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ABSTRACT

This study aimed to systematically review the association between cardiorespiratory fitness and telomere
length (TL). Studies were identified from searches in Cochrane Central, PubMed, Scopus, Sportdiscus, and
Web of Science databases through July 2019. Eligibility criteria included: cross-sectional, prospective, and
experimental study design; outcomes included TL; results expressed the relationship between cardiore-
spiratory fitness and TL; studies published in English, Portuguese, or Spanish. A total of 20 articles met the
inclusion criteria. Sixteen studies (80%) reported a significant relationship between cardiorespiratory fitness,
or training load, and TL. Better cardiorespiratory fitness or a large cardiorespiratory training load are
associated with an increase in TL. Although, TL was related to regular moderate-to-vigorous aerobic exercise
and cardiorespiratory fitness in older healthy humans, it was not related to cardiorespiratory fitness among
young subjects. There seems to be a positive and significant relationship between cardiorespiratory fitness
and TL, mainly among middle age and older people, which emphasizes the importance of cardiorespiratory
fitness for healthy ageing. Therefore, endurance exercise and better cardiorespiratory fitness may regulate
the TL in middle age and older adults, slowing the cellular ageing process.
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Introduction increased physical activity, which is independently asso-
ciated with health (Imboden et al., 2018; Lin et al.,, 2015).
Additionally, cardiorespiratory fitness is associated with oxi-
dative stress biomarkers (Shammas, 2011). As oxidative stress
can accelerate telomere attrition, and physical activity has
been inconstantly related to TL, it is meaningful to investi-
gate the relationship between cardiorespiratory fitness and
TL. Some studies have pointed towards a positive relation-
ship (Krauss et al., 2011; LaRocca et al., 2010; Mason et al.,
2012), however this evidence was never synthesized or sum-
marized in a review. Thus, the aim of this study was to
systematically review the association between cardiorespira-
tory fitness and TL. Although a previous study has system-
atically review the relationship between TL and physical
activity, concluding that it remains an open question
(Mundstock et al., 2015), this is the first study to system-
atically review the relationship between cardiorespiratory
fitness and TL.

Telomeres are the region at the end of each strand of deoxyr-
ibonucleic acid (DNA), functioning as caps, which maintain
genome stability. Telomeres are essential to protect vital infor-
mation in the DNA and prevent undesired chromosomal rear-
rangements (Eisenberg, 2011; De Lange, 2009). Telomeres play
a vital role in health, as their length is associated with several
chronic diseases, such as cardiovascular diseases (Fyhrquist &
Saijonmaa, 2012), diabetes (Zhao et al., 2013), psychological
disorders (Zhang et al., 2014), and cancer (Ma et al., 2011).
Human cells are constantly copying themselves, and each time
a cell copies itself telomeres shorten (Eisenberg, 2011). Therefore,
as people age, telomeres are naturally shortened. Telomere length
(TL) is associated with cellular ageing and can represent biologic
age (Arsenis et al, 2017). With the shortened telomeres, DNA
strands eventually become damaged and cell senescence or apop-
tosis is induced (Eisenberg, 2011; Oeseburg et al,, 2010). Even
though telomere shortening is a natural ageing process, it can be
accelerated by other factors that promote oxidative stress and
inflammation (Houben et al, 2008; Wolkowitz et al., 2011).

Sedentary behaviour is known to increase the body’s oxidative Methods

stress. Regular physical activity seems to improve antioxidant
activity (Bjork et al., 2012; Gomes et al.,, 2012) and inflammatory
balance (Kasapis & Thompson, 2005; Nimmo et al., 2013).

More substantial than physical activity, is its effects on the
organism. Better cardiorespiratory fitness is an outcome of

This systematic review was performed in accordance with the
Preferred Reporting Items for Systematic Reviews and Meta-
Analysis (PRISMA) guidelines (Moher et al., 2009), and the associa-
tion of Physical Activity and Academic Performance Protocol for
Systematic Reviews and Meta-Analysis (Alvarez-Bueno et al., 2016).
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Search strategy

During August 2019, studies were identified by searching, in
electronic databases, for peer-reviewed articles published up to
July 2019. The search was applied to Cochrane Central, PubMed,
Scopus, Sportdiscus, and Web of Science. Additionally, the refer-
ence lists of included studies were searched. Articles that
assessed the relationship between cardiorespiratory fitness and
TL were included in this review. The search was performed using
the following combination of terms: fitness OR endurance OR
cardiorespiratory OR aerobic AND telomere. Search terms were
defined among the research team and were used in each data-
base to identify potential articles with abstracts for review. Two
reviewers worked independently and screened titles and
abstracts to identify studies that met the inclusion criteria.
Duplicate entries were removed. Relevant articles were retrieved
for a full read. The same two authors reviewed the full text of
potential studies, and decisions to include or exclude studies in
the review were made by consensus. Disagreements were solved
by consensus and, when necessary, a third reviewer served as a
judge.

