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Değerli hekimlerimiz,

10. ve şimdilik son sayımıza ulaştık. Anti-aging weekly dergimize yaz nedeni ile ara veriyoruz. Dergimize 
başlarken haziran ayına kadar 10 sayı yayınlayıp sonrasında ara vermeyi planlamıştık. Dergi öncelikli olarak 
sizlere telomer biyolojisini ve telomerin gelecekte tıpta açacağı ufuk hakkında bilgi vermek için hazırlandı. 
Genel olarak görüş bildiren hekimler başlangıçta dergilerin telomer ile ilgili bilimsel makalelerden oluşmasının 
faydalı olduğunu ancak derginin aslında anti-aging konusunda kapsamının genişletilerek devam etmesini dile 
getirdiler. Ekim ayında belki daha farklı bir içerik ve anlayış içinde, haftalık değil ama aylık bir dergi olarak 
karşınızda olabiliriz. 

Son sayımızda daha önce hiç yer vermediğimiz spor ve telomer uzunluğunu inceleyen bir makaleyi incelemek 
istedik. Spor ve aktif bir yaşam tarzı tüm hekimler tarafından önerilmektedir. Almanya’da yapılan ve 815 
bireyin katıldığı çalışmada, 10 yıldan uzun süredir spor yapanlarda egzersizin telomer uzunluğuna olumlu 
etkisi olduğu gözlenmiştir. Hatta yapılan sporun türüne ve zorluğuna bağlı olarak telomer uzunluğuna olan 
katkısı daha yüksek olabilmektedir.  

Spor ve uyku düzeninin telomer üzerindeki etkilerinden bahsetmek için yine Lifelines-Elaine Chin MD’nin 
kitabından alıntılar yapacağım. Bugünlere dek egzersizin sağlık üzerindeki olumlu etkileri bilinmek ile 
beraber moleküler seviyedeki değişiklikler hakkında çok az ispat bulunuyordu. Şimdi telomer uzunluğunun 
ölçümlenebilmesi nedeni ile sporun sağlıklı ve uzun yaşam üzerindeki etkisini belirlemek mümkün hale 
gelmiştir. 

Fiziksel olarak aktif olan bireylerin telomer uzunlukları daha uzun bulunmuştur. Hatta 1000’den fazla ikiz 
üzerinde yapılan bir araştırmada aktif olanların ikizlerine göre sağlık profilinin daha yüksek ve telomerlerinin 
uzun olduğu, kardeşlerine göre nerede ise 10 yaşa kadar daha genç kalabildikleri saptanmış. Öte yandan fit 
olmak ile egzersiz yapmak arasında büyük fark bulunuyor. Egzersiz yapmak illa ki fit olmayı ve sağlıklı olmayı 
getirmiyor. Doğru yaklaşım ile yapılan egzersizlerin yaşlanma sürecine çok olumlu etkili olabiliyor:

• Aşırı kan glikoz ve insülin seviyelerini düşürerek glikasyonu engeller,
• Büyüme hormonu, testosteron ve serotonin seviyelerini yükselterek yaşlanma sürecindeki hormonal  
   dengesizliği düzenleyebilir, 
• Kan basıncını ve kolestrol seviyelerini düşürerek kardiyovasküler inflamasyonu azaltabilir,
• Vücuttaki doğal antioksidanları tetikleyerek oksidatif stresi azaltır. 

İki tip egzersizden bahsedebiliriz;
• Aerobik: Genellikle koşu gibi kalp atışını yükselten egzersizlerdir.
• Anaerobik: Direnç ve güç kazandıran çalışmalar olup kas kütlesini artırarak kemik kaybını engeller.

Bu iki egzersiz tipi birlikte doğru şekilde kombine edildiğinde güçlü anti-aging etkiler sunar. İlk 30 dakikalık 
bölümde aerobik çalışmalar ile hipofiz bezinde büyüme hormonu salgılanır ki ilk 15-20 dakikalık sürede 
bu etki pik seviyededir. Bu hormon hasarlı kasların onarımını ve ayrıca kas yoğunluğunun artışına neden 
olur. İnsülin seviyeleri düşer ve bir başka hormon olan glukogon yükselir. Her iki hormon da ayrıca büyüme 
hormonunun üretilmesinde etkindir. Ağırlık kaldırmaya başlamış olduğunuz birkaç dakikada, daha fazla 
testosteron ve büyüme hormonu salgılanmaya başlar ve 30 dakika daha devam eder. Böylece vücudunuzdaki 
en önemli anti-aging hormonlar aktif hale gelir ki bu doğal olarak ve sizin tarafınızdan üretilmiştir.
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Spor da her şeyde olduğu gibi fazlası zarar olan 
durumlardan biridir.  Son zamanlarda görülmekte olan 
aşırı spor yapan hatta spor bağımlısı olan bireyler 
dışarıdan bakıldığında çok sağlıklı görünmek ile 
beraber telomer uzunlukları ölçüldüğünde durumun 
gerçekte böyle olmadığı ortaya çıkmaktadır. Aşırı 
egzersiz ile vücutta oksidatif stres artmakta ve yine tüm 
metabolizmaya zarar verir hale gelmektedir.

