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AHHOTAIIUA

Iens. I[TpoaHAIM3UPOBATH CBA3b MEXK/Y JJIUTETHHBIMU H3MEHEHUAMU OTHOCUTEIbHOU THHEI Testomep (O T) u ot-
JIeJIbHBIMHU MapKepaMU BO3PACTHBIX U3MEHEHHH cepieuHO-COCYANCTON CHCTEMBI, TAKIMU Kak HHMapKT Muokapzaa (VM) B
aHaMHe3e, [yJIbCOBOE JIaBJIEHNEe WK IIPUEM aHTUTUIIEPTEH3UBHBIX IpernapaToB (AI'T]) 3a 15-7IeTHUI IepHO/T HABTIOIEHUA.

Martepuansl U MeTOABI. B uccienoBaHUM NPUHAIN ydacThe 332 MalMeHTa cpefHero Bospacra ¢ IM B aHam-
Hese. O/IT KpoBU ITpU [TEPBUIHOM OOCJIEZIOBAHIH U CIIyCTS 15 JIET OIpPeNesiiach MeTooM KosmdecTBeHHOH ITIP. [lya
cpaBHeHUA jorapudmuueckoro pacnpezesnenus O/T Ha HauajbHOM U (PUHAIBHOM dTallax UCCJIeJOBAHUA UCIOIb30Ba-
cs z-TecT. Pasuuna (Az-orieHKa) pacCUUTHIBAIACD /TSI KAXKIOTO OOJIPHOTO KaK MapKep OTHOCUTEILHOTO U3MEHEHUsT JJTH-
HBI TeJIOMeD 32 15 jieT. MHOXKeCTBEHHBI PerpecCHOHHBIN aHAIN3 IPOBOAMIICA ¢ AZ-OIIEHKOU KaK 3aBUCUMOU IepeMeH-
HOH; He3aBUCUMBIMU IIepEMEHHBIMU SBJIIICH BO3PACT, IT0JI, UCXOAHBIH ypoBeHb O/IT U KIIMHUYECKHE MapKephl BO3PACT-
HBIX U3MEHEHUN cep/IeYHO-COCYITUCTON CHCTEMBI.

Pe3ynbTaThl. YCTAHOBJIEHO, UTO UCXOAHO Az-onieHka O/IT He3aBHUCHMO CBA3aHA KaK CO CIydasMu (1eOGI0THBIME/
noBTopHBIMH) M (p < 0.039), Tak u ¢ mpremom AT'TI (p < 0.015) Ha MOMEHT Havasia uccyieoBanus. Y jaun ¢ UM B anam-
Hese win npuHuMarmux AI'TI Habroa10ch 60sIbIee CHUKeHMe z-01ieHKH it O/IT 3a mepuo/ ucciie/loBaHus, YTO CBU-
JIeTeJIbCTBYET 0 O0JIee BEICOKOH CTelleH! YKOPOU€eHUs TeJIOMeD.

3axnouenue. M3menenns O/T (Ux UCTOIIEHNE) KPOBU SIBJISIOTCS MOTEHITHATBHBIM MapKEPOM BO3PACTHBIX M3-
MeHEHUU CepIeIHO-COCYUCTON CUCTEMBI, UTO ITOATBEPIK/IaeTCA HAIMYNEM 3HAYMMOM 1 He3aBUCUMOU KOPPeJIAIMOHHON
CBSI3U MeK/y AZ-OIIeHKOU U JIe0I0THBIM/TIOBTOPHBIM M, a Tak:Ke UCXOAHbIM mpueMoM ATTI, ABISIONUMHUCS TPU3HAKa-
MU MHOTOJIETHEU THIIEPTOHUH, TPEOYIOIIEN JIeUeHUA.

Karoueswvtle caosa: AHTUTHUIIEPTEH3UBHBIE IIPDEIapaThl, BO3PpACTHbIE U3MEHEHUA cepnetmo—cocy,ancmﬁ CUCTEMBI, KO-
ropra, sItTMA€MHUOJIOTHA, I/IHCI)apKT MHUOKap/aa, TeJIOMEPHI.

ABSTRACT

Objective. To analyse the association between long-term changes in relative telomere length (RTL) and selected
markers of cardiovascular ageing such as history of myocardial infarction (MI), pulse pressure or usage of antihypertensive
(AHT) drugs during 15 years of follow-up.

Subjects and methods. 332 middle-aged subjects were recruited from a population-based, case-control study
of patients with MI. RTL in blood at baseline and after 15 years of follow-up was investigated through quantitative PCR.
Z-statistics was used to compare the log-distribution of RTL at baseline and at follow-up, respectively. The difference
(Az-score) was calculated for each individual as a marker of relative change in telomere length over 15 years. Multiple
regression analysis was used with Az-score as dependent variable, and age, sex, RTL at baseline, and clinical markers of
cardiovascular ageing as independent variables.
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Results. We found that Az-score of RTL was independently associated with both total (prevalent/incident) MI
(p < 0.039) and usage of AHT drugs (p < 0.015) at baseline. Subjects with MI or on AHT drugs showed a greater reduction
in the z-score for RTL during follow-up, implying a higher degree of telomere shortening.

Conclusion. Changes in blood relative telomere attrition (RTL) is a potential marker of cardiovascular ageing, as
illustrated by significant and independent associations between A z-score and prevalent/incident MI, as well as with base-
line usage of antihypertensive drugs — a marker of longstanding hypertension in need of treatment.

Keywords: antihypertensive drugs, cardiovascular ageing, cohort, epidemiology, myocardial infarction, telomere.

BBEJAEHUNE

Teslomepbl (HOPMHUPYIOT KOHEUHBIH CErMEHT
XPOMOCOMHOM CIUpaJId, UTPas BaKHYIO POJIb B 3a-
IATE KOHIOB XPOMOCOM TIPH PEIIMKAINH KJie-
ToK [1]. /I;TuHA TesioMep B MEPBYIO OUYEPEb PETyIIU-
pyeTcsa reHeThuecKUMHU GaKTOpaMu [2], cyIecTBy-
0T TaKKe U HEKOTOpbIe Apyrue (haKTOPhI, BIIUIIO-
M€ Ha JAJIUHY TE€JIOMED I aKTUBHOCTD PETYJIUPY-
toirero pepmenTa — tesioMepassl [3]. [lo HacTosIe-
TO0 BpeMeHU BIHUAEMUOJIOTHUECKOe U3yUeHNe CBA3H
TEJIOMED C XPOHUUYECKUMU 3200JIeBAaHUSIME OCHOBBI-
BaJIOCh TJIaBHBIM 00pa30M Ha MepEeKPECTHBIX HCCIIe-
noBaHusx. Hampumep, B psizie 06cepBaIlHOHHBIX HC-
cJIeZIoBaHUM OOHApY’KeHa CBSA3h KOPOTKHX TEJIOMED C
apTepUaIbHON THIEPTEH3UEH U IyJIbCOBBHIM JIaBJie-
HHUEM [4, 5], nmaberom 2-ro Tuma [6, 7], UHCYJIUHO-
PE3UCTEHTHOCTBIO [8] U cepeuHO-COCYTUCTHIMHU 3a-
60JIeBaHUSAMU, B YaCTHOCTH, C PUCKOM HIIIEMHYECKOH
6onesun cepana (UBC) [9—11], uHcynbroMm [12] u
aHeBpU3MOH OPIONIHOM a0PTHI [13]. DTO MOXKET OBITH
00YCJIOBJIEHO OKUPEHUEM, XPOHHUYECKUM BOCIIAJIe-
HHEM WX HEe3/IOPOBBIM 00pa3oM KU3HHU [14]. Bme-
CTe C T€M ITOJIyYeHHbIE JJAHHBIE TOCTATOYHO MTPOTHU-
BOPEUYUBBI; KPOME TOTO, IPEIBIAYIIHE HCCIIEN0Ba-
HUST PEJIKO CTPOMJIKCH Ha JOJITOCPOYHBIX HabJIIO/Te-
HHAX 32 CBA3BI0 U3MEHEHUH OTHOCHUTEIHbHOM JIJTHHBI
tesiomep (OIT) u MapKepOB BO3PACTHBIX UBMEHEHU
CepAEYHO-COCY/INCTON CUCTEMBI.