Inclusion criteria

Source articles published up to July 2019, in peer-reviewed
journals, were eligible for inclusion if they presented the rela-
tionship between cardiorespiratory fitness and TL. Eligibility
criteria included the following: (1) cross-sectional, prospective,
and experimental study design (study design criterion); (2) out-
comes included TL (outcome measure criterion); (3) cardiore-
spiratory fitness and TL (relationship criterion); (4) young, adults
and older adults (participants criterion); (5) articles published in
English, Portuguese, or Spanish (language criterion); (6) articles
were excluded if they did not meet inclusion criteria or did not
include findings related to the inclusion criteria (exclusion
criteria).

Data extraction and harmonization

A data extraction form was developed, based on PRISMA state-
ment (Moher et al., 2009). The following information was extracted
from each article: authors’ name and year of publication, study
design, sample characteristics (number of participants, sex, age),
country, tissue or fluid and method of TL evaluation, methods of
cardiorespiratory fitness evaluation or training load, study quality,
and main results. The extraction was carried out by one author, and
coding was verified by other two authors.

Study quality and risk of bias

The methodological quality of the studies was assessed by two
independent researchers using the Physiotherapy Evidence
Database (PEDro) scale. Agreement between reviewers was
assessed using k statistics (k = 0.96) for full-text screening and
rating of relevance and risk of bias. In the disagreement about
the risk of bias, a third reviewer checked the data and made the
final decision. A data extraction form from Cochrane Consumers
and Communication Review Group’s data extraction template
(Group CCCR, 2016) was modified to this review's study inclusion
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requirements and tested on ten randomly selected studies (pilot
test). The quality of the included studies was assessed with a total
score ranging from zero to 11.

Synthesis of results

The review analysed the relationship between cardiorespiratory
fitness and TL. Significant heterogeneity existed within study for
several study parameters. These parameters included: the parti-
cipant characteristics, tissue or fluid used to analyse telomeres,
method of TL evaluation, and methods of cardiorespiratory fit-
ness evaluation. The details for each study, including design,
measures, participant characteristics and sample size, and study
quality and results are presented in a consistent manner.

Results
Search results

Ninety-seven articles were yielded from five databases. Three
additional studies, that were found as references in the
retrieved articles, were also included. After excluding 55 dupli-
cated articles, 42 were selected for abstract reading. Of those,
nine articles were excluded at the abstract level. The remaining
33 articles were read in full. Among these, three were excluded
because they utilized animal samples, four were not empirical
studies, and six did not report the association between cardior-
espiratory fitness and TL. Therefore, 20 articles were included in
the systematic review (Figure 1).

Table 1 summarizes the study’s characteristics. The review of
20 studies accounts for 9705 subjects, and research was predo-
minantly from the United States of America (7 studies), and
Europe (6 studies). The rest of the studies were from Australia
(3 studies), Brazil (2 studies), South Africa (1 study), and South
Korea (1 study). Among the studies, 13 were cross-sectional,
observational and comparative studies, four were randomized
control trials (RCT), two were cross-sectional observational, and
one was cross-sectional and prospective. The most frequent
method to assess TL was polymerase chain reaction (PCR) (12/
20), followed by Southern blot (3/20), flow-fluorescence in situ
hybridization (FISH) (2/20), terminal restriction fragment (TRF) (1/
20), fluorescein isothiocyanate (FITC) (1/20), and repeat copy
number/single-gene copy number (1/20). The most frequent
method used to evaluate cardiorespiratory fitness or training
load was through a maximal graded treadmill or cycle ergometer
test to estimate VO2 max consumption. However, some studies
did not assess objectively the cardiorespiratory fitness level
because the subjects were experienced endurance athletes (e.g.
ultramarathon runners, runners who run =40 km/week).

Main findings

Sixteen studies (80%) reported a significant relationship
between cardiorespiratory fitness, or training load, and TL
(Borghini et al.,, 2015; Denham et al., 2013, 2016; Diman et al.,
2016; Edwards & Loprinzi, 2017; Krauss et al., 2011; LaRocca et
al.,, 2010; Mason et al,, 2012; @sthus et al., 2012; Puterman et al.,
2018; Silva et al., 2016; Soares-Miranda et al., 2015; Sousa et al.,
2019; C Werner et al., 2009; CM Werner et al., 2019; Williams et
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Figure 1. Flow diagram of study selection.

al., 2017). Better cardiorespiratory fitness or a large cardiore-
spiratory training load are associated with an increase in TL.
Among those studies, it was observed that TL is related to
regular moderate-to-vigorous aerobic exercise and cardiore-
spiratory fitness in older healthy humans, but it is not related
to cardiorespiratory fitness among young subjects (LaRocca et
al., 2010; @sthus et al,, 2012). In one RCT study (Mason et al.,
2012), at baseline, TL was inversely associated with age and
positively associated with VO2max. However, compared to
controls, there were no significant changes in TL over 12-
months in intervention groups.