Buna en güzel örnek hastalarımdan biridir. Hayatında hiç sigara içmemiş ve hatta sigara dumanına 
dahi maruz kalmamıştır ve alkol tüketmemektedir. Ayrıca yemek alışkanlıkları kötü olmamak ile beraber 
düzeltilebilir görünmektedir ve genellikle vejeteryan bir beslenme tarzı vardır. Hayatının büyük bölümünde 
haftada 3 kez yaklaşık 100 km bisiklet sürmektedir. Ve en azından günlük rutinde hava müsaade ettiğince işe 
gidip gelirken günde 2 saat bisiklet kullanmaktadır. Bu hastaya genel olarak baktığınızda herşeyin yolunda 
olduğunu düşünebilirsiniz ama telomer uzunluğunu ölçtüğümüzde ortalamaya göre oldukça kısa olduğunu 
gördük.

Egzersiz programına başlamak için asla geç değildir. Telomer boyunuz 
her yaşta yeniden geliştirilebilir, artırılabilir bir durumdur. Telomer 
uzunluğu tek yönlü sadece kısalan bir gösterge değildir. İyi yaşam 
şekilleri ile telomer uzunluğu artırılabilmektedir. İster yürüyün, koşun, 
bisiklet sürün ancak günde en az 30 dakikalık aktivitenin telomerleriniz 
üzerinde olumlu etkisi olacağını unutmayın.

Uyku ile telomer arasında da yakın bir bağlantı olduğu görülmektedir. Erkekler 
üzerinde yapılan bir çalışmada günde 7 saat düzenli uyku uyuyan bireylerin 
günde 4 saatten az uyuyanlara göre telomer uzunlukları ortalama %6 daha 
uzun bulunmuştur.  Dolayısı ile günde 7 saatlik kaliteli uykunun telomerlerin 
uzun kalmasına faydası olduğu görülmektedir.

Yoğun bir çalışma döneminden sonraki yaz aylarında stresi azaltarak, spor yaparak, yeteri kadar uyuyarak, 
sağlıklı beslenerek ve pozitif bakış açısı ile telomerlerinizi uzatmanızı diliyor ve 10. sayımızı noktalıyoruz. 

Esenlikler dilerim,

Kubilay Türkmen 

Bizi sosyal medyada takip edebilirsiniz.



ÖZET:

Fiziksel aktivite ve sporun telomer uzunluğu ile ilişkili olduğu defalarca bildirilmiştir. İleri yaşlarda farklı spor 
çeşitleri ile bağıl lökosit telomer uzunluğu (rLTL) ilişkisi araştırılmıştır. Berlin Yaşlanma Çalışması  2’den 61 
yaş üzeri 815 katılımcı (397 erkek) çalışmaya dahil edilmiştir. rLTL düzeyi Real Time PCR ile ölçülmüştür 
ve fiziksel aktivite anket, değerlendirme tipi, geçmişte ve şuanda yapılan spor süresi göz önüne alınarak 
geriye yönelik belirlenmiştir. Çeşitli kontrol değişkenleri için beş ayrı çoklu doğrusal regresyon modelleri 
oluşturulmuştur. Çalışmaya katılanların %67.3’ü halen spor yapmaktadır. Spor yapan katılımcıların %19.4’ü 
20-30 yaş arasındadır. rLTL halen egzersiz yapmakta olan (N=456) , dayanıklılık çalışan (N=138)  ve 
yoğun spor yapan kişilerde (N=32) yüksek bulunmuştur. Güncel yapılmakta olan fiziksel aktivite rLTL ile 
olumlu bir ilişki içerisindedir (β = 0.26, p < 0.001) ve değerlendirmeye göre en az 10 yıllık spor geçmişi 
LTL üzerinde önemli bir etki yaratmaktadır (β = 0.39, p = 0.011). En yüksek etki yoğun bir şekilde aktif spor 
yapan kişilerde (β = 0.79, p < 0.001) ve en az 42 yıldan beri fiziksel aktivite yapan kişilerde (β = 0.47, p 
= 0.001) görülmüştür. Ancak 20-30 yaş arasında yapılan fiziksel aktivite hiç spor yapmayan ileri yaş ile 
kıyaslandığında, rLTL üzerinde bir etki göstermemiştir. Fiziksel aktivitenin uzun rLTL ile ilişki içinde olduğu 
açıkça görülmektedir. Bu etki fiziksel aktivitenin uzun süreli olması durumunda görülmektedir (en azından 
10 yıl), yoğun spor aktivitesi ise rLTL üzerinde en iyi sonucu vermektedir. Bu çalışma, rLTL üzerinde 
sürekli bir etki elde etmek için en az 10 yıl boyunca düzenli fiziksel aktivite yapmanın gerekli olduğunu 
göstermektedir.

