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Abstract 1 

Background: Telomeres are crucial parts of chromosomes that protects the genome. They 2 

shorten every time the cell replicates and shorter telomeres have been associated with 3 

increasing age and with many health behaviours. There is inconclusive evidence of the 4 

association between physical activity and telomere length. 5 

Objectives: To examine how leisure-time physical activity (LTPA) is associated with 6 

telomere length and telomere attrition during 10 years of follow-up in elderly people. 7 

Design: This study is 10-year prospective follow-up study. 8 

Method: For this prospective study, we examined 1014 subjects (mean age at baseline 60.8 9 

years) from the Helsinki Birth Cohort Study (HBCS). Relative LTL was measured with a 10 

quantitative real-time PCR and LTPA with a validated questionnaire. Multiple linear 11 

regression analyses were used to assess the association between sex-specific LTPA 12 

quartiles and LTL at baseline and change in LTL over 10 years. The analyses were adjusted 13 

for age, educational attainment, smoking, body fat percentage, estrogen exposure in women 14 

and for follow-up time when applicable. 15 

Results: At baseline, volume of LTPA was not associated with LTL in men (p=0.66) or in 16 

women (p=0.33). Among women, however, higher volume of LTPA at baseline was 17 

associated with greater shortening of LTL (p for linearity 0.040) during the 10-year follow-up. 18 

No association was found among men (p for linearity 0.75). 19 

Conclusions:  Our findings suggest that PA has a sex-specific role in regulation of telomere 20 

length in the aging process as in our study a high volume of LTPA in elderly women, but not 21 

in men, was associated with more rapid telomere attrition. 22 

Keywords: Prospective study, physical activity, healthy active aging.  23 

 24 
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Introduction 25 

Telomeres are repetitive sequences of DNA at the end of eukaryotic chromosomes. They 26 

stabilize the chromosome during DNA replication and allow the chromosomal DNA to be 27 

replicated completely without loss of it {1}. Telomeres shorten every time the cell replicates 28 

and eventually become critically short, causing cells to become senescent or die. Shorter 29 

telomeres have been associated with increasing age {2}. Telomeres have been proposed to 30 

be a biomarker of aging, but the supporting evidence is still equivocal {3}. Shorter telomeres 31 

have been associated with premature mortality and age-related diseases such as 32 

cardiovascular disease, hypertension and type 2 diabetes. There is also evidence of the 33 

association of shorter telomeres with health behaviours such as smoking, unhealthy diet and 34 

stressful life events {4, 5}. Leucocyte telomere length (LTL)  is partly heritable {6}. 35 

Furthermore, oxidative stress has been associated with shorter telomeres and telomere 36 

shortening can be accelerated by factors that induce oxidative stress and inflammation {7} 37 

and may be protected by factors with antioxidant effects like moderate physical activity (PA). 38 

Albeit PA can suppress inflammatory pathways, the effects can depend on the intensity, 39 

frequency, and duration of exercise {8}.  40 

There is inconclusive evidence of the association between PA and LTL. A few observational 41 

and cross-sectional studies among adults have shown an association between higher PA 42 

and longer LTL {9, 10},  but there are studies that have not reported any significant 43 

association {11}. Longitudinal studies have also reported mixed findings concerning the 44 

association between PA and related markers with LTL. In the study of Soares-Miranda et al. 45 

an increase in leisure-time PA (LTPA) was associated with a trend toward less shortening in 46 

LTL during five years follow-up, but no association was reported between walking pace, 47 

walking distance and walking score and change in LTL {12}. There are also 6-12 months 48 

randomised controlled PA intervention trials that have examined the potential influence of PA 49 

on telomere length, but these studies have not fully established such a relationship {13}.  50 
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As the significance of PA on telomere length remains uncertain and there are only few 51 

prospective studies {12}  in older adults we examined how self-reported LTPA is associated 52 

with LTL and with change in LTL during a 10-year follow-up period in a well characterized 53 

study population. 54 

Materials and Methods 55 

Study population  56 

The study population belongs to the Helsinki Birth Cohort Study (HBCS) that consists of 57 