Three cross-sectional comparative studies (Denham, 2017;
Mathur et al., 2013; Rae et al., 2010), and one RCT study (Shin et
al., 2008) did not find any statistically significant association
between cardiorespiratory fitness and TL. Yet, one of those
studies (Rae et al., 2010) showed that the telomere terminal
restriction fragment length of the athletes who used to run
>40 km/week was negatively correlated to their years of dis-
tance running and the time spent training.

Discussion

The current review summarizes studies published up to July 2019
that meet the defined criteria. Twenty studies that used different
study designs were systematically reviewed to address the rela-
tionship between cardiorespiratory fitness and TL. In general, it
was found that TL was better preserved in endurance-trained
people and among those with better cardiorespiratory fitness.
However, in four studies the TL was not associated with endur-
ance exercise and fitness parameters such as VO2max. Thus, the

Records identified through database
searching (n=97)
£
‘5 Cochrane Central (n=9)
= PubMed (n=18)
‘é Scopus (n=27)
= Sportdiscus (n=7)
Web of science (n=33)
Other sources (n=3)
» Duplicates removed (n=55)
o0 v
=
'5:: Records screened for title/abstract
2 (n=42)
@
. | Records excluded at title and abstract level
" (1=9)
z, y
= .
= Full-text articles assessed for
50 s -
= Bligbiling (r=c8) Full-text articles excluded, with reasons
(n=13):
— Study with animals (n=3).
| =Notan empirical study (4).
Y — Association between cardiorespiratory fitness
2 L . L and telomere length not reported (n=6).
= Studies included in qualitative
% synthesis (n=20)
=
[C=i

evidence suggests that cardiorespiratory fitness is an important
outcome of the physical activity that might be important to
preserve TL, but it is still an open question that needs more
research in order to be clarified.

In most studies, middle age or older habitual runners, and
people with better cardiorespiratory fitness, had longer telomeres
than less-trained individuals (LaRocca et al., 2010; Sousa et al.,
2019). In one study with young adults and middle age adults, it
was observed that middle age runners had longer telomeres than
age-matched controls (Sousa et al., 2019). However, the untrained
middle age group had shorter telomeres than young untrained,
and there was not differences between young untrained and
middle age runners. It seems that cardiorespiratory fitness is
more important for TL preservation among middle age and older
adults than among young adults (LaRocca et al., 2010). In fact, TL
and its attrition over time is variable among people, but it is
relatively stable from childhood to adulthood (Oeseburg et al,
2010). This can explain the inconsistent results observed among
young adults (LaRocca et al., 2010; @sthus et al.,, 2012; Sousa et al.,
2019). Perhaps, TL in young adults have not yet experience attri-
tion, but will be affected by the reduction of telomerase activity
associated with sedentary lifestyle (Arsenis et al., 2017). The posi-
tive association of TL and active lifestyle indicated that it is a
biomarker of healthy ageing (Njajou et al., 2009). Nonetheless,
even among young adults some studies have shown that cardior-
espiratory fitness can also be important in preserving TL (Borghini
et al, 2015; Denham et al., 2013, 2016; Edwards & Loprinzi, 2017; C
Werner et al.,, 2009; Williams et al., 2017).

Although cardiorespiratory fitness seems to be important to
resist telomere attrition and attenuate biological ageing, it has



JOURNAL OF SPORTS SCIENCES 1693

(panup3uod)

's)inpe 1ap|o passans A|ybly ‘aandeul
Asnoinaud ui Buiueny aspIaxa Alojelidsalolpied Jo syeam

‘fypeded jewixew

onel

BJLISWY JO S9181S PItuUN 'v'9 F €°€9
|0J3U0D /G F €'65 951249%d A10jeuidsalolpied :2by
"USWIOM GG “UBW €| ‘(]03U0D € “asIDI1axa Klojesidsalolpied