ÇALIŞMADAN BAŞLIKLAR: 

1-Bazı enlemesine çalışmalar telomer uzunluğu ile çeşitli hastalıkların risk faktörleri ile ters bir ilişki 
içinde olduğunu göstermiştir ve birçok insan hastalığı kısa telomerlerle bu çalışmalarda ilişkilendirilmiştir. 
Enlemesine çalışmaların sonuçlarına göre, ilerleyen yaşlarda yaşam tarzının  telomer uzunluğunu etkileyen 
risk faktörleri ile ilişkili olduğu  düşünülmektedir ancak çok fazla veri mevcut değildir.

2-Tekrar eden çalışmalarda vücut ağırlığının fazla olması, sigara kullanımı, alkol tüketimi ve fiziksel 
olarak aktif olmama gibi yaşam tarzını olumsuz etkileyen risk faktörlerinin kısa telomerler ile ilişkili olduğu 
bildirilmiştir.

3-Enlemesine çalışmalara göre fiziksel aktivite/spor  ve telomer uzunluğu arasındaki ilişki, spor ve 
egzersizin yaşamın farklı evrelerindeki etkileri, ilerleyen yaşlarda telomer uzunluğu ile ilgisi incelenmemiştir. 
Şimdiki çalışma bu soruları geniş bir insan topluluğundan katılan 61 yaş ve üzeri kişilerin analiz edilmesi ile 
cevaplanmaya çalışılmıştır. Veri tabanı Berlin Yaşlanma Çalışması 2’dir. (BASE2)

4-Bu çalışmaya BASE2 ‘den 814 katılımcı dahil olmuştur. (yaş aralığı 61-82; toplam 397 erkek). 
Katılımcıların %67.3’ü güncel olarak egzersiz yapmaktadır, bunların %19.4’ü 20-30 yaş arasında düzenli 
egzersiz yapan kişilerdir.

5-Aktivite yapmayan, direnç eğitimi yapan, dayanıklılık çalışan ve diğer spor tipleriyle uğraşanlar yaklaşık 
olarak benzer sonuçlar gösterirken, yoğun bir şekilde spor yapanların rLTL değerleri daha yüksek çıkmıştır.

6-Diğer çalışmalarla benzer olarak bu çalışmada da fiziksel aktivite ve spor gibi yaşam tarzı rLTL ile olumlu 
bir ilişki içerisindedir. Farklı spor tiplerine baktığımızda, yoğun spor ile rLTL arasında dayanıklılık çalışmaları 
ile rLTL arasındakinden daha yakın bir ilişki vardır.

7-20-30 yaş aralığındaki gençlerin fiziksel aktivitesi ilerleyen yaşlarda rLTL için ön tahmin verememektedir. 
Bu bağlamda hücre bölünme sayısı ve DNA replikasyon sayısı (her replikasyonda kısalan telomerlerle 
ilgili) yaşam tarzından etkilenmektedir ve telomer kısalması daha az hücresel yenilenme kapasitesine 
neden olmaktadır. Sağlık bilinci olan kişilerin telomerlerinin kısalmasını en aza indirgemek için oksidatif 
stresin daha az olması gerekmektedir. Bu durum yaşamın farklı evrelerindeki uzun/kısa telomer formlarında 
“hücresel hafıza”yı oluşturmaktadır.

8-Enlemesine çalışmaların sonuçlarına göre, fiziksel aktivite ve spor telomer uzunluğuna katkı 
sağlamaktadır. Geriye yönelik yapılan çalışmalarda görülmüştür ki yaşamın farklı evrelerindeki fiziksel 
aktivite ve telomer uzunluğu arasında ilişki, en azından 10 yıl süren düzenli bir fiziksel aktivite programı 
uygulandığında sağlanabilmektedir. Sonuçlarımız telomer uzunluğu üzerindeki etkinin devamlılığı için 
yaşam boyu düzenli spor yapılması gerektiğine dikkat çekmektedir.
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Abstract
Physical activity and sports have repeatedly been reported to be associated with telomere

length. We studied the association of different types of sports across different stages of life

on relative leukocyte telomere length (rLTL) in advanced age.815 participants (397 men)

from the Berlin Aging Study II aged over 61 years were included in the analysis. rLTL

was measured by real time PCR and physical activity was determined retrospectively by

questionnaire, assessing type and duration of sports in the past as well as currently. Five

separate multiple linear regression models adjusted for various control variables were per-

formed. 67.3% of participants exercised currently, whereas 19.4% performed sports only

between the age of 20 and 30. rLTL was higher in subjects who stated to exercise currently

(N = 456), and in subjects who engaged in endurance (N = 138) or intensive activity sports