Ou4eBHU/IHO, YTO PE3YJIBTATHI IEPEKPECTHBIX UC-
cimenoBauuii O[T He aOT MOJHON KapTHHBI MIPO-
HUCXOASIIHNX C TEYEHHEM BpeMeH! U3MEHEHUH TeJI0-
Mep, CBA3AHHBIX C PHUCKOM CEPAEYHO-COCYAUCTBIX
3abosieBauuii (CC3). ITo aTOl mMpUYMHE /A CpaB-
HEHUS CKOPOCTU UCTOIIEHUS TEJIOMED yV HaIlueHTOB
C Pa3/INYHBIM CEPAEYHO-COCYAUCTBIM PUCKOM Tpe-
OyI0TCS JIOJITOBPEMEHHbBIE HCCIIEIOBAHH S, KOTOPbIE
JIO CHX TIOP PEIKO IIPOBOASTCS U IIOTOMY SIBJISTIOTCS
KpaiiHe BocTpebOBaHHBIMHU [15]. B HEKOTOpBIX HC-
CJIeZIOBAaHUAX paHee OBLIO MOKa3aHO, YTO Y 15—25 %
MMaIMEeHTOB JINHA TEJIOMEP CO BpEMEHEM yBeJTUUH-
BaJjiach [16—18], 4TO MOKeT OBITH CBSI3aHO C IIOBBIIIIE-
HHEM aKTUBHOCTH TeJIOMepPasbl UJIU BIUSHUEM U3-
MEHEHHUsI JJINHBI TeJOMEpP B Pa3JIUUYHBIX CYOMOITy-
JIAIUASAX MOHOHYKJIEAPOB JIN0OO0 C METO/0JIOT HUECKH-
MH TOTPEITHOCTAMH 3TUX HccaenoBaHui. Ciemy-

INTRODUCTION

Telomeres form the end segment of the chro-
mosomal helix and are of importance for end-pro-
tection during cell replication [1]. The telomere
length is primarily regulated by genetic factors [2],
but also some environmental factors have been
shown to influence telomere length or activity of
telomerase, the regulating enzyme [3]. So far, epi-
demiological research on telomere biology in rela-
tion to chronic disease conditions has mostly been
based on cross-sectional studies. For example, in a
number of observational studies it has been docu-
mented that short telomeres or the genetics regu-
lating telomeres are associated with hypertension
and pulse pressure [4, 5], type 2 diabetes [6, 7],
insulin resistance [8], and cardiovascular disease
manifestations, e.g. risk of coronary heart disease
[9—11], stroke [12] and abdominal aortic aneurysm
[13]. This could be due to the association with in-
termediate phenotypes such as obesity or chronic
inflammation, or to the influence of a less healthy
lifestyle [14]. However, some of the findings have
also been contradictory, and previous studies did
rarely include a long-term follow-up for determina-
tion of changes in relative telomere length (RTL) in
relation to markers of cardiovascular ageing.

Cross-sectional data on measurements of telo-
mere length are obviously not enough to evaluate
the full importance of time-dependant changes ac-
cording to telomere biology which are associated
with cardiovascular risk. Therefore it takes longitu-
dinal studies to compare the telomere attrition rate
over time in defined subjects at varying cardiovas-
cular risk, so far not often reported and therefore
asked for [15]. In some studies it was previously
shown that 15—25 % of screened subjects might even
increase their telomere length over time [16—18],
maybe caused by an increased activity of telomerase
or the influence of shifting telomere length in differ-
ent sub-populations of mononuclear cells, or even
represent an artefact due to methodological short-
comings. The influence of cardiovascular drugs on
telomere biology and related changes should also
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eT TaK’Ke U3YUHUTh BIIMSHHUE CEPIETHO-COCYAUCTHIX
mpemnaparoB (HampuMep, AaHTUTHIEPTEH3UBHBIX
WY TUTIOJIUTITUIEMUYECKHX) Ha OMOJIOTHIO TEJIOMED
U IIPOUCXOSIIHE ¢ HUMU U3MeHEHHU [19].

IIEJIb ICCJIEIOBAHUA

AHanu3 CBA3U MEX]Y AJIUTEIBHBIM HCTOIIe-
HHUEM TeJIOMep U HeKOTOPBIMU MapKepaMu BO3pacT-
HBIX U3MEHEHUU Cep/leuHO-COCYUCTOU CUCTEMBI,
TaKUMU KaK HHQPApKT MUOKap/a B aHAMHe3e, IyJIb-
COBOE JlaBjleHNe WU IIpUMeHeHue aHTUTHUIlepTeH-
3UBHBIX [IPEIapaToB.

MATEPHAJIBI 1 METO/ABbI

JIJ11 OLIEHKU WCTOIIEHUs TeJIOMep 3a 15-JIETHUU
TIEPHO/T MBI UCTIOJIb30BAJIH JJAHHBIE IO TTOJITPYTIIIE T1a-
[IMEHTOB, YYaCTBOBABIINX B HcciaemoBaHuu Malmo
Diet Cancer — Cardiovascular Cohort (MDC-CC).
B ucciieroBanmy IpuHAIO yaactye 6103 ues. [lepBo-
HavaIbHOE 00CJIeZI0OBAHIE ITPOXO/IIIO B 1991—1994 IT.
B I. Masipmé (IIIBenwst). Onrcanve IEpBOHAYATIBHO-
T'0 CKPUHUHTOBOTO 00C/IeZI0BaHUsI OBLIIO OIyOINKOBa-
HO B [20, 21], BKJIIOYasi JaHHbBIE O IOCEIAeMOCTH, Xa-
PaKTEPUCTHKE JIUI], HE BOIIIE/IINX B BEIOOPKY, a TaK-
JKe METOUKE WCCJIEZIOBAHHUSA U CAMOCTOSTEIHFHO 3a-
MTOJTHSIEMOM OIIPOCHHKE. B mepuos ¢ 2007 o 2009 T.
B OT/IeJIEHUH KJIMHUYECKUX FICCIIEIOBAHUE YHUBEPCH-
TETCKOW OOJIBHUIBI B MasibMé ObLIO MTPOBENIEHO IIO-
BTOPHOE 00CJIeZIOBAaHMUE JIUI], YUACTBOBABIIINUX B IIEP-
BHUYHOM O0OCJIEIOBAHUH, KOTOPOE II03BOJIMJIO OTO-
OpaTh MOATPYIIIBI MAIIMEHTOB JIJIA B3ATHS IIPOO KPO-
BH, OIpe/ieieHust (PaKTOPOB PHCKA U OIIEHKU HCTOPUH
00JIe3HM.