- 19)e 19buo| Ajpuedyiubis a1am 71 1eY) panIasqo sem 3 (+) ol 1e 159} 3sJaxa Areuowndoipie)  S1/4Ddb ‘poojq oYM #€) 89 “(SBWII G 03 ¢ IIM/UIW OE ‘YA JO SYadM-+7) 104 810TZ “|e 19 uewaind
“11 XewzOoA KemioN ‘vt F 8'69 S319|yie-uou p|o ‘6’7 F 769 saId|yie
U99M]( UOIBIDOSSE Ue punoy jou sem )i ‘sjdoad bunok PIO ‘£'T F 9°€T S919|Yie-uou bunok ‘9’0 F ¥ SaI|yie
u| 's313]y3e-uou dnolb abe awes ay) ueyl sa1d|yie Ip|o Jaquinu Adod HunoA :aby "sa19]y1e dueINPUS UM JIP[O Q| JO INO
Ul panasaid 42119¢ Sem ] 1Byl punoy Sem 1| ‘XewgQoA pue *19sAjeue-seb Jaquieyd duab-a|buls/idaquinu G pue synpe bunoA g 40 1no g ‘(pjo 0| ‘synpe bunoA o)
ol1eJ G| U3IMIDQ UOIIRIDOSSEe dA1ISOd B Sem Iy} ‘||eIanQ (+) S Buixiw 3|genod e pue 31s3) [|lwpeas] £dod jeadas ‘apsnyy udw Oz “Apnis dAIzeIRdWOD ‘|RUOIIBAIISTO ‘[RUOIIIDS-SSOID) Z10Z “Ie 1 SnYIsg
‘y1bua) "BOLIBWY JO S31BIS PAUUN G F GG AIRIUdpas ‘& F +S
3I3wo|3} 31kx0|nueib pue aykroydwA| pooiq |esayduad 'SSaUIY "HSHH $913|Y3e 3By UIWOM €| ‘UBW G| ‘(A1RIUBPaS /| ‘S9Iv|YIe
pue Xew zOA US3M1SQ UOIIRIDOSSE OU Sem 3I1dy] (F) v Ki01eaidsalolpied paseq-||iwpeas) 91£>0ydwiA| poolg G1) 7€ *Apnis 9AneIedWOD ‘|eUOIIRAIISCO ‘|RUOIIIFS-SSOID) €102 “|e 1 Inyiepy
"eJ1IdWY JO SIRIS AU "Siedk G/
—-06 9buel 3By *(£8 |0J3U0D ‘£ | | 9SIDIIXI+IDIP ‘£ | | 9SIDIIXD
'sdnoib uonUIAISIUI Ul SYIUOW-Z | JIA0 | 33A003N3| Ul 51qoJae ‘g | 1043u0d JybIam Alelalp) USWOM 53O Jo
sabueyd juedyiubis ou a1om 313y} ‘s|os3uod 0y pasedwo) (F) 1yb1amIano g oam/skep G ‘9458-0/ JO d1ei Leay 1ab.el
XBWZOA Yum pajerdosse Ajaanisod pue abe e 1e 3s1249%3 ANSuduI (SLIW #=) SnosobiA-03-21eI9pow
YUM paieposse A|9sIanul sem 1 91450%n3| ‘auljdseq 1y (+) 8 159} ||lwpeas) papelb jewixely  YHdb ‘s91£>03N3| poojg  JO ulw Sf Sem [eob UoIIUBAIRIUL BSIDISXD Y] “(YIuow-71) 1 DY €107 “|e 12 uosepy
"eJLRWY JO S3)RIS PauN BulsDIaX3 JAPIo 7 F 79
'sp3fgns ‘I ¥ 9 A1eyuapas 4apjo ‘| F Lz buisidiexe bunok ‘| F €7
Bunok buowe as121axa Aiojesidsalolpied 0} pajedl *Apeded K1e1U3pas BuNoA 9By "USWOM €7 ‘UdW ¢ ‘(BulsDIaxa
10U s 7] ‘suewny Ayyjeay Jap|o ui ssauly Aiojelidsaiolpied 9S12J9X3 J1GOJIL [BWIXBW JO dINSesaw 10|q uldYINos  Ajleniigey /| pue bunoA g ‘A1eyuapas Japjo G| pue bunok
pue 351219%3 J1qoJae snotobia Jeinbas 0} parejas st 11 (+) %  SB pasn 3sIDIaXd paseq-||iwpeal] !s91£003n3| poo|g G1) “£S "Apnis aA1eJedwod ‘|eUOIIRAISSCO ‘|RUOIIDAS-SSOI)  OLOT ‘[ 39 eddoYeT
"eDLI3WY JO s33elS PauuUN ‘(0L F €9 ¥d Ybiy ‘0L F 89
‘9seasip 1eay A1euolod 3|qels Vd d1eJapow ‘|| F |/ Yd Mo] :9by ‘uswom gg| ‘usw 98/
yum syuaned jo uonendod e ur yibus| aiswola) pue 'SSsaUIY ‘(Vd Yb1y L8E ‘Vd d1e1opow HE€€ ‘Yd Mo| 677) stuedpiied
ssauly |edisAyd uaamiaq uoneosse buoils e punoy sem | (+) S Kioyesidsalolpied paseq-||iwpeal| ones S1/4ddb 76 “Apn1s aAileIedWOD ‘|eUOIIBAISSCO ‘[RUOIIIDS-SS0I) 1 LOZ “|e 19 ssneuy
"edLIBWY JO 311G pPatun “sieak (64
“11 buinsasaid ur Juenodwi 'SSaUIY onel —0¢ 3buel) £-¢€ 9By "UBWOM 616 ‘UBW 616 ‘suedidinied /10T