(N = 32). Current physical activity was positively associated with rLTL in the risk factor

adjusted regression model (β = 0.26, p < 0.001) and practicing sports for a minimum of 10

years preceding the assessment had a significant effect on rLTL (β = 0.39, p = 0.011). The

highest impact was seen for intensive activity sports (β = 0.79, p < 0.001) and physical activ-

ity since at least 42 years (β = 0.47, p = 0.001). However, physical activity only between 20

and 30 years of age did not affect rLTL in old age when compared to no sports at all (β =

-0.16, p = 0.21). Physical activity is clearly associated with longer rLTL. The effect is seen

with longer periods of physical activity (at least 10 years), with intensive sports activities

having the greatest impact on rLTL. Our data suggest that regular physical activity for at

least 10 years is necessary to achieve a sustained effect on rLTL.

Introduction
The ends of the linear chromosomes, telomeres, represent a highly organized structure consist-
ing of a hexanucleotide repeat (in humans [TTAGGG]), the so called ‘core telomeric proteins’
of the shelterin complex, and a growing number of associated proteins with telomere related
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functions (reviewed in [1, 2]). It is widely accepted that telomere length, which can be esti-
mated with different methods such as southern blot or quantitative PCR, reflects biological age 
when analyzed on the population level (reviewed in [3]).

Several cross-sectional studies report an inverse association between telomere length and 
various health related risk factors (e.g. [4–7]) and quite a few age related human diseases have 
been shown to be associated with shorter telomeres ([8–10]; reviewed in [11]). Mainly based on 
observations from cross-sectional studies, it is suggested that lifestyle associated risk factors 
impact telomere length in later life; however, little data supporting this assumption are avail-
able. Indeed, data from a 2014 study refute this assumption since no correlation of body weight, 
smoking status, physical activity, and alcohol intake with changes in telomere length during 10 
years of observation was found, although cross-sectionally these lifestyle factors were signifi-
cantly correlated with telomere length [7].

Among the repeatedly reported lifestyle related risk factors associated with shorter telomere 
length are increased body mass index (meta-analysis in [6]), increased waist-to-hip ratio (e.g.[4, 
5, 12]), smoking (e.g. [5, 8]), alcohol consumption (e.g. [7, 13]) and physical inactivity [7, 14]. 
However, other studies have not found these associations (e.g. [7, 12, 15–17]), which might be 
due to differences in the studied cohorts and in the analysis methods used. While the 
association between physical activity/sport and telomere length is studied extensively using 
cross-sectional data, so far the effects of sport and exercise across different stages of life, related 
to telomere length in old age, is not examined. The current study addresses this question by 
analyzing a large sample of community-dwelling participants aged 61 years or older, drawn 
from the Berlin Aging Study II (BASE-II).

Results
A total of 814 older BASE-II participants (age ranging between 61 and 82; a total of 397 men) 
were included in this analysis. Approximately 67.3% of the BASE-II respondents stated that 
they exercised currently, while 19.4% stated they only exercised regularly between 20 and 30 
years of age (see Table 1).

Figs 1 to 4 show relative leukocyte telomere length according to different sport variables. Fig 
1 displays the differences between rLTL for study participants who are currently active and

Table 1. Descriptive Statistics of the Study Population.

Variables Mean, standard deviation, respectively % Total number of observations*

Relative telomere length (rLTL) 1.1 ± 0.2 814

Age (years) 68.8 ± 3.4 814

Male (%) 48.8 814

Married (%) 54.3 814

Father’s age at birth (years) 33.3 ± 6.6 732

Years of education 13.7 ± 3.8 814

Equivalized household income (EUR) 1841.321 ± 970.8 761

Body mass index 26.7 ± 4.3 814

Heavy alcohol intake (%) 27.5 811

Smoker (%) 7.2 809

Physically active (%) 67.3 810

Physically active only in the age of 20–30 (%) 19.4 444

Years since physical activity is practised 18.9 ± 22.2 787

*Total number of observation varies by variables due to item nonresponse.

doi:10.1371/journal.pone.0142131.t001

Association of Sports and Exercise with Telomere Length
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those who are not. The median rLTL was significantly higher for participants who were cur-
rently active (t = -2.228, p = 0.013). However, the differences were rather small. This was not 
surprising, as the categorisation “currently active” considers neither the length of the activity 
period nor the type of activity practised.

Regarding the types of sport currently practised, Fig 2 provides some interesting insights as 
the one-way ANOVA revealed significant differences (F = 6.08, p < 0.001). The graphs for 
inactivity, resistance training, endurance and other types of sport showed fairly similar pat-
terns, while individuals who engaged in intensive activity showed slightly higher values of 
rLTL. The post hoc Tukey’s test revealed significant differences for respondents engaged in 
intensive activity compared to inactive respondents (p = 0.011), and respondents who engaged 
in resistance training (p = 0.021): intensive activity is related to significant longer telomeres 
compared to these types of sport.

