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Abstract
Background: Several epidemiological studies had been carried out in different population cohorts to estimate the relationship
between the shortened telomere length and stroke. However, the results still remained dispute. Consequently, we conducted this
meta-analysis to estimate the relationship between them.

Methods: PubMed, EMBASE, and Web of Science were systematically searched for related articles to evaluate the association
between “stroke” and “telomere length. STATA 12.0 software was used to perform the meta-analysis. The Cochran Q test and
inconsistency index (I2) were used to assess the heterogeneity. Begg funnel plot and Egger test were used to assess publication bias.

Results: The meta-analysis was composed of 11 studies, consisting of 25,340 participants. We found a significant relationship
between shortened telomere length and stroke (OR: 1.50, 95%CI: 1.13–2.0; P= .005); however, in the prospective and retrospective
study subgroup, we did not find a statistical significant relationship between shortened telomere length and stroke (the prospective
subgroup: OR: 1.41, 95% CI: 1–1.98; P= .051) (the retrospective subgroup: OR: 1.89, 95% CI: 0.96–3.72; P= .067).

Abbreviations: GDB = Global Burden of Disease, TL = telomere length.
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1. Introduction according to Global Burden of Disease (GDB) 2013 STUDY, the
[2]
Stroke is a global health problem, consisting the major reason of
disability and death all over the world. It is well known that the
older age, sex, and genetics are risk factors of stroke[1] however;
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burden of global stroke continues to increase globally.
Consequently, it is essential to find out other important genetic
factors related to the mechanisms of the disease.
Telomeres are the DNA–protein structures located at the end

of chromosomes[3]; in regularly, the telomere length of normal
somatic cells is gradually shortened with the cell division. Several
studies had proved that telomere length may be a biomarker for
biological age and age-related diseases,[4–6] including some
cancers, diabetes, chronic kidney diseases, Alzheimer’s disease,
hypertension, cardiovascular diseases.[7–13] Besides, study has
showed that short telomere length is also closely related with
early-onset and delayed carotid atherosclerosis.[14] Telomeres
also has close relationship with the risk factors of cardiovascular
diseases, such as smoking, age, sex, mental stress, excessive
alcohol intake, and so on.[15] Stroke also has a close relationship
with age, cardiovascular diseases, and carotid atherosclerosis;
consequently, it may be associated with TL. Besides, previous
studies had revealed that inflammation factors play an important
role in stroke pathogenesis, and inflammation exerts a strong
influence on immune aging and is closely correlatedwith telomere
length.[16–18] To further access the relationship between telomere
length and stroke, several studies had been conducted in different
population cohorts, including African Americans, Chinese, and
Europeans.[3,7,19] However, the result still remained dispute,
some studies reported that shortened length of telomere was an
independent risk biomarker for stroke,[7,20–22] whereas the other
studies did not get the same conclusion.[21,23] Consequently, we
conducted the meta-analysis to give a more accurate estimate of
the relationship between telomere length and stroke.

2. Methods

2.1. Ethics statement

As all analyses were based on previously published studies, no
ethical approval or patient consent was required.
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2.2. Literature search

Pubmed, EMBASE, and Web of Science were systematically
searched for related articles published before January 2018 to
evaluate the association between “stroke” and “telomere
length”. The following MeSH terms were used: (stroke or
cerebrovascular accident cerebrovascular or Accidents or
cerebrovascular accident, cerebrovascular accident) and (telo-
mere or telomere length). Only articles published in English were
considered to be included. Besides, to find the potential
literatures, hand searching was also performed. Our study was
conducted in accordance with PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses).[24]
2.3. Selection criteria and exclusion criteria

Studies which met the following criteria were considered to be
included: study evaluated the association between short TL and
stroke with a prospective or retrospective design. The study
provided odds ratios (OR), relative risks (RRs), or hazard ratios
(HRs) with 95% confidence intervals (CIs) for shorter (or
shortest) TL, or the studies provided sufficient information to
estimate the above effect sizes. Besides, there were no restrictions
on the type of stroke, the measurement of TL and DNA source.
Studies published in English.
2.4. Exclusion criteria