aq Aew 4y 11 19YBIY yum pajeosse sem 4y Jonag (+) 1A Kioyesidsalolpied paseq-|llwpeal]  S1/4Dd ‘Poojq 3JoYym 8981 "Apn1s aAeIRdWOD ‘[RUOIIRAISSCO ‘|RUOIIIDS-SSOI)  ‘lzulido 1§ spiemp]
‘buiabe
1sutebe 139304d Jybiw 3sDI9xd 1eyy eapl ayy poddns
e1ep siy] ‘saisdoiq ajpsnwi [e1a|aYs Ul S|aA3| YNY buluieluod *1919wobJd 324> e uo pawlopad ‘wnib|ag "9'0 F 0z 96y "usw aAde A|31esapow
—1eadaJ J1I9WO[9) PAsealdUl 3SIDIAXS dduRINPUD BulPA) (+) 9 1591 3S|DIIXD [RIUSWDIDUI [RWIXEN onel §1/4dd PPSny pue Ay1jeay o "Apnis |eUOIIBAIISUO ‘[RUOIIIDS-SSOID) 9107 “|e 19 uewiq
‘BIleNISNY (66 F £'67 S|0JIU0D dAIDE A||eUOIIeaIdI
'siskjeue fieuownd eiA 153} ‘6'6 F L'TE S919|Yie durINPUD 90y ‘USWOM |7 ‘Udw
"XeWZOA Se yans sia1owesed asip1axd 1919Wo0bJ3 3241 Jo ||Iwpealy papelb €9 /(5]013U0d dA1IR AjjeUoIRRIIRI O ‘S9ID|YIR dURINPUD
pue 351219X3 9dURINPUS YUM paleldosse Jou sl 11 DG (F) 9 Jewixew e ybnosy) passasse sem 44 onel s1/47d Hgd ¥¥) ¥8 “Apnis aAeIedWOD ‘|RUOIIBAISSO ‘|RUOIIDAS-SSOI) /10T “|e 39 weyusq
xew "eljesIsny (9°0L F £'8T S|043U0D dAIDE Ajjeuoiiealdal
ZOA Jouadns pue a1l 1eay builsal Jamo| yum pajeldosse 'siskjeue fieuownd eia 153} ‘LL F €€ S9I9|Yle dueInpu? 96y ‘USWOM 67 ‘UdW
3q 03 Jeadde sasawo|a} 334>0%Nn3| Jabuoj| ay] "yibua) 1919WO0b13 3241 Jo ||Iwpealy papelb ones S| €6 ‘(S]043U0d dA1IR AjjeuolIeaIdR |9 ‘SIDYIR dURINPUD
$9I9WO[3) 93£00)N3| panIasald aAey s913|yie dueInpuT (+) 9 Jewixew e ybnosy) passasse sem 44D /4dd ‘s91£003n3| poolg 19) gzl “Apnis aAireIRdWOD ‘|RUOIIRAISSUO ‘[RUOIIIDS-SSOI) 9107 “|e 39 weyuaq
-9be [ed2160]01q Ul 9dUIRYIP SIBIA €0 F €91 0L
S9)e|SUBJ) UOIIRIDOSSE SIY} JO dpnHubeW 3y] 'S10308) Ysu 's1eak oM} Jo wnwiuiw ‘eljeIsNyY ‘7’6 F 8'Th
J1e|nJseAolpJed Joj Juswisnipe Jaye juedyiubis paurewsi e 10} paulel) pey pue yaam Jad $]0J3u0d AIRIUBPSS ‘76 F 9'EP SIID|YIe Uoyleieweln
DUIRYIP Y] 'sishjeue pajsnfpe-abe ul sjos3u0d ueyy wsj 00L—0% JO ddueISIp olel §1/4dd ‘pooiq 9By *(S|013U0D A1RIUDPIS 9F ‘SA13|YIe UOYIelewelyn /9)
$9I9WO|3) J36UO| %1 | pey Siduuni uoyielewelyn ay] (+) 9 Bujules} abeiane siauuni uoyiesewesd|n -9loym [esayduad  uaw €| “Apnis sAzeIedWOD ‘[RUOIIBAIISTO ‘|BUOIIIFS-SSOL) €107 “|e 19 weyudq
‘uoie ] pasealnul yum ‘AeY| °S’6 F 6°SP S|0JIU0d
S1294J9 |eIUSWIIDP 0) PAYUl| 18 $2INSOAXD SWIIXD dINde “oam Jad wy 65 JO ddURISIP KIRIUBPIS ‘T°6 F ¥'SP S9I9|Yle duURINPUI D6y "USWOM
‘19AaMOH ‘Bursbe |edibojoiq buirenusiie 1 uo s19yd Bujuiesy abesane ue yum sisuuni €1 pPue UaW @ ‘(0430 AIRIUSPIS 7f ‘SIID|YIe ddURINPUD
aA1d3304d apirold Aew Bujuiesy adueINpUd dUCIY) (+) 9 pacuaLadxd 2I9M $313|yle dueInpul ol1el §1/4d ‘ealfes 027) 79 “Apnis aAeIedWOd ‘|RUOIIRAIDSAO ‘|RUOIIIS-SSOI)  SLOTZ “|e 39 lulybiog
synsal utepy «Aujenb peoj buiutes 1o S9I3WO|3) A1unod “(abe ‘xas ‘u) 921n0g
Apnis  ssauly Kiojesidsalolpied Jo uopen|en] JO uoneneas jo sonsyeeleyd ajdwes ‘ubisap Apnig