The period since when the current activity was practised was considered in Fig 3. The com-
parison of the four groups revealed a slightly, but significant, higher rLTL with increasing dura-
tion of physical activity (F = 4.39, p = 0.0048). The post hoc Tukey’s test revealed significant

Fig 1. Standardized values of rLTL by current activity. Individuals of the currently physically active group showed significantly longer telomeres when
compared to the inactive group (inactive group, N = 223; active group, N = 456). Two-tailed p-values were determined using the independent T-test.

doi:10.1371/journal.pone.0142131.g001

Association of Sports and Exercise with Telomere Length

PLOS ONE | DOI:10.1371/journal.pone.0142131 December 2, 2015 3 / 13

5



difference between the most active group (more than 41 years) and the current inactive group
(p = 0.017) as well as the group physically active since 1 to 9 years (p = 0.035).

In contrast, physical activity practiced only between the age of 20 and 30 years does not
associate with rLTL in later life. Fig 4 displays even slightly shorter rLTL for those individuals
who have exercised in young age between 20 and 30 compared to those individuals who have
never practiced sports. However, this difference is not significant (t = 0.358, p = 0.721).

The multivariate analysis confirmed the results of these bivariate distributions. The multiple
regressions enabled us to estimate the impact of physical activity aspects on relative telomere
length in dependence of potentially influential covariates. Descriptives of covariates according
to sports types currently practiced are shown in Table A in S1 File. Since our different variables
regarding physical activity are dependent upon each other, we decided to estimate separate
models for each variable (Table 2). Model 1 of Table 2 displays the results of the basic regres-
sion model including only control variables but no information on physical activity. We found

Fig 2. Standardized values of rLTL by type of sports currently practiced. Individuals of the different groups of sport types showed significant differences
in telomere length (inactive group, N = 223; group intensive activity, N = 32; group resistance training, N = 177; group endurance, N = 138; group other type of
sports, N = 106). The p-value was determined conducting one-way ANOVA. The post hoc Tukey’s test revealed significant differences for respondents
engaged in intensive activity compared to inactive respondents (p = 0.011), and respondents who engaged in resistance training (p = 0.021).

doi:10.1371/journal.pone.0142131.g002
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a significant effect of gender on relative telomere length. Male participants showed significantly
longer telomeres compared to female participants. This effect remained constant across regres-
sion models.

We did not find any association between participants’ age, marital status, father’s age at
birth, years of education, income, body mass index, alcohol intake above cut-off value defined
by DHS, or current smoking status and the participant’s relative telomere length.

In model 2, we added the status of current physical activity, which turned out to be posi-
tively correlated with relative telomere length (β = 0.26, p< 0.001). In contrast, physical activ-
ity performed only during the age of 20 to 30 (model 4) compared to a totally sport-free

Fig 3. Standardized values of rLTL by exercise duration. Individuals of the different groups regarding duration since physical activity was practiced
showed significant differences (p = 0.0048) in the length of telomeres (inactive group, N = 113; group active 1 to 9 years, N = 46; group active 10 to 41 years,
N = 73; group active more than 41 years, N = 78). The p-value was determined conducting one-way ANOVA. The post hoc Tukey’s test revealed a significant
difference between physical activity since more than 41 years and current inactivity (p = 0.017). Moreover relative telomere length of the group active more
than 41 years differs significantly from the group physically active 1 to 9 years (p = 0.035).

doi:10.1371/journal.pone.0142131.g003
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lifestyle did not affect relative telomere length in later life (> 60 years). However, model 4 cen-
tered on a specific subpopulation of the BASE-II participants, namely those who were not cur-
rently exercising. Due to this focus, the sample size was reduced in this regression model and
comparisons with the other models should be made with caution.

Fig 4. Standardized values of rLTL by sport in young age only. Individuals of the physically active group in the age 20 to 30 showed no significant
differences in telomere length when compared to the inactive group which never engaged in sports (inactive group, N = 38; group physically active in young
age only, N = 74). Two-tailed p-values were determined using the independent T-test.

doi:10.1371/journal.pone.0142131.g004
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Table 2. Regression Models for Relative Telomere Length (rLTL).