N3 yuactaukoB MDC-CC 6pu1a chopmupoBa-
Ha TpyIia u3 714 4ej., B KOTopyio Bouuiu 88 60s1b-
HbIX ¢ UM, Ipou30meuM 10 IIepBUYHOTO 00ciTe-
JIoBaHUA; 198 Yest., y KoTopbix M pasBuics mocie
repBUYHOTO 00caeoBanusA (70 31 Aekabps 2006 T.),
" 458 uest. 6e3 M (KOHTpoOJIbHAS TPYyIIIa) 3a 15-JIeT-
Hu# ntepro. Hrke onuchIBaeTces, Kak MOJITBEPIKIAT-
cs1 quarsos VM.

OO0pasnpl KPOBU HCIBITYEMBIX TaKKE HCIIOJIb-
30BAJIUCH JJIA TIEPEKPECTHOTO MCCIIEZIOBAHUSA CBA3EH
MEXK/Ty JJIMHON TesoMep (Ha OCHOBE KOJUYECTBEH-
vo#t ITIP) mocyne sxcrpakmuu JHK u pasmuaHbx
¢akropos pucka CC3 [22]. OxHako JUIA MEpBOU IIy-
OJIMKAITAN UCIIOJIb30BATIUCH TOJIBKO IAHHBIE TI0 KOH-
TPOJIBHOM TPYIIIe MMalNeHTOB, He mepeHecinx M.
Kpowme TOrO, B X0/1€ COBMECTHOTO T€HETUYECKOTO UC-
CJIeIOBaHUSA UCIIOJIb30BATIUCH 0OPasIbl 226 MarueH-
ToB ¢ IM u3 uncia yuactaukoB MDC-CC (155 my»x-
YMH U 71 JKEHIIUHA) U 444 dei. 6e3 VIM (306 myk-
yuH U 138 keHIuH). Bospact cocrasiisin 48—68 ser
(B cpennem — 61 rop) [23].

be further explored, e.g. antihypertensive or lipid-
lowering drugs [19].

AIM OF THE RESEARCH

To analyse the association between long-term
telomere attrition and selected markers of cardio-
vascular ageing such as history of myocardial infarc-
tion, pulse pressure or usage of antihypertensive
drugs.

MATERIALS AND METHODS

We used data from a subgroup of the Malméo
Diet Cancer — Cardiovascular Cohort (MDC-CC)
for the determination of telomere attrition during
15 years of follow-up. The MDC-CC was a popu-
lation-based study (n = 6 103) with a baseline in-
vestigation carried out in 1991 to 1994 in the city
of Malmo, Sweden. Descriptions of the baseline
screening have previously been published in full
detail [20, 21], including data on attendance rate,
characteristics of non-attendees, as well as meth-
odologies and the self-administered questionnaire
used. During the period 2007 to 2009 a re-screening
examination of former MDC-CC subjects has taken
place at the Clinical Research Unit at the University
Hospital in Malmo, providing the opportunity to se-
lect sub-groups of subjects for blood sampling, de-
termination of risk factors and evaluation of medical
history during the follow-up.

Within the MDC-CC we established a case-con-
trol cohort (n = 714) with cases of myocardial infarc-
tion (MI) prior to the baseline exam, “prevalent MI1”
(n = 88), cases of MI which occurred after the base-
line exam until December 31% 2006, “incident MI”
(n = 198), representing a total of unique 256 indi-
viduals with prevalent and/or incident MI, and con-
trol subjects free from MI prior to the baseline exam
and during follow-up until December 318 2006
(n = 458). The retrieval of MI case status is described
below.

Blood samples from these subjects were also
used for a collaborative study in order to investi-
gate cross-sectional associations between telomere
length (based on quantitative PCR) after DNA ex-
traction and various cardiovascular risk factors [22].
However, only data from the non-MI controls were
used for the first publication. In addition, the study
material for a collaborative genetic study based on
MDC-CC subjects consisted of 226 cases of myocar-
dial infarction (155 men and 71 women) and 444
controls (306 men and 138 women). The age span
of both the controls and MI patients was 48—68
years (mean 61) [23].
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¥ 256 uesn., nepenecuinx M 70 2007 1., 1 458
yeJs1. 6e3 M U3 KOHTPOJILHOH IPYIITBI ObLIN OTOOPA-
HBI 332 Yes. JJIA MOBTOpPHOro obciemoBanus (83 ¢
UM u 249 6e3 UM). ¥ HuX JiyTMHA TeJTIOMep ObLia u3-
MepeHa BTOPUYHO (IIOC/Ie TIEPBUYHOTO 00CIIEI0Ba-
Hud yun ¢ CC3 us yncna yuactaukoB MDC-CC mpo-
IILJTO B cpesiHeM 15.7 rozia (SD: 0.8)). 3areM ckopocTh
HCTOIIIEHUsT TeJIoMep Oblyla IMpOoaHATU3UPOBAaHA OT-
HOCHUTEJIbHO TPEX MapKepOB BO3PACTHBIX H3MEHEHUH
CEP/IEYHO-COCYTUCTOU cucteMbl: 1) IM B aHaMHe3E;
2) CBe/IeHUsA MalKreHToB 00 ucmosb3oBaHuu AI'TI Ha
MOMEHT Hauasia 00cjIeIOBaHUs; 3) MyJIbCOBOE JaBJie-
HHe (MM PT. CT.) HA MOMEHT Havyayia 00cJe0BaHUs
KaK IT0Ka3aTeJIb JKECTKOCTH apTEPUAIBHON CTEHKH.

HcenenoBanue ObLIO 000PEHO PETHOHATBHBIM
komuteToM 110 3THKe B JIyHze (LU 51-90, ¢ monoyHu-
TEJILHBIM O/I00pEHHEM IMOBTOPHOTO HCC/IEIOBAHUA B
pamkax MDC-CC, HaunHas ¢ 2007 T.)