poyaw ‘piny Jo anssi|

'S}NS3J UleW pue ‘SaIpNIs ay3 Jo solsualdeIey) *| 3|qe]



1694 A. MARQUES ET AL.

*3|eds (01Q3d) dseqeieq ad>uapiag AdesayioisAyd 01 buipioddy ,
*(ZOA BunSal pue ZOA [BWIXBW USIMIQ 3DUBIAYIP) dAIDSAI OA ‘Y ZOA
oINS 219WO[9} ‘S] uswbely UONDLISI [euIwR) ‘441 ‘YIBUS| 219WO[R) “T1 ‘|e} [041U0D SZIWopuel ‘| JY ‘uoideal uteyd asesswAjod-aaineinuenb ‘YHdb ‘uonoeal ureyd asesswiAjodydd ‘s||93 Jeappnuouow poojq |essyduad
IINGd ‘Auande [edishyd ‘vd ‘Auande [edisAyd snotobia-01-a1e1apowl ‘AN ‘SIU3|eAINDS dijogelaw ‘s A ‘UOIIRZIPLIGAY NS Ul 92UIISION|J—MOY) ‘HS|4 ‘21eUrAI01Y10S] UISISI0N| ‘D114 ‘SSauly A1oieiidsalolpied 4y suoleinsIqqy

‘uey04d

9AIIIRAI-) pue ‘|aAd] AlAnde [edisAyd ‘uondwnsuod

Joyod|e ‘Bupjows “31p ‘uonisod JIWOU0II01D0S

‘xapul ssew Apoq ‘xas ‘abe 1o} paisnfpe sjppow ul ssauly
Kio1eaidsalolpaed 1aybiy yum pareposse sem ) 19buoq (+)

1L PUB AJIAIDR 3SRIBWOIR) Pasealdul ‘Bujulel) aduelSIsal
10U Inq ‘Bujuresy jeaaiul pue Buiulesy adueinpuy (+)

'sa)9|y1e
pabe-3|ppIw Ul UOISOIS SISWOJS] JO UOfenuS1Ie ue
0} spes| 3512193 A101el1dsaI0lpIed SNONURUOD Wid)-buoT (+)
"siauuni
obe 3|ppiw pue paulenun Bunok usamlaq saduIYIP
10U sem 3y "sisuuni bBunoA ueyy sa1swold) JaLoYs
pey dnoib abe 3jppiw paulesun ay] ‘s|0Ju0d paydlew
-abe uey sasswola) Jobuo| aney sisuuni abe |ppIN(+)
1L Ul S9BbUBRYD Ul SIOUBIBYIP YHUM pajeldosse
3Je {4 pue yd ul sabueyd ‘sasAeue saandadsoud uj
“1L 49buo| yuM pajeId0osse ale aduewopad 159} Jleyd pue
SdueIsIp bupjjem Ja1ealb ‘sasA|eue [BUOI1DSS-S501D W04 (+)

11 uo buisbe Jo s179y5 ay) JO SWOS pajenualie
S351249%3 K10jelidsalolpIed ASUIIUI puR )RISPOW (+)
‘buiuresn
951249%3 Alojelidsalolpled Yuow-9 Jaye pue 21043q
abueyd Ajuesyiubis 1ou pip 1 3y3 ‘Xew ZOA %08 PUe %09
410q U] 1593 3S|249X3 93N 3} JaYe ‘Iey) pamoys synsay (F)