Variables Model 1a Model 2b Model 3c Model 4d Model 5e

Age 0.00 0.01 0.01 0.04 0.01

(0.01) (0.01) (0.01) (0.03) (0.02)

Male 0.55*** 0.58*** 0.53*** 0.45* 0.41***

(0.08) (0.08) (0.08) (0.22) (0.12)

Married -0.10 -0.11 -0.10 -0.08 -0.07

(0.08) (0.08) (0.08) (0.23) (0.13)

Father’s age at birth -0.00 -0.00 -0.00 -0.01 -0.00

(0.01) (0.01) (0.01) (0.01) (0.01)

Years of education 0.03 0.03 0.04 0.01 0.05

(0.03) (0.03) (0.03) (0.08) (0.05)

Income 0.07 0.03 0.01 0.36 0.03

(0.08) (0.08) (0.08) (0.18) (0.12)

Body mass index -0.00 0.00 0.00 -0.02 0.01

(0.01) (0.01) (0.01) (0.02) (0.01)

Alcohol intake above cut-off value by DHS -0.07 -0.06 -0.08 0.02 -0.05

(0.07) (0.07) (0.07) (0.18) (0.11)

Smoker 0.03 0.06 0.10 0.50 0.27

(0.15) (0.15) (0.15) (0.32) (0.20)

Physically active 0.26***

(0.08)

Type of physical activity (Reference: no sports)

intensive activity 0.79***

(0.20)

resistance training 0.18

(0.09)

Endurance 0.26*

(0.10)

other types of sports 0.24* (0.11)

Physically active only in the age of 20–30 (vs. never active) -0.16 (0.21)

Duration since activity is practiced (Reference: no sports)

Physically active for 1 to 9 years 0.00 (0.17)

Physically active for 10 to 41 years 0.39* (0.15)

Physically active for 42 to 72 years 0.47*** (0.14)

Constant -0.98 -1.15 -1.09 -5.17 -1.36

(1.08) (1.08) (1.08) (3.01) (1.51)

Observations 681 679 676 112 310

R2 0.08 0.10 0.11 0.13 0.10

Note: Standard errors in parentheses. Significance levels

*** p<0.001

** p<0.01

* p<0.5.
a Model 1 refers to a regression for Relative Telomere Length (rLTL) including the basic covariates set: age, gender, married, father’s age at birth, years of

education, income, body mass index, Alcohol intake above cut-off value by DHS, smoking status.
b Model 2 refers to a regression for Relative Telomere Length (rLTL) including the basic covariates set + current physical activity status.
c Model 3 refers to a regression for Relative Telomere Length (rLTL) including the basic covariates set +type of physical activity currently practiced.
d Model 4 refers to a regression for Relative Telomere Length (rLTL) including the basic covariates set + physical activity status regarding the age 20–30.
e Model 5 refers to a regression for Relative Telomere Length (rLTL) including the basic covariates set + the duration since the current physical activity is

practiced.

doi:10.1371/journal.pone.0142131.t002
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As displayed in model 5, the years of exercise influence relative telomere length. Remark-
ably, practicing sports for less than 10 years does not have a significant effect on relative telo-
mere length (β = 0.00, p = 0.981). The variable reflecting a minimum of 42 years of physical 
activity showed the strongest association with relative telomere length (β = 0.47, p = 0.001). 
Regarding the types of sport, model 3 displays a strong positive association of intensive activity 
(β = 0.79, p < 0.001) and the significant but comparatively weaker impact of endurance sport 
with relative telomere length (β = 0.26, p = 0.011). In contrast, types of sport that can be 
defined as resistance training do not impact relative telomere length.

After adjusting for morbidity, as measured by an index largely based on the domains of the 
Charlson Index, the results remain stable across all models. These models are provided in 
Table B in S1 File. Overall, our regression models explain about 10% of variation in the relative 
telomere length.

Discussion
In the current study, we have assessed the rLTL of 814 BASE-II participants aged 61 and older 
in relation to lifestyle factors that, in the literature, are associated with telomere length. We par-
ticularly focused on physical activity and sport, investigating the relationship between current 
sporting activity, sport in different stages of life, and rLTL. As described earlier [18], BASE-II 
men showed significantly longer telomeres than women, even after adjustment for known co-
variates, a finding most likely explained by the method used for rLTL estimation ([18, 19]). We 
have previously shown that BASE-II participants of the older group (from which the subjects 
of the current analysis were drawn) had significantly shorter rLTL when compared to the 
younger group of BASE-II participants [18]. The fact that the participants’ age was not a signif-
icant determinant of rLTL in the current study is likely due to the narrow age range of the sub-
jects studied.

Similar to several other studies, physical activity and sport were among the lifestyle factors 
positively associated with rLTL in the current study. Looking at different types of sport clearly 
revealed a closer association between intensive activity sports and rLTL, when compared to the 
degree of association between endurance sports and rLTL. Earlier studies on endurance exer-
cise and telomere length have yielded conflicting results (reviewed in [20]). Examination of 17 
habitually exercising and 15 sedentary older study participants revealed longer LTL (estimated 
by Southern blot) in the exercising group [21]. Denham and colleagues found significantly lon-
ger telomeres (rLTL) in 67 male ultra-marathon runners when compared to rLTL of 56 male 
controls [22]. Similarly, two other studies compared relative telomere length of endurance ath-
letes with sedentary subjects [23] or subjects exercising at a medium level [24] and found lon-
ger telomeres in the athletes groups. These findings are contrasted by results from Rae et al., 
who found no difference in mean LTL (estimated by Southern blot) between 18 experienced 
endurance runners (42 ± 7 years of age) and 19 sedentary controls (39 ± 10 years of age) [25]. 
Mathur and colleagues also found no difference between 17 marathon runners and 15 age- and 
sex-matched healthy, sedentary control subjects [26]. A drawback of most of these and other 
similar studies is the small sample size, because this increases the risk that unconsidered con-
founders might have impacted on the results. While our study did not explicitly include mara-
thon runners, we were able to distinguish endurance exercising participants from subjects 
pursuing sports at other activity levels using this large BASE-II sample of community-dwelling 
older participants. In addition, we were able to consider many of the known covariates such as 
lifestyle factors, the father’s age at birth and socio-economic factors.