13,345 singletons born in Helsinki between 1934 and 1944 and who were alive in 1971 when 58 

all residents of Finland received a unique personal identification number. In the year 2000, a 59 

total of 2,902 people were randomly selected from the sample of 8,760 subjects from HBCS 60 

who were born at Helsinki University Central Hospital, and invited to participate in a clinical 61 

examination conducted between the years 2001 and 2004. The target was to reach 2000 62 

participants for the clinical examination. From this clinical study cohort (n=2003), 1404 63 

people who were alive and living within 100 km distance from the study clinic in Helsinki were 64 

invited to participate in a clinical follow-up in 2011. A total of 1094 participants attended the 65 

clinical examination between 2011 and 2013.   66 

The present study includes 1014 individuals. To be included into this study, participants were 67 

required to have information on physical activity in 2001-2004 and telomere length both in 68 

2001-2004 and in 2011-2013.  69 

The clinical study protocol was approved by the Ethics Committee of Epidemiology and 70 

Public Health of the Hospital District of Helsinki and Uusimaa. Written informed consent was 71 

obtained from each participant before any study procedure was initiated. 72 
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Assessment of LTPA 73 

LTPA was assessed in the first clinical examination in 2001-2004. LTPA was assessed by 74 

using a validated exercise questionnaire KIHD (Kuopio Ischaemic Heart Disease Risk Factor 75 

Study) 12-month LTPA history {14}. The KIHD questionnaire has been modified from the 76 

Minnesota leisure time activity questionnaire and the questionnaire presents a list of different 77 

PA types, including conditioning LTPA (e.g. running, skiing, swimming), non-conditioning 78 

LTPA (e.g. household work, gardening, shoveling snow), physical activity from commuting to 79 

work (walking or cycling) and an additional category for “other” physical activities specified by 80 

the participant. The subjects were asked to fill in frequency (occasions per month), average 81 

duration and intensity (0=recreational, 1=conditioning, 2=brisk conditioning and 82 

3=competitive, strenuous exercise) of each activity performed during the previous 12 months. 83 

For each activity and intensity class a metabolic equivalent of task, MET, value was used 84 

based on a synthesis of available empirical data, the compendium of Ainsworth et al. {15}. 85 

MET is the ratio of metabolic rate during activity to the metabolic rate at rest (1 MET = 3.5 ml 86 

O2kg-1
min-1 or 1 kcalkg-1

h-1). To calculate the volume of LTPA in MET-hours (METh), MET 87 

values were multiplied with the average duration and frequency of activities. The total volume 88 

of LTPA is expressed in METh per week. 89 

Telomere length measurements 90 

Telomere length was measured twice, in both clinical examinations in 2001-2004 and in 91 

2011-2013. Relative telomere length was determined from whole blood leukocyte DNA by 92 

quantitative real-time polymerase chain reaction (PCR) as previously described {16}. 93 

Genomic DNA was extracted from EDTA-anti-coagulated whole peripheral blood by using 94 

commercially available kits according to manufactures’ instructions (QIAamp Bllod Maxi Kit 95 

and DNeasy blood and tissue kit; Qiagen srl). DNA concentration and purity were assessed 96 

by comparing ultraviolet absorbance at wavelengths 260 nm to absorbance at 230 nm and 97 
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280 nm. Samples with ratios ranging between 1.7 to 2.1 were considered pure and suitable 98 

for following steps. DNA integrity was tested by electrophoresis.  99 

At the first examination, relative telomere length was determined as ratio of telomere DNA to 100 

-haemoglobin single-copy gene signal intensities, as previously described {17}. The plate 101 

effect was taken into account by normalizing the telomere signal and reference gene signal 102 

to the corresponding mean of four control samples that were analysed for every qPCR plate 103 

before taking the T/S ratio (telomere reaction and -haemoglobin reaction ratio). 104 