“slenpialpul
£1e3U3PIS JO 1ey] 0} JB|ILUIS SBM SIBUUNJ JO dPSNW
3y jo A103s1y dAiedIdal By} ‘DaSNW JO UofIeIRUbaI
10} puewap ay} asealdul Kew asIaxa ainsodxa ybnoyyy (F)

159} da1s Anuiw-f

‘f13dwobisouds 3p£d1g

"}$9) $S243S Welbolpled043d3|3
"1eak
J1ad suonnadwod |'y F '/ pabesane
pue ‘(uoyielew 03 wy QL) saded
9dueINpU Ul dd1deid dAIIdWOod
Jo sieak g2 pey sisuuni abe I|ppIN

'1S9] puels Jiey) pue ‘(sanaw
2LS) Y S AI9AS 10j SPU0IIS ‘1531 e

‘uoidwnsuod Xew gOA [|lwpeast

153} ||lwpeal} papelb [ewixepy
‘spods aamadwod ul paedidied
10U peY pue }IIM/3SIDIIXD
JO suoIssas 7> auop pey Aieyuapas
'sadel 9duelsip-Huo| ul
pajedidiied uayo pue sieak / Z 1oy
Bujuresl uj yaam/wy OF < unJ sidUUNY

HSI4 ‘s91400%n3| poolg

ones 51/4ddb "puejul{ €0 F T'LE DOV "USWOM 7E/T ‘Usw
's91£>03n3| poolg  z5ST ‘siueddnied zGey “Apnis [BUONRAISSGO [BUOIIDS-SSOID
‘Auewsan
(§°L F L'8F 92URISISa) PUB ‘G'9 F ¥'8F [BAIDIUI ‘0°L F G617
9dURINPUI DIqoIdR b’/ F 7'0S dnoub [013u0d 36y "usWoMm
6/ 'usw Gp ‘(Buluresy aduelsisal € ‘bulurel) [eassul
onel S1/4dd DWgd 62 ‘Buluiesy adueInpud d1qoiae 9z ‘dnoib [013u0d S€) bZL "1DY
‘9'L F 605 |041U0D pabe-3|ppiwi |7 ‘S0 F §'LT |011u0d
bunok 9z ‘9’| F L'LS S9I9|YIeL) puUB SIdUUNJ UoyleIeW
pabe-3|ppiw §Z ‘9'0 F #°0T Siauuni duelsip-buo)
pue 3|ppiw bunoA |euoissajoid 96y "UsWOM |§ ‘UdW
€/ '(s123lqns jouod pabe-3|ppiw |7 ‘s193(qns |011u0d
BbunoA 9z ‘s313|y1el} pue sisuuni uoyieiew pabe-a|ppiw
G ‘sisuuni duelsip-buo| pue sjppiw bunoA euoissajoid
Z€) ¥0L "Apnis aAneiedwod ‘|euoIBAISSCO ‘|BUOIIDS-5SOID)

‘lizeig "z’S F 9°L§ siduuni abe 3ppiw ‘|’ F 9'9f paulesun
obe 9|ppiw ‘v F g'Lz paulenun bunok :aby “(sisuuni
abe 3|ppiw Q| ‘paulesiun abe 3|ppiw /| ‘pauiesun bunok

ones 51/4ddb OWgd L 1) 8€ “Apn1s aAieIedWOD ‘[RUOIIRAISSO ‘|RUOIIIDS-SSOLD)

109 uIdYINOS
‘sa3£003n3) [esaydiad

"eOLBWY JO SIIBIS PauN 'S F £/ 9Py "uswom /€

‘usw | |z ‘syuedpined zgg dA113dsold pue |euoidas-sso)
‘|izeig
'€/ paules} Ajpsuaul ‘69 paulely A|d1esapow ‘g7 pauleiun
:29by "s1eak g 1sea| 1e soy Buiuiesy seinbas u paredpdiued
pey paulesy Aj9sualu| "(yaam/wy 05<) Vd Ul Jaam/skep 62
pabebua paujesy A|asualul HEam/sawil € 03 7 Wy 9
S unJ Jo saiiAde Jods pajeddiyed pauiely Aj91eiapoly
‘(pauley Ajsuaiul G| ‘paulesy Aj91eI9pow 9| ‘paulesiun

G1) 19 "Apnis aAlzeledWOd ‘|EUOIIRAIDSCO ‘|RUOIIIIS-SSOL)
*BRI0Y| YINOS 's1edk 9 F 8'9¢ 96y *(dnoib jo13uod g ‘dnoib
|eusWLIadXd §) uswom 9| (4 ZOA JO %09 1e bujuuni
/Bunjjem [jlwpesasl Jo uiw G ‘dn Buiwiem jo uiw Q|

