lf"-'|'-7'E|-"|E'“‘r tesis between samples relevant to sex ar
o zeographic areas, nor multiple comparisons.

Furthermare, the use of the GF method may resalt in
seme spurious allele classifications because of age-
related non-monotonic trajectories of gene frequencies,
as the following example shows, Suppose that there are
three alleles in the population with the injtial propor-
tions py=[0.1, 0.3, 0.6} and relative risks RE = {0.5.
1.0, 20] TﬂﬁpEu]‘-Lhr'. Assume that survival is driven
by Gompertz mortality g with a = B8.00] and & =
0.04. The dynamics of allele proportions is given by
Figure |.

The proportion of individuals with neurral (RA =
L0} allele first increases, reaching its masimuny at age
about 103 years and then declines. [f samples of cen-
tenarians and controls are taken from this population,
then the neuwtral zene may mistakenly be classified as
& langevity gene by the GF method. Such an error will
not hagpen if the classification s based on estimates
at BR. The RR method is focused on esumation ond
compurison of RR rather than allele frequencies.
Hence, if the estimate of RR associated with some
altele 15 close 1o L0 this allele will be classified a3 a
neulral one:

In addivien. such importune characearistics as initial
frequencies and survival functions for individuals with
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speaific alleles can be evaluared, In the RE mathod the
bz on epidemiolosical sk factors fobsarved cavan-
wees) can be analysed, wogether with genste ditu. Sever-
dl other methodological difficultes ol tha GF method
can wlso be pveidad. In particuldar, the BR method has
ehough flexibility to describe the survival of hamozy-
gous individuals. It can take into account the exact ase
of individuals in 2 sample, thus making unnecessary the
agerepation of individuals oo twoo groups  with
teviinble lass of informanon,

Initial frequency

Among factors which may contribits 10 an erraneous
classification of candidate alleles we invesueated the
infiuence of possible changes in inital allels frequen-
cies and secular trends in mortaiity. Let us assume, for
nstance, that the initial frequency pyit) of the robust
aliele in the cohort bom i year ¢ decrenses with time,
A5 a result, the rate of increase of respective frequency
with age observed in across-seetional study goes up. If,
ot the contrary, p (1) increases with time. then (he rate
of increass in respective frequency with age ohserved in
A cross-sectional study goes down. Note thut meaningful
changes in the initizl gene frequencies in different
cohorts may be caused by migration Aows, which may
bias the results of analysis in a cross-sectional study.
Historical demographic analysis should accompany
such a generic study w avord confusion,

secular trends in mortality

Diue 10 chanzes in social, economic and hiving condi-
tions different coliorts of individuals experience differ-
ent environmental infiuence, These conditions  may
affect the chances of survival of individunly with diftec-

KE AXDREEY 1!

eil alleles, therzby vielaung the assumption that sur-
vival functions of genotypes do not depend on the birth
veur of the cohorr. This assumption is crucid in the GF
method. To caleulate the effeces of such secular tropds
1 human survivid on gene frequencies at age ¥ mei-
stred an vear T,owe assumig that observed survivil teends
are solely awibuted to the chunges it the Buseline su-
vival for loneevite alleles, and that RE are the same for
cach colort Note that. in accordunce with demographic
daty, the anpual vate of inprovement in survival s age-
dependent. Our simulation-estimation stutdies show that
the age-specific curve of annual rute of momalily
mpEvement seems ta have lile ipfluence on the Fre-
quensy of idsviduals cirrving longevire alleles in the
coluarts of Jiffersnr noe. Henceo the elissification o
genes into frail, rabust und newrral 1s not sensitive 1o
sichodependence, Moreover, anulyses based an the wse

o strvivitl Fumetions for seventl] colors and o

ihf ket

averige survival functions for synthene cohors, which
correspond 1o period fife-rable data, give the same
results of allele clussification,

Stnulation studies show that, enless the risk parame-
ter 15 very high an apprecisble chinnge in the frequency
aecurs anly i very old cohors: this result justifies the
relevupve of studymg groups of centenarians. Esinue
tien procedures, performed using simulated dara with
different sample sizes, show thar all parameters in this
madel are staastically identifiahle.