At the second examination, the relative telomere length measurement was performed with 105 

the use of multiplex quantitative real-time PCR method described in detail by Guzzardi et al. 106 

{16}. The multiplex method provides a relative telomere length (T/S) ratio expressed as ratio 107 

between the amplification of the telomere sequence (T) and that of a single copy gene (S), 108 

measured for each sample in the same well and PCR run, and normalized using a common 109 

reference DNA sample.  110 

Covariates 111 

The participants were measured for weight and height in the clinical examination at baseline. 112 

Body mass index (BMI) was calculated as weight in kilograms divided by square of height in 113 

meters (kg/m2). Lean body mass (LBM) and body fat were assessed with bioelectrical 114 

impedance by using the InBody 3.0 eight-polar tactile electrode system (Biospace Co., Ltd., 115 

Seoul, Korea). Data on reproductive history, including age at menarche and menopause, 116 

were assessed by questionnaires. Duration of reproductive life in years, computed as the 117 

difference between age at menopause and menarche, was used as a surrogate for the 118 

length of endogenous estrogen exposure. Participants’ smoking habits were also assessed 119 

by questionnaires at baseline. Smoking status was expressed as years of smoking. 120 

Individually linked data on educational attainment (years of studying) was obtained from 121 

Statistics Finland. All measurements were done by trained study nurses.  122 
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Statistical analyses 123 

Data were examined in men and women separately, because the length and dynamics of 124 

telomeres are gender dependent {18}. Results are expressed as means with standard 125 

deviations. For analyses both men and women were divided into quartiles according to 126 

baseline volume of LTPA. Significances between LTPA groups at baseline was evaluated 127 

with analyses of variance. Comparisons within men and women of repeated measurements 128 

were performed by paired t test. 129 

We applied multiple linear regression analyses to assess the association between LTPA 130 

quartiles and LTL at baseline and the relative and residual change in LTL during the 10-year 131 

follow-up. To calculate the residual change we first performed linear regression analyses 132 

between the follow-up measurement and the baseline measurement of LTL. In the second 133 

stage, predicted values from the prior regression model were subtracted from the observed 134 

follow-up measurement of LTL. All analyses were adjusted for age, educational attainment 135 

(years of studying), smoking (years of smoking), percentage of body fat and in women for 136 

estrogen exposure. Estrogen exposure was divided in two groups (≤35 years and >35 years). 137 

The models including relative and residual change in LTL as an outcome were additionally 138 

adjusted for follow-up time. In the case on violation of the assumptions (e.g. non-normality) a 139 

bootstrap-type test with 2,500 replications were employed. 140 

The statistical analyses were carried out with Stata/SE 14.2 (StataCorp LP, College Station, 141 

TX, USA). 142 

Results 143 

The study cohort included 445 men and 569 women. Mean age of the 1014 participants was 144 

61 years at the first clinical examination (range 56-69 years). Mean follow up time was 9.8 145 

years (range 7.9-11.5 years). Table 1 shows the characteristics of the study population at the 146 

first clinical examination divided into four groups according to LTPA for women and men 147 



 9 

separately. Both in women and men, participants were older in the upper LTPA quartiles (p 148 

for trend <0.001). In women, body fat percentage was lower in those with greater volume of 149 

LTPA (p for trend 0.004). Otherwise, there were no statistically significant differences in the 150 

characteristics between the LTPA groups either in men or women. During the follow-up time 151 

LTL shortened in men -0.57 (CI -0.60 to -0.54, unadjusted p<0.0001) and in women -0.53 (CI 152 