The exclusion criteria were as follows: studies did not provide
the necessary data information, such as ORs, RRs, or HRs with
95% CIs for shorter (or shortest) TL; studies such as case
reports, review articles, commentaries, and editorials. Studies
did not estimate the relationship between the short TL and
stroke.
2.5. Data extraction

The following information were extracted from the included
studies: the name of the first author, the publication year, the
country, the number of the patients with stroke and the
participants in the studies, study design, the method of measuring
telomere length, the average age, the stroke type, unadjusted odds
ratios (ORs) of shorter telomeres compared with those in the
longer and the 95% CI of the ORs. Data were extracted by 2
reviewers (XJ and XJD) independently from the included studies,
with regard to the conflicts or different opinions during the
process of data extraction, the consensus was resolved by a third
reviewer (DPX and HLW).
2.6. Statistical analysis

STATA 12.0 software (StataCorp, College Station, TX) was used
to perform the meta-analysis. The unadjusted ORs or HRs for
individuals in the 50th percentile of shorter telomeres compared
with those in the longer telomeres and their 95%CI of the studies
were selected in the analysis. The Cochran Q test and
inconsistency index (I2) were used to assess the heterogeneity.
The percentages of I2 around 25%, 50%, and 75% indicate low,
medium, and high heterogeneity, respectively.[25] In this meta-
analysis, the Begg funnel plot and Egger test were also used to
assess publication bias. If the P< .05, it indicates the possibility of
publication bias, and vice versa. Sensitivity analysis was also
conducted to investigate the effect of each study on the overall
result.
2

3. Results

3.1. Literature search

On the initial search, 492 studies were identified by the MeSH
terms mentioned in the search strategy through the literature
search (Fig. 1). After removing the duplicates, 107 articles were
left. Abstracts or articles were screened for eligibility and 26
articles remained. By carefully reviewing these articles, we found
that 9 articles did not report the data of the relationship between
short telomeres and stroke. Besides, telomere length in 6 articles
was not used as a category variable was also excluded. At last, 11
articles which met the inclusion criterion were included in this
meta-analysis.

3.2. Characteristics of the selected studies

The final analysis included 11 studies, consisting of 25,340
participants. Among the included studies, 7[7,21–23,26–28] were
prospective studies, 4[20,29–31] were retrospective studies.
Five[21,23,29–31] studies were carried out in America and
3[22,26,27] in China, the other 3[7,20,28] studies were implemented
in the United Kingdom, Spain, and Danish, respectively. Five[21–
23,27,30] studies reported the ischemic stroke as the endpoint
event; the other 2[20,26] studies reported the atherothrombotic
stroke and cardioembolic as the endpoint event respectively,
whereas the remained 4[7,28,29,31] studies did not report the stroke
type (Table 1).
3.3. The main outcomes and subgroup analysis

The raw data were extracted from 11 included studies, when the
eligible studies were pooled into the meta-analysis, we found a
significant relationship between shortened telomere length and
stroke (OR: 1.50, 95% CI: 1.13–2.0; P= .005), subgroup
analysis was performed among the included studies by study
design, however, in the prospective and retrospective study
subgroup, we did not find a statistically significant association
between shortened telomere length and stroke (the prospective
subgroup: OR: 1.41, 95% CI: 1–1.98; P= .051); (the retrospec-
tive subgroup: OR: 1.89, 95% CI: 0.96–3.72; P= .067) (Fig. 2).
Besides, subgroup analysis was also performed among the

included studies by age, sex, sample size (Table 2). From
the subgroup analysis, we can conclude that the pooledORs were
increased in several subgroups. The pooled OR of younger
participants was higher than the pooled OR for older
participants, and was statistically significant (OR: 2.249, 95%
CI: 1.363–3.712, P< .001). Besides, studies with the sample size
under 1000 have a statistical significance increased risk compared
with smaller sample size (OR: 1.214, 95% CI: 1.039–1.390,
P< .001). However, in the sex subgroup, we could not find a
statistical significance between female and male (Table 2).
3.4. Heterogeneity and sensitivity analysis