Pezucmpayus cayuaes uHpapkma muoxapoa

IIpouenypa ycranosmenus UM yxe Gbu1a mof-
pobHo ommcana panee [23]. IM ompenesnsica Kak
JleTaJIbHBIN WY HeJleTaJIbHBIH, IN CMepPTh, BbI3BAH-
"ag UBC. Coyuyau M noATBep:KATNCH ¢ TIOMOIIIBIO
BBIABJIEHUSI 10-3HAYHOTO II€PCOHAJIBHOTO H/IEHTHU-
(prkanMOHHOTO HOMEpa KaKJIOTO IIBEZICKOTO Ipak-
JIAHUHA B JIBYX PEECTpax: IIBEICKOM PEecTpe BBIIIH-
cauHbx 60y1pHBIX (IIIPBB) u mBesickoM peectpe mpu-
yun cmeptu (IIIPIIC). UM ompezessiics Ha OCHOBe
MexayHapoaHoi kiaccudukauyu 601e3Hel 9-ro0 U
10-ro nepecmotpoB (MKB-9 1 MKB-10 — Ko/1bI 410 1
121) B IITPBB wu HIPTIC cooTBETCTBEHHO WJIH CMEP-
T Beseacteue UBC — konpt 412 u 414 (MKB-9) wiu
I22-123 u 125 (MKB-10) B HIPIIC. Kitaccudukarnus
HCXO/IOB C WCIOJIb30BAHMEM STHX PEECTpPOB ObLIa
MpeZIBApUTENIBHO TIOATBep:KeHa [24]. McciemoBa-
HHE ITPOXOJTAIIO JI0 31 /ieKabpsi 2006 T.

JlabopamopHble memoobl: usamepeHue OAUHbL
meaomep

IlepBuuHOE oOceoBaHUeE: 00PA3IBI KPO-
Bu B uccienoBanuu MDC-CC 6buTH TOSydeHBI B
1991-1994 TT., PPAKIHUHU IPAHYJIOIUTOB XPAHUIKChH
3amoposkeHHbIMU. V3Beuenrie JJTHK u3 6uosoruue-
CKUX 00pa3IioB MOHOHYKJIEAPHBIX KJIETOK ITPOBOHU-
JIM CTaHJIApTHBIMU MeTozAaMu. /[jinHa Tejiomep Hu3-
Mepsnack MerozoM I[P B peasibHOM BpeMeHHU ¢ UC-
M0JIb30BAaHUEM IIpaiMEPOB TeJIOMED M KOHTPOJIb-
HBIX TeHOB (0eTa-r;I00MHOB) B OT/IE/IbHBIX IIJIACTHHAX
[25, 26]. OTHOCHUTEJIBHASA JJTUHA TEJIOMED OIIPeIes-
eTcsl KaK OTHOIIIeHHE JJINHBI TeJIOMep K JUINHE TeHa
onuoi kormu (HBG, uenoBeueckuii GerTa-rio0OuH).
Bce 06pasiel ObLIN ITPOTECTUPOBAHBI TPYIKABL. J[y1s
OLIEHKU JJINHBI TeJIOMeP uctosb3oBaics AACt meTo

Of the 256 individuals with MI before 2007 and
the 458 control subjects free from MI until then, we
have re-screened 332 subjects (83 MI-cases, and
249 non-MI controls) from the MDC-CC baseline
investigation, after a mean of 15.7 (SD: 0.8) years
of follow-up and re-measured telomere length. The
telomere attrition rate has thereafter been analysed
in relation to three selected markers of cardiovas-
cular ageing: (a) MI case status; (b) self-report of
usage of antihypertensive drugs at baseline; and (c)
pulse pressure (mm Hg) at baseline, a marker of ar-
terial stiffness.

The study was approved by the Regional Ethics
Committee in Lund (LU 51-90, with additional ap-
proval for the re-screening of MDC-CC, starting in
2007).

Registration of myocardial infarction

The procedure for ascertaining MI events has
been detailed previously [23]. In brief MI was de-
fined as fatal or non-fatal MI or death due to isch-
emic heart disease. MIs were identified through
linkage of the 10-digit personal identification num-
ber of each Swedish citizen with two registries: the
Swedish Hospital Discharge Register (SHDR) and
the Swedish Cause of Death Register (SCDR). MI
was defined on the basis of International Classifi-
cation of Diseases 9™ and 10™ Revisions (ICD9 and
ICD10) codes 410 and I21 in the SHDR or SCDR,
respectively, or death due to ischemic heart disease
on the basis of codes 412 and 414 (ICD9) or I22-
I23 and I25 (ICD10) in the SCDR. Classification of
outcomes using these registries has been previously
validated [24]. Follow-up extended to December
31 2006.

Laboratory methods: Measurement of telo-
mere length

Baseline: Blood samples from the MDC-CC
study were obtained between 1991 and 1994, and
the granulocyte fractions were kept frozen. DNA
extraction from mononuclear cell preparations was
performed using standard procedures. Telomere
length was investigated by real-time PCR using telo-
mere-, and control-gene (B-globin) primers in sepa-
rate plates [25, 26]. Relative telomere length (RTL)
is defined as the relationship of telomere length to a
single copy gene (HBG, human beta-globin) length.
All samples were tested in triplicates. The AACt
method with a reference DNA was used for telomere
length evaluation and a standard curve was run on
each plate to monitor PCR efficiency. The mean in-
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¢ aTasionHbIM o0pasnom JITHK, u Ha kask/IoH 11acTu-
He ObLIa ITPOBeJIeHA CTaHIapTHAs KPUBAS JIJIsI MOHU-
topuHra s¢gdexrusHoctu ITIP. Cpenuuii koadbdu-
[FEHT BapUallMy MEXIY aHAJIN3aMHU, BHIIIOJTHEHHBIA
JIByMsI HCCJIEIOBATEISIMU B JIaOOPATOPUHU, COCTABIIT
3.96 %.

I[ToBTOpHOE OGCIEemOBaHUE: 0OPA3IBI KPO-
Bu B uccienoBanur MDC-CC 6bUTH TTOJTyY€eHbI B ITe-
PpHO7 € 2007 IO 2009 T. ¥ XPAaHWINCh 3aMOPOKEHHBI-
MH JI0 TeX 1op, noka JIHK He ObL1a n3BI€YeHa U3 JIei-
KOITUTOB IIeprdepruIecKoii KpoBu (n = 332) B 2009 T.
OAT usmepsiiach TeM Ke METOJIOM, UTO U IIPU Iep-
BHUYHOM 00CJIEJTOBAHHH, OJTHAKO UCIIOJIb30BAJIUCH HO-
BbI sTasoHHBIH obpazen THK (US1) u pasyinduHbie
aMIUTH(PUKATOPBI, MTOCKOJIBKY IOBTOPHBIE H3Mepe-
HUS TPOBOAWINCH B MaIbME, a IepBOHAYAIHHBIE U3~
MepeHHs — B YMeo. UTo KacaeTcs UCXOTHBIX IAaHHBIX,
TO Bce 0OpasIpl OBLUIN MPOTECTUPOBAHBI TPYDKIBI, U
Ha KaKJIOH ITIacTHHE ObLIa IIPOBEJIEHA CTaHapTHAs
kpuBasd. KoadduiiuenT Bapuanuy Mexxay aHainza-
MU, PACCUYUTAHHBIN /11 KOHTPOJIBHOU BBIOOPKH ITO
CTaHJIAPTHOU KPUBOH HA IIPOTSKEHUU BBITIOJTHEHUS
Bcex 111 P-tecToB, paBHsiIcs 19 %.