-0.56 to -0.50, unadjusted p<0.0001). 153 

Figure 1 shows the association between LTPA quartiles and leucocyte telomere length at 154 

baseline. LTPA quartiles were not associated with LTL in men (p=0.66) or in women (p=0.33) 155 

after adjustment for age, educational attainment, smoking years, body fat percentage and 156 

length of reproductive life in women. Further adjustment for hormone therapy use did not 157 

attenuate the findings in women. 158 

Figure 2 shows the association between baseline LTPA quartiles and change in leucocyte 159 

telomere length during the 10-year follow-up in men and women separately. The change in 160 

LTL is shown separately for relative and residual change. There were no significant 161 

associations between baseline LTPA quartiles and relative change in LTL over ten years in 162 

men (p for linearity 0.21) or in women (p=0.071) (Figure 2A).  In women, a higher volume of 163 

LTPA at baseline was associated with greater absolute shortening of LTL during the 10-year 164 

follow-up (p for linearity 0.04) (Figure 2B). In men, there were no linear relationship between 165 

LTPA quartiles and residual change in LTL (p for linearity 0.75). 166 

Discussion 167 

In this prospective study in an aging birth cohort we investigated the association between 168 

LTPA and telomere length at baseline and telomere attrition during 10 years of follow-up. At 169 

baseline the volume of LTPA was not associated with LTL in either sex. In men, LTPA was 170 

not significantly associated with either the relative or residual change of LTL during ten years 171 

follow-up.  However, in women, higher baseline volume of LTPA was associated with greater 172 
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shortening of LTL during the follow-up. This relationship was stronger in analyses that used 173 

residual change of LTL, which takes into account the fact that rate of LTL attrition is 174 

proportional to baseline LTL {19}. 175 

Only a few cross-sectional studies have explored the association between PA and LTL 176 

among elderly people. The findings from these studies have been conflicting. Our findings 177 

are partly in line with a study in older people showing that cross-sectionally only greater 178 

reported walking distance was associated with longer LTL but not LTPA or reported walking 179 

pace {12}. In longitudinal analyses no significant association was found between baseline PA 180 

and 5-year change in LTL {12}. Also, Woo et al. {11} found no association between PA and 181 

telomere length in an elderly Chinese population. One randomized controlled intervention 182 

trial performed in older people has reported that after six months of individualized PA 183 

prescription no significant association between changes in steps per day and changes in LTL 184 

were noted, but in the intervention group reduced sitting time was significantly associated 185 

with telomere lengthening {13}. The fact that we observed an inverse relationship between 186 

LTPA and change in LTL among women contradicts with a recent study consisting of elderly 187 

women that reported a positive association between greater amounts of total LTPA and 188 

moderate-to-vigorous PA and longer LTL {9}. On the other hand, in the same study group, 189 

when PA was measured objectively only women with over 150 min per week of MVPA had 190 

longer LT while light PA was not significantly associated with LTL {20}. But in these studies 191 

women were older (64-95 years) than in our study and the settings were cross-sectional. 192 

There are several mechanisms that could explain how PA may alter LTL shortening. PA has 193 

an anti-inflammatory and an anti-oxidative effect {21} that can protect LTL against 194 

inflammation and oxidative stress, which are known accelerators of LTL shortening {22}. An 195 

inverted U-shaped relationship between PA and LTL has been suggested {23}. This could be 196 

related to oxidative stress. In our study, we did not see a U-shaped relationship among 197 

women, but our results support that also high volume of PA is related to shorter LTL. This 198 

could be due to the differences in the measurements or dose (type, intensity, frequency and 199 
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duration) of PA. PA can also stimulate telomerase, a reverse transcriptase enzyme, activity, 200 

which is responsible for maintaining telomere length {24}. A recent study reported that one 201 

single session of high intensity interval cycling increased hTERT gene expression in young 202 

and older men but not in women {25}. hTERT is a functional protein of telomerase that acts 203 

as a limiting factor in functional telomerase activity and can therefore be used as an index of 204 

telomerase function. The difference between men and women in the hTERT gene expression 205 

after a physical activity session can be one explanation to the gender differences reported 206 