A fixed effects meta-analytic estimate was calculated first,
however, the overall I2-statistic was 74% (P= .000), which
meant the heterogeneity was relatively high; consequently, the
random-effect model was conducted in the meta-analysis.
According to the sensitivity analysis (exclusion one of the
included studies at a time), we did not find any single study can
change the pooled ORs qualitatively; consequently, we can
conclude that the results of the meta-analysis was stable
(Fig. 3).



Figure 1. Flow chart for the process of selecting eligible publications.
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3.5. Publication bias

The potential publication bias was estimated by Begg funnel plot
with pseudo 95% CIs, according to the Begg test, the result
suggests no obvious publication bias (Pr> jzj=0.697, P> .05)
(Fig. 4).

4. Discussion

In this meta-analysis, 11 cohort studies consisting of 25,340
participants were used to evaluate the relationship between
shortened telomere length and the risk of stroke. According to the
result, the shortened telomere length is significantly related with
stroke.
Previous studies have proved that oxidative stress is an early

response to cerebral ischemia and is likely to play an important
role in the pathogenesis of cerebral ischemic injury and neuronal
damage.[32,33] Besides, oxidative stress is also regarded as the
Table 1

Characteristics of the included studies.

First author Year Region Total patients Stroke events

Ellehoj[7] 2016 Danish 1397 58
Allende[20] 2016 Spain 187 94 C
Weischer[23] 2014 America 4576 195
Zhang[26] 2013 China 3557 767 At
Jiang[27] 2013 China 450 150
Schürks[21] 2013 America 1008 504
Ding[22] 2012 China 2618 1081
Fitzpatrick[30] 2011 America 1136 33
Fyhrquist[29] 2011 America 9193 25
Willeit[28] 2010 UK 800 46
Fitzpatrick[31] 2007 America 418 42

NA=not applicable, qPCR=quantitative polymerase chain reaction.
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important contributor to pathophysiologic sequelae of stroke and
is progressive after stroke.[34] Antioxidants have also been treated
as the treatment of stroke.[35,36] In brief, oxidative stress level is
increased in patients with stroke and plays an important role in
the mechanism of stroke. Although the role of oxidative stress in
telomere attrition in vivo is still unclear, the association between
telomere attrition and stroke has been proved by experimental
and clinical studies.[37,38] The increased concentrations of iron in
the body can cause oxidative stress and consequently can lead to
shortening of telomeres. Besides, the site-specific DNA damage at
the GGG sequence by oxidative stress may play an important role
in increasing the rate of telomere shortening with aging.
Consequently, the shortening of telomere length in stroke
patients may be caused by elevated oxidative stress; however,
the mechanisms still need to be further explored.
Studies have proved that telomere length acts as an indepen-

dent predictor of atherosclerosis, which is an early marker of
Stroke type Study design Method Risk (95% CI)

NA Prospective study qPCR 1.08 (0.70–1.67)
ardioembolic stroke Retrospective study qPCR 5.64 (1.84–17.30)
Ischemic stroke Prospective study qPCR 0.95 (0.64–1.41)

herothrombotic stroke Prospective study qPCR 1.37 (1.06–1.77)
Ischemic stroke Prospective study qPCR 4.0 (1.28–12.74)
Ischemic stroke Prospective study qPCR 0.82 (0.52–1.32)
Ischemic stroke Prospective study PCR 2.21 (1.73–2.84)
Ischemic stroke Retrospective study qPCR 1.61 (0.46–5.68)

NA Retrospective study qPCR 1.02 (0.96–2.10)
NA Prospective study qPCR 2.24 (0.93–5.42)
NA Retrospective study qPCR 2.09 (1.17–3.74)

http://www.md-journal.com
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Figure 2. Meta-analysis of the association between telomere length and stroke.
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vascular burden. Other studies have suggested that there is a
close relationship between carotid atherosclerosis and the
occurrence of progressive ischemic stroke.[40] Besides, telomere
length plays an important role in different stages of atheroscle-
Table 2

Subgroup analysis of the meta-analysis.