JO PaISISUOD UOISSIS "Yaam/shep ¢ ‘Bululesy yuow-9) |Hy

aduddS3I0NY
D14 DNgd

109 UIBYINOS
!safo0xn3| poolg

BOLYY YINOS G'6 F £'E PaUleIIUN ‘6'9 F T SIsuuni
296y "UsWoM {| ‘Usw £ ‘(K1eauapas 6| ‘siauunt Ayyjeay

441 BPsSniy 8L) € Apnis aAieIedwod ‘[BUOIIBAISSAO ‘|RUOIIISS-SSOID)

£10T "[e 33 swel|jim

810T “|e 19 JBUIdM

600C “[e 13 JBUIdM

8107 “|e 13 esnog

4

“|e 19 epueli\-S31e0s

910z “[e 13 eAIS

800C “[e 33 ulys

0L0T “Ie 32 aey

SyNsal ulep

peoj bujuiesy 1o
ssaujy Kiojesidsalolpied Jo uolenjeas

$3J3WO|3}
JO uonenjeas Jo

A13unod ‘(abe ‘xas ‘u)
sonsuapeleyd aidwes ‘ubisap Apnig

poyiaw ‘pinyy 40 anssi|

321n0g

‘(Panunuod) °| @|qeL



been reported that there is an inverse U curve associated to an
increase in physical activity (Ludlow et al., 2008) and cardior-
espiratory exercise (Borghini et al., 2015; @sthus et al., 2012).
Time spent sedentary and high intensity activities are asso-
ciated with shorter telomeres, while on the other hand, mod-
erate and vigorous activities are associated with longer
telomeres (Borghini et al., 2015; Ludlow et al., 2008; @sthus et
al.,, 2012; Silva et al., 2016). Acute exposure to extreme activity
could shorten telomeres because of excessive reactive oxygen
species production (Saretzki & Von Zglinicki, 2002). Extreme
exercise is responsible for oxidative stress (Bjork et al., 2012)
which is known to induce persistent telomeric DNA damage
(Coluzzi et al.,, 2014). Telomere transcription is activated by
NRF1 antioxidant factor. Thus, it can be speculated that telo-
meric repeat-containing RNA up-regulation might be part of
the antioxidant reaction that muscles set up to counteract
exercise-induced reactive oxygen species (Powers et al., 1999).

The potential molecular mechanisms underlying the rela-
tionship between cardiorespiratory fitness and TL are unclear.
However, there are several potential explanations (Arsenis et
al., 2017). It has been proposed that regular physical activity
and increasing cardiorespiratory fitness lead to an improve-
ment of REDOX balance and the hindering of inflammatory
activity (Gomes et al., 2012). The improvement in the antiox-
idant response increases DNA-repairing enzymes (Radak et al.,
2003), and naturally decreases the production of reactive oxy-
gen species (Bjork et al., 2012). Furthermore, acute exercise
sessions temporarily increase the inflammatory process (Liburt
et al.,, 2010). The effect of the inflammatory process is compen-
sated by regular exercise practice that increases an anti-inflam-
matory response (Kasapis & Thompson, 2005). The antioxidant
response to cardiorespiratory exercise, and the anti-inflamma-
tory reaction, leads to the hormones processed in response to
low and high doses of stressors (Kendig et al., 2010; Ristow &
Zarse, 2010). These potential mechanisms are in accordance
with the observed U curve found in some studies (Borghini et
al., 2015; Ludlow et al., 2008). Furthermore, cardiorespiratory
exercise is positively related to: activation of telomerase (Kadi &
Ponsot, 2010), improved body composition, and a decrease in
low-density lipoproteins (Sirabella et al., 2013). All of which are
important to preserve TL through the modulation of telomer-
ase dynamics (Kadi & Ponsot, 2010; Ludlow et al., 2008).

Some study limitations have to be addressed. First, the
differences in sample size, tissue sources, methods of evalua-
tion of telomeres and cardiorespiratory fitness may have wea-
kened the evidence. Second, the wide variety among study
methodologies precludes the possibility of performing a
meta-analysis. Third, in spite of the fact that studies were
assessed according to their methodological quality, they were
not weighted or ranked. As a result, findings from studies with a
weaker methodological quality and smaller sample size were
given no less importance than findings from others with strong
research designs and larger sample sizes.

Conclusion

This review suggests a positive and significant relationship
between cardiorespiratory fitness and TL, mainly among mid-
dle age and older people. The positive association between

JOURNAL OF SPORTS SCIENCES (&) 1695

cardiorespiratory fitness and TL emphasizes the importance of
cardiorespiratory fitness for healthy ageing. Endurance exercise
and better cardiorespiratory fitness may regulate the TL in
middle age and older adults, slowing the cellular ageing pro-
cess. Large-scale longitudinal studies are necessary to better
assess the role of long-term cardiorespiratory fitness on TL with
ageing.
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