here {25}. 207 

We identified gender differences, which could be explained by gender dependency of the 208 

telomere dynamics. Women have longer telomeres {18} and the longer telomeres in women 209 

imply a slower rate of telomere attrition in women than men. Also, in our study group women 210 

had longer LTL than men, but the attrition rate of LTL did not differ between gender. This is 211 

inconsistent with a study exploring the LTL dynamics around menopause, showing that LTL 212 

attrition rate was higher in men than in women at postmenopausal age {26}. Estrogen, which 213 

has antioxidant effects and promotes telomerase enzyme expression and activity {27},  can 214 

also explain gender dependent differences in telomere dynamics.  215 

The strengths of our study include a large, well-characterized study cohort. The study was 216 

longitudinal and we had a long follow-up time. We used a validated KIHD questionnaire in 217 

assessing self-reported PA. The KIHD collects LTPA data from the previous 12 months and it 218 

also provides information about the type, intensity and duration of activity. We measured 219 

telomere length from leucocytes using real-time quantitative PCR method and the telomere 220 

signal was normalized to the signal for single copy gene to generate T/S ratio which is 221 

proportional to the absolute quantification of LTL in base pair. Although this may not be the 222 

gold-standard for assessment of telomere length, it is the most common method used {28}. 223 

There are possible confounding factors that may account for the result in this study. First, 224 

there might be a survival effect. Shorter telomeres have been associated with cardiovascular 225 

diseases and premature mortality, which might have resulted in the survival and the inclusion 226 
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in our study of subjects with longer LTL. Second, there might also be a selection bias, 227 

because only subjects who were in better fit might have attended the follow-up examination. 228 

Furthermore, those with a better health status may be able to engage more in PA. The 229 

limitations of HBCS have been previously discussed. The participants may not represent all 230 

older people in Finland, because they were both born and attended child welfare clinics in 231 

the city of Helsinki. The information of physical activity was obtained by self-reports that are 232 

associated with recall bias. Moreover, we did not take into account the exogenous estrogen 233 

exposure, which could increase LTL among women. Albeit, the role of hormone therapy on 234 

LTL remains inconclusive {29}. Although a range of covariates were available and evaluated 235 

as potential confounders, there may be some unmeasured ones, e.g. stress. A previous 236 

study has actually suggested that vigorous PA protected those experiencing high stress by 237 

buffering its relationship with LTL {30}. Furthermore, our results may only be generalized to 238 

leukocyte LTL, but leukocyte telomere length correlate highly with that in cells from other 239 

tissues {31}. 240 

In conclusion, our results showed that the association between PA and LTL is still 241 

contradictory. At baseline LTPA was not associated with LTL. In men, the volume of LTPA at 242 

baseline was not associated with change in LTL during ten-year follow-up. In contrast in 243 

women, an inverse relationship between LTPA and change in LTL was observed. Our 244 

findings suggest that PA has a sex-specific role in the regulation of telomere length during 245 

the aging process.  246 
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Table 1 Baseline characteristics of the participants according to the LTPA levels. 

 

 LTPA quartiles  

 I II III IV P for trend 

Women      

   Number 142 142 142 143  

   Total Volume of LTPA (METh/wk), median (IQR) 13 (9, 17) 29 (25, 32) 46 (40, 51) 83 (68, 108)  

   Age (years), mean (SD) 60 (3) 60 (3) 61 (3) 62 (3) <0.001 

   Weight (kg), mean (SD) 72.7 (14.0) 70.9 (12.3) 71.5 (12.4) 70.9 (13.2 0.31 

   Height (cm), mean (SD) 162 (6) 162 (5) 163 (5) 162 (6) 0.38 

   Body mass index (kg/m2), mean (SD) 27.7 (4.9) 26.9 (4.7) 26.8 (4.3) 26.9 (4.5) 0.14 