Cmamucmuueckue memo0dbt

CraTHCTUUECKUI aHAJIU3 TIPOBOJIUIICA C UCTIOJIb-
3oBaHueM SPSS 15.0 (cTaTHCTHYECKHUI [TaKeT JJIsd CO-
nuaibHbIX HayK, SPSS, Chicago, IL). Jliist mostyueHust
HOPMAJIBHOT'O pacIpe/ieJIeHus IPUMEH TN JIorapud-
MHYECKOoe IpeoOpa3oBaHue JAHHBIX 10 JIJTUHE TeJIO-
Mep.

ITockosbky ipu pacuére O/IT MbI HCIIOTB30BATH
pasyiuuHbIe CYyOTOIMYJISAIMHN KJIETOK IS JJabopaTop-
HOTO KOHTPOJISA, Y HaC He ObLJI0O BO3MOKHOCTH TOYHO
cpaBuuTh 3HaueHusa O/IT, mosydueHHBIE B XOJIE TIEP-
BUYHOTO ¥ TIOBTOPHOTO 00Oc/IeloBaHui. BmecTo 3TO-
TO MPY CPaBHEHHUS JIOTAPU(PMUYECKOTO pacIpesiesie-
uHust O/IT pu IEPBUYHOM M TIOBTOPHOM 00CJIEI0BA-
HHSIX HCIOJIB30BAJIaCh Z-CTATHCTHKA [27], cooTBeT-
CTBEHHO, ObLIa paccuuTaHa pasHura (Az-oleHKa)
JUIS KQKJIOTO yYacTHHUKA B KaUeCcTBE MapKepa OTHO-
CUTEJILHOTO U3MEHEHUS JJTUHBI TEJIOMEDP B TeueHHe
15 j1eT. CKOPOCTD UCTOIIEHHS TEJIOMED OIIPEJIENsIaCh
KaK pasHUIlA MEeX/y CTaH/[apTU3UPOBAHHBIM 3HaUe-
HHUeM (z-olleHKa) JsiorapudpMHUYECKH Tpeobpa3oBaH-
HOMH JUTHBI TEJIOMED TP IIEPBUYHOM 00CJI€ZI0BAHIH
(z-omenka, , ) ¥ CTaHJAPTU3UPOBAHHBIM 3HAYEHHEM
JorapudmMuyecKku IpeobpPa30BaHHON JIJIMHBI TeEJIO-
Mep IpU MOBTOPHOM 00c/Ie/loBaHut (z-OIeHKa, . ),
JleJIeHHas Ha YUCIIO JIET MEXK/Ty 00CIeI0BaHUSMHU.

[Ipu mpoBeZiIeHN Y MHOKECTBEHHOTO PETPECCHOH-
HOT'O aHAJIN3a CKOPOCTH UCTOIIEHUS TEJIOMED HCIIOJIb-
30BaJIach B KAUECTBE 3aBUCUMOM IIEPEMEHHOM, a B Ka-
YeCTBE HEe3aBUCUMBIX ITEPEMEHHBIX BBICTYIIHJIH Map-

ter-assay coefficient of variation evaluated for this
assay on human blood was 3.96 % when run by two
investigators in the laboratory.

Follow-up examination: Blood samples
from the MDC-CC follow-up were obtained between
2007 and 2009, and were kept frozen until DNA
was extracted from peripheral blood leukocytes
(n = 332) in 2009. RTL was measured by te same
method that was used for the baseline measure-
ments. However, a new reference DNA (“US1”) and
different PCR machines were used since the follow-
up measurements took place in Malmo while the
baseline measurements were carried out in Umea.
As for the baseline, all samples were tested in trip-
licates, and a standard curve was run on each plate.
Inter-assay coefficient of variation was 19 % cal-
culated on a control sample in the standard curve
throughout all the PCR-runs.

Statistical methods

Statistical analyses were performed using SPSS,
version 15.0 (Statistical Package for the Social Sci-
ences, SPSS, Chicago, IL). To achieve a normal dis-
tribution, log-transformed telomere length was used
in all analyses.

Since we used different subpopulations of cells
used for laboratory controls when calculating RTL,
it was not possible to directly compare RTL values
at baseline and at follow-up in individuals. Instead,
z-statistics [27] was used to compare the log-
distribution of RTL at baseline and at follow-up,
respectively, and the difference was calculated
(A z-score) for each individual as a marker of rela-
tive change in telomere length over 15 years. The
difference between the standardized value (z-score)
of the LN-transformed telomere length at base-
line (z-score ,, ) and the standardized value of the
log-transformed telomere length at the re-exam
(z-score ) divided by the follow-up time in
years was defined as the telomere attrition rate
[(z-score, ,, / z-score )/ follow-up time in years].

Multiple regression analyses were performed by
use of telomere attrition rate as the dependent vari-
able and markers of cardiovascular ageing (total MI,
use of AHT drugs, and baseline pulse pressure) as
the independent variables, adjusted for chronologi-
cal age, gender, and the baseline telomere length.

A p value less than 0.05 was considered to be
significant.

RESULTS AND DISCUSSION

A total of 332 subjects were investigated. Base-
line characteristics showed 69 % males, mean age
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KepbI BO3PACTHBIX UBMEHEHUH CEPJIETHO-COCYAUCTOM
cucrembl (cyyau UM, npumenenue AI'TI u ucxoiHoe
IIyJIbCOBOE ZIaBJIEHNE) C IIOIIPABKOM Ha BO3PACT, ITOJI 1

HCXO/IHYIO JINHY TeJIOMep.
3HaueHue p < 0.05 CYUTAIOCH 3HAYUMBIM.

PE3YJIBTATBI N OBCYKJEHUNE

Bcero B mccieioBaHUM yYacTBOBAIO 332 UeJL.
ITepBuuHOe o6cIenoBanue: 69 % My»KUNH, CPEIHUN
Bo3pacT 59.5 roga (SD = 5.1) u cpenusas OAT 0.65
(0.21). IIpu TOBTOPHOM 00CJIEZIOBAHUY CPETHEE 3HA-
yenne OJIT cocraBuio 1.37 (0.40), HA KOTOpOE II0-
BJIMSLJIO UCIIOJIb30BaHUE APYTOH METOI0JIOTHH, OCHO-
BaHHOH HAa WHOW MOMYJIAIUA KOHTPOJIBHBIX KJIe-
ToK. KNTMHMYecKre XapaKTepUCTUKN YIaCTHUKOB HC-
CJIe/IOBAHUSI UCXOJTHO M MPH MMOBTOPHOM CKPHUHUH-
re MpUBeAEHBI B Tabir. 1. V3 Bcex 83 mamueHTOB ¢
VM y 33 UM nipou3soliiest 10 Havasa UCCIel0BaHUs,
y 56 B mepuoy, NpoBeieHusA HCCIIe/IoBaHusA; 67 ma-
nuenToB npuHuMan AI'TI kK Hauasry uccaeoBaHus.
ITpu mepBUYHOM 00CJIEZIOBAHUU CPE/IHEE ITYIHCOBOE
JIaBJIEHUE COCTABJISIO 55.0 + 13.8 MM PT. CT.