Sample

Variables No. of cohorts Case Control Shorter vs longe

Age 9 2.249 (1.36
Over 70 4,045 11,052 2.076 (1.20
Under 70 2,962 4,045 3.080 (1.31
Sex 6
Female 8,676 3,486 1.056 (0.97
Male 8,676 5,190 0.965 (0.90
Sample size 11 1.214 (1.03
>1000 3,418 29,980 1.189 (1.01
<1000 181 1247 2.195 (1.10

4

rosis, which is likely to cause stroke. Consequently, the
relationship between telomere length shortening and stroke
patients may also be induced by atherosclerosis. Besides, the
mutations in genes can lead to telomerase failure and telomere
r OR (95% CI) P for heterogeneity I2 (%) P between groups

3–3.712) P< .001 98.1 P< .001
4–3.578) P< .001 98. 4
8–6.853) P< .001 98. 1

.463
6–1.143) 0.460 0
0–1.034) 0.690 0
9–1.390) 0.007 0.0 P< .001
1–1.366) 0.004 66.1
1–3.290) 0.816 58.7



Figure 3. Sensitivity analyses of selected studies.
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shortening, some recessive inherited disease can involve multiple
systems, such as the Anderson–Fabry disease can impair the
central nervous system, the manifestation is cerebral infarction
and transient ischemic attack, which is closely related with
stroke.[41–44]

The overall results of this meta-analysis showed a significant
relationship between shortened telomere length and stroke,
whereas the results of the subgroups did not show the same
conclusion. However, we should still focus on the result of the
overall result. Relevant study indicated that debates about
subgroup effects may be framed as absolute acceptance or
Figure 4. Begg funnel plot

5

rejection, yes or no with nothing in between, which is undesirable
and destructive.[45] Besides, other studies revealed that subgroup
analysis and interaction analysis are exploratory in most cases,
consequently, the results of subgroup analysis should be treated
objectively, and the focus should always be on the overall effects
instead the results of subgroup analysis and subgroup
effects.[46,47] In this meta-analysis, we performed the subgroup
analyses by the type of study instead of the intervention, and the
subgroup analyses were conducted for purpose of exploring the
publication bias. That the outcomes of prospective and
retrospective subgroups were different from the overall result
with pseudo 95% CIs.

http://www.md-journal.com
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may be caused by the number of the studies or other factors.Many
studies have reported that there exists difference of telomere length
between sex; however, we did not find the same result in the
subgroup meta-analysis, because of insufficient information, we
did not make further analysis.[48] Besides, there were different
stroke subtypes in the included studies, because of insufficient
information, we also did not make the subgroup analysis.
Several limitations of the current meta-analysis should be

noted. First, publication bias may exist in this meta-analysis,
studies included in this meta-analysis were selected, whereas the
studies reported the negative were less likely to be published.
Besides, this study only estimate the studies published in English,
which can also lead to publication bias. Thirdly, although the
quantitative PCR based method were used to measure the
telomere length in the included studies, the telomere length was
reported in different ways, including T/S ratio and KB, which can
also induce less accurate conclusions.
In conclusion, we can conclude that shortened telomere length

is related to the risk of stroke. In this meta-analysis, however,
because there are still some potential confounders including the
stroke subtypes, sex, we did not make analysis. Consequently,
further studies with larger sample size and more detailed
information are needed to clarify whether telomere shortening
is a cause or a consequence of stroke.
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