Dlespite evident progress in establishing connection
between specific genes and longevity'®, some aspects of
genetic studias using cross-sectional data deserve addi-
vomtl eftorts. For exarmple. to beusr vnderstand the
results of the joint influence of several genes on sur-
vival, methods for simultaneous analysis of data on
muliilocus genotvpes nzed 1o be developed, To better
understand the gene—environment interacion. the use of
additional demographic information {e.e. modality by
ciuse) may be helpful. New survival models are needed
to combine genetic and epidemiological daw in the
presence of random effects (hidden heterogeneity in
mortality), New approaches are needed to desoribe the
influence of uncbserved genss (12, genes which are not
included in the list of candidates) on age-trajectories of
oene frequencies,
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Appendix
We e & = 12 zroups of individuals speeified by tivo
argis {0 for North and | for South), two sexes (0 Jor
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femade and | for male) and three genotvpes (0 for the
abserez of the cundidate allele. 1 far the presence af this
allele in one chromosome and 2 for the presence of this
wlele at both chromosomes). Let g, be the imal pro-
portion of ndividuals from northern ltaly, p, o be the -
tial prepurnon of females and p, b the initil
Frquency of the candidate allele in a population, Let
pLT= = L3N Bethe propoition of ¢ vears old
individials from @ group in sonw cross-sectional studs
performed in yeur T, and let N 1T=u) be respactive mum-
bers of fmdividuals observad by this stods. Then the |ike-
linood funenon af the data s

LT T, =gy ST (1

here poin,T=0r= 10 p 0 T=00, and

Pt P08, [ T=y)
,I'Jll:"--T—'lflz ———————— iﬂ.i}
E_ Il I"_--I_I."?I,_I (1, 7=

where p (T=1) represents the witial properiion af ind:-
viduals in group & Nowe that each of thiese |2 initial pro-
portions may be represented 0 lerms of the thoee
paramelers P, . Py and g speeified above. For esch
=12, 12, the survival function §,(x T=x) is given in
terrns of theCox proportional hazard modeal (1972) with
conditional hazards piv & U U U ) = ,F..',,li.l'h"'.:: g
assume here that 8, = B,) and with the respective com-
bination of values for U, Uy, U, and U

Estimation procedurs

The likelihood (1) must be maximised with respact w
PArAMEters P P Py S (vT=x) x = e AR
survival function associated with w,ix}] and risks
RR=eM, f=1,2,3, 4. under constraint

N

SieT-i) = 1 Py (T=605, (TN (3)

The walues of survival functions S{yT—) are 1aken
fram the official demographic life 1ables for ltalian
population. The wvalues of S”J,t_r.]"—_rj depend  on

et ;. 5 %
SleT==v and BR = i= 1,2 3, & For
u.::urnplt. let us consider one of the 12 groups for
the APGA locus (group "k’ Assume that this number
refers (o the group ol from the south of
haly which have ene allele APOB-31 This sroup is
characterised by survival  function 5§ (v T-x) =
5 (T ERAS - Raspective tninial frequency will be

muiles

Pl =41 = 2=, 00 =pydp,, U =py ) The group *j° of
femades frome the nporh of faly which have one
APGE-SL allele has survival function 500 =y
Spel=o% und il frequency P! T=v)

2t B P B, b Sentilar representations can be wiit-
ten for each of the other 10 groups represented in the
likelhood (1) The estmation procedure which takes
e wecount constraint (30 starts with masinnzation of
the ikelihnad (1) with respect t initial propartions p_,
g Py, md visks RR 0= 1020 504 aking an ndtial esti-
nuake b 50 f=vh equals, for example: Sia =11 (which
1v hnowid, Then the estmates of p . g My and risks
RE =10 2.3 4 are substitmed into (31, from where the
second estmite of 5 (0 T=r) s caleudaeed, This is sulb-

1]

stituted n equation (1 with bnknown pargmeidn o, .
Pl M i B P= 1020304 The ihelihood (1) s s
inzed uzuin to produce asecand guess ot these [t

fes it e procedire 13 repeated unnl converseies
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