Ha puc. 1 mokazaHo pacupeziesieHue Z-OIeHKU
IIpA TMEPBUYHOM U TOBTOPHOM OOCJIEZIOBAHUAX U
pasHUIla MEXIY U3MEPEHUSIMH, OTPaKAIoIIas YKO-
poueHue TesoMep (Az-O1eHKa).

IIpu mpoBesieHUHM MHOKECTBEHHOTO PETPECCHOH-
HOTO aHa/In3a ObLIO BBISIBJIEHO, UTO AZ-OIleHKa He3a-
BHCHMO KoppesnpoBaia kKak ¢ IM (p < 0.039), Tak u

59.5 (SD: 5.1) years and mean RTL 0.65 (0.21). At
follow-up mean RTL was 1.37 (0.40), as influenced
by use of a different methodology based on a differ-
ent control cell population. Baseline and follow-up
clinical characteristics are shown in Table 1. In all 83
subjects had an MI (prevalent at baseline 33, and/or
incident during follow-up: 56), and 67 subjects were
treated with AHT drugs at baseline. The mean pulse
pressure at baseline was 55.0 + 13.8 mm Hg.

In Fig. 1 are shown the z-score distribution at
baseline (z-score , ), at follow-up (z-score, ), and as
the calculated difference between measurements,
reflecting telomere attrition (Az-score).

When multiple regression analyses was applied,
it was revealed that Az-score was independently as-
sociated with both total MI (p < 0.039) and usage
of AHT drugs at baseline (p < 0.015), but not with
pulse pressure at baseline, after full adjustment
for chronological age, gender, and telomere length
at baseline (Table 2). Change in relative telomere
length in relation to trait (MI, AHT, pulse pressure)
is shown in Table 3.

In this population-based case-control study it
was shown that telomere attrition during 15 years
of follow-up in middle-aged and elderly subjects
was associated with two markers of cardiovascu-
lar ageing: total MI and usage of antihypertensive
drugs. This was based on the statistical application

Tao6suna 1. KiimHuueckue XapakTEPUCTHKY 332 YUYaCTHUKOB uccieioBanus (83 ¢ UM u 249 6e3 VIM) ipu IepBUYHOM U
MTOBTOPHOM uepe3 15.7 roa (SD: 0.8) obcnenoBanuu. Mecsienoanrie Malmo Diet and Cancer

Table 1. Clinical characteristics of 332 study participants (83 MI-cases, and 249 non-MI controls), at baseline and after
15.7 years (SD: 0.8) of follow-up. The Malmo Diet and Cancer Study

ITokasaresb / Variable

Cpennee 3Hauenue / Mean

IlepsuuHoe o6caedosaHue 1991—1994 22. / Baseline 1991—1994

Bospacr (roasr) / Age (years)
UM (n) / MI (n)
Ipuem AT'TI (%) / AHT drug use (%)

[TynscoBoe maBienue (MM pr. cr.) / Pulse pressure (mm Hg)

Inuna tenomep / Telomere length
Cpennee (SD) / Mean (SD)

z-oneHka / Z-score,
Cpengee; SD (nunanaszon) / Mean; SD (range)

59.5 (SD 5.1)
83

67

55.0 (13.8)
0.655 (0.207)

0.00 (1.00)
(-2.99; 2.55)

IToemophoe obcaedosarue 2007—2009 2z. / Follow-up 2007—-2009

JuHa tenomep / Telomere length
Cpengee (SD) / Mean (SD)

Z-OlleHKa / Z-score,;
Cpennee; SD (nuanaszon) / Mean; SD (range)

1.37 (0.38)

0.00 (1.00)
(-3.28; 3.38)

Pasnuya (A) / Difference (A)

Az-ouieHka / Az-score

Az-ouieHka (rozpi) / Az-score (year)

0.00 (1.23)
0.015 (0.785)
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Fig. 1. The distribution of z-scores at baseline (A), follow-up (B), and for calculated difference between baseline and
follow-up (C)
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Ta6uuma 2. MHOXKeCTBEHHBIH PErPECCHOHHBIN aHAIN3 ¢ AZ-OIIEHKOH JIJIMHBI TeJIoMep (pa3HUIla MEK/TY Z-OI€eHKOU IIPU
[IEPBUYHOM U [TOBTOPHOM OOCJIE/IOBAHUAX) B KAUECTBE 3aBUCHMON IIepeMeHHO# u npuemoM AT'TI uiu BceMu cirydasiMmu
VM B KayecTBe HE3aBUCHMBIX [IEDEMEHHBIX C YIETOM BO3PACTA, [10JIa U UCXOAHOH IJIMHBI TEJIOMED (Z-OI[eHKa)

Table 2. Multiple regression analyses with Az-score for telomere length (follow-up z-score minus baseline z-score) as
dependent variable, and antihypertensive (AHT) drug use or total MI as independent variables, adjusted for age, gender

and baseline telomere length (z-score, )

CranzapTHas omubka /

ITokazatesnp / Indicator Bera / Beta Std. error t p
Ipuem AI'TI npu nepguuHom 006c1e008aAHUL KAK HE3ABUCUMASA NePeMEHHAS
For AHT drug use at baseline (BL) as independent variable
KoncranTa / Constant —1.15 0.51 —2.24 0.026
ITon / Gender —0.008 0.094 -0.082  0.935
Bospact nipu nepBuuHOM obciiezoBanun / Age at BL 0.19 0.008 2.210 0.028
Z-Ol[eHKa IIPU TEPBUYHOM 0OcenoBanuu / z-score BL  0.623 0.043 14.40 0.001
IIpuem AT'TI / AHT drug use 0.264 0.107 2.45 0.015

Bcee cayuau UM, npoudowedutue k nepsutHoMy 00c1e008aHUI0 U 8 meueHue CpoKa mexcdy 00c1e008aHuUsIMU,
Kax Hezasucumasn nepemenmasn / For total MI at baseline (BL) and during follow-up as independent variable

KoncranTa / Constant —1.25 0.52 —2.43 0.016
ITos / Gender -0.17 0.094 -0.186 0.853
Bospact npu nepBuuHOM obciiezoBanun / Age at BL 0.021 0.008 2.458 0.014
Z-OlleHKa IIPU IIEPBUYHOM o0Ociiezioanuu / z-score B 0.620 0.043 14.28 0.001
ITo Bcem cimyuasim UM / Total MI 0.206 0.099 2.07 0.039

¢ mpuemom ATTI k Hauasty uccyiezoBanus (p < 0.015),
HO He C IIyJIbCOBBIM JIaBJIEHUEM HCXOJIHO. BiusiHue
OKa3bIBJIM TAKIKE TaKUE (PAKTOPHI, KAK BO3PACT, ITOJI
U UCXOAHAs JyiuHA TestoMep (Tabs. 2). VizmeHeHue
OAT B 3aBucumoctu ot ¢akropa (UM, mpuem AI'TI,
ITyJIbCOBOE JIABJIEHNE) IIPEJICTABJIEHO B TabJI. 3.