One limitation of our study is that the data on physical activity and sports were self-reported 
and might therefore be biased. This bias might be of particular relevance where the interval
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between physical activity and self-report is especially long. Another drawback is the cross-sec-
tional nature of the current analysis which does not allow any causal inferences.

It seems, however, plausible that the association between physical activity and telomere 
length, as frequently described in the literature and also found in the BASE-II participants 
studied here, reflects the individual histories of physical activity and their impact on telomere 
length, and this is what is also suggested by our results, at least to some degree. In a study per-
formed by Savela and colleagues physical activity in midlife was associated with telomere 
length (southern blot) in old age [27]. However, the comparability between this investigation 
and our study is limited because the authors used the information on physical activity assessed 
in midlife of the study population and the telomere length data measured in old age of the par-
ticipants with no further information on continuity of physical activity between the two time 
points.

The variables “exercise duration” with the outcomes “currently not active”, “physically 
active for 1 to 9 years”, “physically active for 10 to 41 years” and “physically active more than 
41 years” were significantly associated with rLTL in our study. More interestingly, our data sug-
gest that at least 10 years of regular sports activity is needed in order to impact rLTL.

Physical activity performed only during young adulthood (age between 20–30 years), how-
ever, was not predictive for rLTL in old age. This was surprising in the context of the idea that 
the number of cell divisions and, as a prerequisite, the number of DNA replications (associated 
with telomere shortening as a consequence of each replication), is influenced by lifestyle factors 
and that less cellular regenerative activity, e.g. because of less oxidative stress, is needed in indi-
viduals with health-conscious behavior, resulting in less telomere shortening. This would 
implicate a ‘cellular memory’ of lifestyle during different stages of life in the form of longer/
shorter telomeres. Our data, however, do not support this view, since sport only in early adult-
hood was not predictive for rLTL in advanced age. This observation goes along with findings of 
a publication using data from the Copenhagen City Heart Study. In that study, physical activity 
and other lifestyle factors were significantly associated with telomere length, both measured 
twice with a 10 years interval. The change of telomere length during the 10 years, however, was 
not associated with baseline and inter-observational physical activity, and also not with other 
lifestyle factors investigated [7]. The authors speculate that underrepresentation of participants 
with short telomeres may have biased the analysis, explaining at least in part the strong associa-
tions between lifestyle factors and telomere length observed cross-sectionally.

In the context of our results we agree with this view and hypothesize that another part of the 
explanation is that physical activity indeed impacts on telomere length; however, with the limi-
tation that only the 10 years prior the point of investigation are of relevance with respect to 
telomere length, with probably similar time frames for other lifestyle factors. It is not yet clear 
which mechanism(s) drive the impact of physical activity on telomere length. It might be less 
regenerative activity or increased enzymatic activity (or a combination of both) that decelerate 
telomere shortening or even result in telomere extension as an effect of physical activity. 
Indeed, there is some evidence for the latter in the literature [28].

The fact that the impact of physical activity on telomere length is limited and fades due to 
periods of inactivity might also have an evolutionary aspect. All studies on physical activity and 
telomere length are performed on populations who differ dramatically in their lifestyle from 
prehistoric man [28]. During evolution, humans adapted to the requirements of hunting and 
gathering, including a higher level of regular physical activity and this is what humans are still 
adapted to. If telomere length can be positively influenced by physical activity, it seems reason-
able that this influence is limited in order not to turn it to a negative effect.

In conclusion we provide further cross-sectional evidence for a beneficial role of physical 
activity and sports with respect to telomere length. Our retrospective view on the association
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between physical activity pursued in different stages of life and telomere length indicated that 
this association becomes visible following at least 10 years of regular physical activity prior to 
the examination. Our results, however, also suggest that continuous physical activity is neces-
sary to achieve a sustained effect on telomere length throughout life.