   Lean body mass (kg), mean (SD) 47.8 (5.5) 47.4 (5.4) 47.7 (4.8) 47.6 (5.6) 0.89 

   Percent body fat (%), mean (SD) 26.0 (9.4) 24.5 (8.9) 23.6 (8.2) 23.7 (8.7) 0.004 

   Years of fulltime studying, mean (SD) 12.2 (3.4) 12.6 (3.7) 12.2 (3.5) 11.8 (3.2) 0.27 

   Smoking years, mean (SD) 8.2 (14.1) 7.9 (14.1) 7.7 (12.9) 7.1 (12.6) 0.47 

   Duration of reproductive life in years, mean (SD) 38.0 (4.7) 37.2 (5.0) 36.2 (5.5) 37.2 (4.7) 0.065 

Men      

   Number 110 112 111 112  

   Total Volume of LTPA (METh/wk), median (IQR) 13 (8, 18) 27 (24, 32) 46 (41, 55) 88 (73, 107)  

   Age (years), mean (SD) 60 (2) 61 (3) 61 (3) 61 (2) <0.001 

   Weight (kg), mean (SD) 83.5 (13.3) 81.1 (10.5) 84.6 (13.3 84.6 (14.4) 0.21 

   Height (cm), mean (SD) 176 (6) 176 (6) 176 (5) 177 (6) 0.20 

   Body mass index (kg/m2), mean (SD) 27.9 (3.9) 26.4 (2.9) 27.1 (3.3) 27.4 (3.6) 0.66 

   Lean body mass (kg), mean (SD) 65.4 (7.6) 64.2 (6.3) 65.8 (7.2) 66.7 (8.2) 0.085 

   Percent body fat (%), mean (SD) 21.3 (8.1) 18.6 (5.6) 19.6 (6.7) 20.2 (7.4) 0.15 

   Years of fulltime studying, mean (SD) 12.8 (3.7) 13.0 (3.7) 13.7 (4.1) 12.7 (3.8) 0.75 

   Smoking years, mean (SD) 16.3 (16.4) 15.4 (15.8) 13.9 (15.1) 14.3 (15.0) 0.26 

Abbreviations: LTPA, leisure-time physical activity; MET, metabolic equivalents of task; IQR, interquartile range; 

SD, standard deviation 

 

 

Figure 1  The correlation between leucocyte telomere length at baseline and change in leucocyte telomere length 

during follow-up period in women and men.  

 

 

 

Leukocyte telomere length at baseline

0,0 0,5 1,0 1,5 2,0 2,5 3,0

L
e

u
k
o

c
y
te

 t
e

lo
m

e
re

 l
e

n
g

th

-2,0

-1,5

-1,0

-0,5

0,0

0,5

1,0

1,5

2,0

Women

Leukocyte telomere length at baseline

0,0 0,5 1,0 1,5 2,0 2,5 3,0

L
e

u
k
o

c
y
te

 t
e

lo
m

e
re

 l
e

n
g

th

-2,0

-1,5

-1,0

-0,5

0,0

0,5

1,0

1,5

2,0

Men

r2=0.44 (95% CI: 0.36 to 0.52)r2=0.30 (95% CI: 0.21 to 0.39)



 15 

 

Figure 2  The association between leisure-time physical activity (LTPA) and leucocyte telomere length at baseline 

in women and men. Analyses are adjusted for age, educational attainment, smoking years, body fat percentage 

and in women with estrogen exposure categorized in two groups (≤35 years and >35 years). Error bars indicate 

95% confidence interval. P-value indicates linearity. 
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Figure 3 Relative change in leukocyte telomere length according to baseline leisure-time physical activity levels 

(LTPA) in women and men (A). Residual change in leucocyte telomere length according to baseline LTPA in 

women and men (B). Values were adjusted for age, educational attainment, smoking years, body fat percentage, 

follow-up time and in women with estrogen exposure categorized in two groups (≤35 years and >35 years). Error 

bars indicate 95% confidence intervals. P-value indicates linearity.  
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