B manHOM HCcC/IeI0BAaHUY ITOKA3aHO, UTO YKOPO-
YeHUe TeJIOMED 32 15 JIET y JIUI] CPETHETO U TI03KUIIO-
ro BO3pacTa CBSI3aHO C JIByMsI MapKepaMH BO3pacT-
HBIX W3MEHEHUH CEPIEUYHO-COCYUCTOA CHUCTEMBI:
UM u npuemom AITI. /laHHBIN BBIBOJ] OCHOBAH Ha
Z-OllEHKE CPaBHEHWU JTMHBI TEJIOMED MEKJy Iep-
BUYHBIM U TOBTOPHBIM obciemoBanusamMu. Ocoboe
3HaUYeHHEe UMEeJIH He TOJIBKO BO3PAcCT U IT0JI, HO U HC-
XOJTHAs JIJTUHA TEJIOMEP, ITOCKOJIBKY JPYTHE TOIyJIs-
IIMIOHHBIE MCCJIEIOBAHUS IIOKA3aJIM BaXKHOCTH STOM
IepeMeHHOH B OINpEJEIEHUH CKOPOCTH UCTOIIEHUs
Tesiomep [16-18, 28].

of z-score comparisons between the distributions of
telomere length at baseline at follow-up. Of special
importance was to adjust not only for chronological
age and gender but also for telomere length at base-
line, as this has been shown to be of significant im-
portance in determining the telomere attrition rate
in other population-based studies [16—18, 28].

The use of total MI events as a marker of car-
diovascular ageing [29—31] might be questioned in
general terms, but as our subjects were all middle-
aged at baseline our prevalent MI-cases at baseline,
in addition to incident MI-cases during follow-up,
represent early manifestations of coronary heart
disease in relation to the substantially higher mean
age of MI-cases in the general population. We there-
fore believe that total MI in our cohort is a reliable
marker of early cardiovascular ageing, one manifes-

Ta6una 3. sMeneHre 0THOCUTEIbHOU bl TesioMep (O/IT)! 110 OTHOIIEHHIO K OIIPEIeIeHHOMY (HaKTopy
Table 3. Change in relative telomere length (RTL)! in relation to trait

®axkrop / Trait Beta p

Cnyuau nnoapkra® / Total MI2 0.206 0.039
ITpuewm AI'TI? / AHT drug use at baseline3 0.264 0.015
HcxonHoe mysibeoBoe naBienne / Pulse pressure at baseline 0.058 0.199

' Az-otuieHKa/cpok Mexy obcnenoBanusmu (er) / Az-score/follow-up time in years.
2 TIpou30LIeIINI /10 IEPBUYHOTO 00CIeI0OBAHMS UK OcsIe Hero (1o 31 mexabps 2006 r.) / Prevalent at baseline or incident during

follow up (until Dec 31st 2006).

3CorsiacHO aHKeTe WIX JINYHOMY JHEBHUKY HabitozeHui / According to questionnaire or diary book.
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Pacemorpenue Bcex ciaydaeB VM B kaue-
CTBE MapKepa BO3PaCTHBIX U3MEHEHHUH Cep/IeaHO-
COCYINCTOM cHCTEeMBI [29—31] MOKeT OBITH ITOCTaB-
JIEHO O/ COMHeHHe. BmecTe ¢ TeM Bce yJ4aCTHU-
KA B HaYaJie WCCJIEOBAaHUSA OBLIN JIIOJbMHU CPe-
Hero Bo3pacra — TakuM obpasom, ciayuaun UM kak
JI0 TIEPBUYHOTO 00OCJIeIOBAaHUsI, TAK U IIOCJTIE HETO
MIpeZICTaBIAI0T coboli paHHue mnpossienus WBC,
IMOCKOJIBbKY CPEJIHUM Bo3pact pa3putusa VUM B morry-
JIAIMY B 1I€JI0M CyIIleCTBEHHO BbIIe. [1o aTo¥ mpu-
4yrHe MBI cuuTtaeM, yro MIM B HalieMm ucciienoBa-
HUU SIBJISIETCS HAJIEKHBIM MapKepOM PaHHUX BO3-
PacTHBIX U3MEHEHUH Cep/IeYHO-COCYIUCTOU CHUCTe-
MBI, OZTHO U3 MIPOSIBJIEHUH KOTOPOTO — PAHHSASA Ma-
audecranus UBC.

Kpowme toro, npuem AI'll u mysbcoBoe faBiie-
HHE TPU MEPBUYHOM 00C/IeJOBAHUM HCIIOJIb30Ba-
JIUCh B KayeCcTBe IMOTEHIIUAJbHBIX MapPKEPOB paH-
HEro apTepUuaJibHOTO WJIM PAHHETO COCYUCTO-
ro crapenus (PCC), otHocumbIX K cuHzpomy PCC
[32]. IIpuem AI'TI y manueHTOB CpeJHETO BO3pac-
Ta B Havajie 1990-X TOJ0B MOXKET OBITh pacIieHeH
Kak MPU3HAK TUIEPTOHWH, UTO CaMO IO cebe sAB-
aserca mapkepoMm PCC. Poct mysnbcoBoro paBie-
HHsI OTPaKaeT BJIMSHUE MOBBIIIEHHONU apTepuaib-
HOI JKeCTKOCTH (yBeIuueHHasi CKOPOCTb IIyJIbCOBOM
BostHbI (CIIB)), XOTS 1 UBMepsAETCs C MEHBIIIEH TOU-
HOCThIO. K coxkasieHnio, HaM He XBaTaJjio JIAHHBIX O
skecTkoctu aprepuii u CIIB Ha mepBoMm 3Tare uc-
cienoBaHus. [loBbINIEHWE IIYJILCOBOTO JaBJIEHHS
JIEHCTBUTEIBHO OBLIIO CBS3AaHO C YKOPOUEHUEM Te-
somep (Az-o1ieHKa) MocIe KOPPEKTUPOBKH 10 BO3-
pacty u 1oJjiy, HO MocJjie KOPPEKTUPOBKU IO UCXO-
JTHOU JIJIMHE TeJIOMEep 3Ta KOPPEeJAIHs OKa3ajach
He 3HAUNMOH.