Materials and Methods
BASE-II is a study on healthy aging covering residents of the greater metropolitan area of Ber-
lin, Germany. The sample consists of a cohort of about 1,600 older individuals (aged 60–75 in 
2009) and a cohort of 600 younger individuals (aged 20–35 in 2009) (for a detailed description 
of the study see [29]). For this analysis, we included all individuals who were over 60 years of 
age in 2012 and who participated both in the medical examination and the socio-economic 
module (for a description of this module which is a related study of the Socio-Economic Panel 
Study (SOEP) see [30]). This results in a final sample size of 814 participants. All participants 
gave written informed consent and the Ethics Committee of the Charité-Universitätsmedizin 
Berlin approved the study (approval number EA2/029/09).

Relative leukocyte telomere length (rLTL)
The measurement of rLTL in BASE-II was described previously in detail [18]. Briefly, genomic 
DNA was extracted from EDTA blood using the LGC ‘Plus XL manual kit’ (LGC, Germany, 
Berlin). rLTL was measured using a modified quantitative PCR protocol originally described 
by Cawthon [31]. All samples were measured in triplicate and their mean was used for further 
analysis when the ct values of both PCRs (telomere PCR and single copy gene [36B4] PCR) 
showed a variation coefficient < 2%. The rLTL was subsequently calculated according to Pfaffl 
et al. [32]. Pooled DNA from 10 randomly selected subjects was used as the reference
(rLTL = 1).

Physical activity
Information on physical activity was taken from the 2012 socio-economic survey of BASE-II, 
where participants were asked whether they currently practise a sport, what type of sport they 
practise, and when they started practising this type of sport. Additionally, it was surveyed 
whether respondents practised another type of sport in the past or had ever engaged in physical 
activity. The year of the beginning and the end of the physical activity was also documented. 
This information enabled us to generate a variety of indicators of physical activity. For our 
analysis we used the following indicators: (i) current status of physical activity (no/yes); (ii) 
type of sport currently practised (0 = no sport; 1 = intensive activity e.g. badminton, basketball, 
skiing; 2 = resistance training, e.g. bodybuilding, gymnastics; 3 = endurance, e.g. cycling, jog-
ging, inline skating; 4 = other type of sport); (iii) whether the respondent only participated in 
sport in young adulthood (between the age of 20 to 30; 0 = no sport at all, 1 = sport in young 
adulthood); and (iv) for how long has the participant been exercising (0 = if not exercising cur-
rently, 1 = 1 to 9 years, 2 = 10 to 41 years, 3 = more than 41 years).

Control variables
In addition to the indicators of physical activity, we controlled for age in years, gender, marital 
status, father’s age at birth, years of education and the logarithm of the equalized household 
income. For the purpose of calculating an equalized household income, each person of a house-
hold received a weight. While children received the weight 0.3, the first adult received the 
weight 1 and all other adults in the household received the weight 0.5. The equalized household
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income was then calculated by dividing the net household income by the weighted household
size.

In addition, we included health-related indicators in the analysis, namely body mass index,
current smoking status (no/yes), and alcohol intake above cut-off values defined by the Ger-
man Centre for Addiction Issues (DHS). The DHS defines a cut-off value of 24 g per day for
men and 12 g per day for women as non-hazardous alcohol intake [33]. Accordingly, we used a
variable that is 1 for women who drank at least 12.5 g alcohol per day and for men who drank
at least 25 g alcohol per day.

In order to allow controlling for morbidity we computed an index based on participant-
reported and physician-observed medical diagnosis (for details see [34]). This morbidity index
largely covers the categories and weighted classification scheme used by the Charlson Index
[35].

Statistical analysis
First, we compared column scatter graphs (GraphPad Prism 6) displaying the distribution of
telomere length by different aspects regarding physical activity. We used either t-tests or
ANOVA with post-hoc tests (Tukey’s test with the Tukey–Kramer adjustment for unequal
sample sizes) to reveal potential differences between groups.

Second, we estimated five different multiple linear regression models, with robust standard
errors to account for possible heteroscedasticity, in order to assess the relationship between
physical activity and relative telomere length, while adjusting for a variety of covariates. We
used the STATA statistical software package, version 13, for analysis.

The first model contains only the control variables. In the other models, we included differ-
ent information on physical activity, namely, a binary variable indicating whether respondents
currently exercise (model 2); the type of sport currently performed (model 3); a binary variable
indicating whether respondents exercised only between 20 and 30 years of age, or did not exer-
cise at all (model 4). In addition, we included information regarding exercise duration in
model 5. The categorisation enabled us to see whether physical activity for a period of less than
10 years already associates with relative telomere length. Since the measurement of the relative
telomere length was conducted on samples collected during a longer period of time (from 2009
to 2014), we were faced with the problem that telomere length information was in some cases
newer than the information on physical activity. We run robustness checks to disentangle pos-
sible effects on our regression estimates. We could only observe differences for the duration of
physical activity (model 5) in the effects. Therefore, we decided to run the regression for model
5 on the reduced sample, ignoring all cases where the telomere length was measured prior to
2012.
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Regression Models for Relative Telomere Length (rLTL) controlling for Morbidity.
(DOCX)
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