OrpaHuueHre HaIlero HCCIEOBAHUSA COCTOS-
JIO B TOM, UTO METO/IbI OTIPE/IEIEHU JJTUHBI TEJIOMED
MIpU TIEPBUYHOM U IIOBTOPHOM OOCJIEIOBAHUU OTJIH-
Jauch ApyT OT Jipyra. Bmecre ¢ TeM Ipu Z-OIleHKe
MBI IIPUMEHSIN HE3aBHUCHUMOE pacipezieJieHue st
JIAHHBIX JIByX STAllOB M3MepPeHuH. JTO, MO HAIIeMy
MHEHUIO, SIBJISIETCS HAJEKHBIM CIIOCOOOM IPeojio-
JIETh Pa3JINUUsA He TOJIbKO B IPUMEHAEMBIX METO/AX,
HO U PEIINTh MPoOJIeMy HCIIOIB30BAHUS HECKOJIBKO
PA3JIMYHBIX KJIETOYHBIX CyOIIOMYJIAIME IPH JIBYX U3-
MEPEHUSIX, MPOBEJIEHHBIX C 15-JIETHUM IPOMEKYT-
koM. IIpenpIayInme ucciieloBaHus MOKa3aJIn, YTO Ha
JUIMTHY T€JIOMED BJIUSIOT TAKKE XapAKTEPUCTUKH Pas3-
JIMYHBIX CyOIOMyJIANUN JIEWKOIUTOB [33], Hampwu-
Mep, 3apUKCUPOBAHBI PA3JIUUUSA B CUJIE CBA3U MEXKIY
JUIMTHOM TeJIOMEP U BO3PACTOM B MHOTOSIZIEPHBIX JIEH-
KOITUTaxX MO CPAaBHEHUIO C MOHOHYKJIEADHBIMU JIUM-
domuramu.

tation being early coronary heart disease manifesta-
tions (MI).

In addition, we used both AHT drug usage and
pulse pressure at baseline as potential markers of
early arterial or early vascular ageing (EVA), what
has also been referred to as the EVA syndrome [32].
A medical history of AHT drug usage in middle-age
during the early 1990’s could be taken as an indi-
cation of more or less longstanding hypertension in
mid-life, in itself a marker of EVA. Increased pulse
pressure is supposed to reflect the influence of in-
creased arterial stiffness (increased pulse wave ve-
locity, PWV), however measured with less precision.
Regretfully we lacked data on arterial stiffness and
PWYV at the baseline investigation. Increased pulse
pressure was indeed associated with telomere attri-
tion (Az-score) after adjustment for age and gender,
but when also adjustment for telomere length at
baseline was introduced to the model, this associa-
tion turned non-significant.

A limitation of our study was that we were de-
pendent on two somewhat differing methodologies
to determine telomere length at baseline and at fol-
low-up. However, by use of the z-score methodology
we have used the independent distribution at the
two measurements. This, we believe, is an accurate
way to handle differences not only in the method-
ologies applied but also the potential problem of us-
ing slightly different cellular subpopulations at the
two time-separated measurements. Previous stud-
ies have shown that telomere length is also influ-
enced by characteristics of various subpopulations
of white blood cells [33], e.g. recorded differences
in the strength of the association between telomere
length and chronological age in poly-nuclear leuko-
cytes versus mononuclear lymphocytes.

Another limitation is that we could only include
survivors during 15 years of follow-up and with no
intermediate determination of telomere length.
Therefore, subjects with more serious coronary heart
disease (leading to fatal MI) or more severe hyper-
tension could have been lost to follow-up. Finally,
we did not include data on baseline cardiovascular
risk factors, early atherosclerosis, inflammation,
lifestyle variables or social factors for adjustments,
even if such factors could be associated with telo-
mere length [34—38]. Methods for determination
of telomere length are constantly debated [39, 40],
but as it has been shown that telomere length may
predict mortality [41] there is still reason to believe
that telomere length [42], as well as telomere chang-
es [43], could represent aspects of cardiovascular
pathophysiology of great biological importance.
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Eme olHUM OrpaHUYEHHEM HAIIETO HCCIIEN0-
BaHUs ObLIO BKJIIOUEHUE B HETO TOJIBKO TEX, KTO HE
yMep B TEUEHHUE 15-JIETHETO IEPHUOJIA MEXKTy 00CIIe-
JIOBAaHUAMH, 2 TAKXKE OTCYTCTBHE ITPOMEKYTOYHOTO
omnpezieNieHus JIUHBI TesioMmep. [1o aTod mpuuuHe
He BBDKUBIIIHE TAIIUEHTHI ¢ Tskeson dopmoit UBC
WIN TUIIEPTOHUY HE CMOTJIA yYacTBOBATh B IIOBTOP-
HOM oOcsieoBaHuu. HakoHell, B X0/ie aHAIU3a MbI
HEe HCIIOJIb30BAJIN JIaHHbIE 00 UCXOIHBIX CEPAEUHO-
COCy/TUCThIX (haKTOpaxX PUCKA, pAaHHEM aTepPOCKJe-
po3e, BOCHAJIUTENIBHBIX Ipolieccax, oOpase Ku3-
HU WIN COITUAIBHBIX (haKTOpaX, XOTs BCE OHHU MO-
T'yT OBITHh CBSI3aHBI C JUTMHOU Tesomep [34—38]. Me-
TO/IbI OIIPEJIEJIEHUS] JIUTUHBI TEJIOMEP MTOCTOSTHHO 00-
cykpamres [39, 40], HO OCKOJIBKY U3BECTHO, UTO
JUIHA TeJIOMEpP MOXKET OBITh IPETUKTOPOM CMEPT-
HOCTH [41], BCe ellle eCTh OCHOBAHUS I10JIaraTh, YTO
JUTMHA TesloMep [42] u ux ucromienue [43] npen-
CTaBJIAIOT KpaliHe BasKHbIe OMOIOTHYECKUE aCITEKThI
Cep/IeYHO-COCY/IUCTOHN MaTO(PU3HUOTIOTHH.

3AK/IIOUYEHUE

B rpynme ¢ UM ¥ KOHTpPOJIBHOM TpyIilie ObLIa
BBISIBJIEHA CBSI3b MEXK/y HCTOIIEHWEM TeJoMep 3a
Mepuoy; 15 JIET MeXAYy OOC/IeOBaHUSIMH W TaKHU-
MW MapKepaM{d PAaHHUX BO3PACTHBIX H3MEHEHUH
CepAIeYHO-COCYTUCTOU cucTeMbl, Kak M u mpuem
AT'TI, SBJISIOIMUMUCS MPU3HAKAMU JIJTUTETLHOU TH-
IIEPTOHUU B CPEJHEM BO3pacTe. ITO CIIOCOOCTBYET
IIOHUMAaHHUIO TOTO, UTO CEP/IEYHO-COCY/IUCTHIA PUCK
B acrekTe OUOJIOTHU TeJIoMep [44, 45] ciemyer usy-
YaTh ¢ IOMOIIbIO TOBTOPHBIX U3MEPEHUH JIJIMHBI Te-
soMmep [46—49], He ToyIarasch JIUIIH HA TIEPEKPECT-
Hble 00CJIeZIOBaHUs WIN HA €IUHOXK/IbI MPOBEIEH-
Hble u3MepeHHs. Ellle MHOTO acleKTOB OHOJIOTUH
TEeJIOMEpP M UX CBS3U C COCYUCTOU IATOJIOTUEH Tpe-
OyeT maJbHENIITHTO U3YYeHus [50].
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