
82

Telomeres are gene-poor, repetitive TTAGGG nucleotide 
sequences that cap the ends of chromosomes.1 Folding 

back on themselves to form a protective loop, they help stabi-
lize chromosomes through preventing degradation, end-to-end 
fusion, and abnormal recombination of DNA strands.2 With 
each cell cycle telomeres shorten 30 to 200 nucleotides.3 This 
process is further accelerated as a result of oxidative stress and 
chronic inflammation.4,5 After telomeres decrease in size to a 
critical length, they are no longer able to serve their protective 
purposes. Consequently, cell cycle arrest (senescence) or apop-
tosis is activated.6 Because increased cellular senescence and 
oxidative stress are both key indicators of aging, it has been 
suggested recently that a shortened average telomere length 
could serve as a biomarker for aging and age-related diseases.7
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Cardiovascular disease (CVD) and type 2 diabetes mellitus 
(T2D) are 2 disorders clearly related to age and a reduced life 
span.8 The incidence of these cardiometabolic outcomes dem-
onstrates great interindividual variability within the same age 
group, suggesting that chronological age is not a precise mea-
sure of health status.9 There is therefore great use in identifying 
a biomarker that could provide further information about one’s 
cardiometabolic health in addition to (or in place of) chronolog-
ical age, as it would aid in both the prediction and the preven-
tion of disease. Telomere length may be one such biomarker.

To date, studies of the association between leukocyte telomere 
length (LTL), which reflects telomere length throughout the 
body,10 and cardiometabolic outcomes have yielded conflicting 
results. For example, some studies have reported a significant 
association between telomere length and stroke,11–14 whereas 
others have failed to demonstrate any such association.15–19 
This inconsistency, which is also seen in studies investigating 
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other cardiometabolic outcomes, indicates that individual stud-
ies may not be statistically powered to detect true associations 
because of inadequate sample sizes. Furthermore, unstandard-
ized laboratory techniques, different study designs, and ethnic 
diversity within study patient populations have also been sug-
gested as plausible explanations for heterogeneous results.20,21

The primary objective of this systematic review and meta-
analysis is to provide insight into the use of LTL as a bio-
marker of aging through a comprehensive assessment of the 
relationship between shortened LTL and the cardiometabolic 
outcomes of stroke, myocardial infarction (MI), and T2D. 
Secondary outcomes investigated include coronary artery dis-
ease (CAD), CVD-related death, and a major adverse cardiac 
event (MACE) composite outcome.

Methods
Eligibility Criteria
Articles deemed eligible for inclusion into the systematic review re-
ported a hazard ratio or odds ratio (OR) for the association between 
LTL and ≥1 of the following outcomes: stroke, MI, T2D, CAD, 
CVD-related death, or MACE composite. CAD was defined as an-
gina or a nonfatal ischemic heart disease composite (International 
Classification of Disease-Tenth Revision; codes I20–I25 or equiva-
lent). MACE was defined as stroke, MI or CVD-related death. Both 
cross-sectional and prospective studies were selected for inclusion. If 

multiple publications reported the same outcome in identical popu-
lations, only the most recent publication was included. Publications 
were excluded if telomere length was not measured in leukocytes. No 
restrictions were placed on sample size, language of publication, date 
of publication, or publication status.

Information Sources and Search Strategy
Articles were accessed through OVID from the MEDLINE (1966 
to present) and EMBASE (1980 to present) electronic databases. 
Limitations on the search restricted citations to only those includ-
ing humans. Key MeSH terms used in the search strategy included: 
telomere, MI, stroke, diabetes mellitus, and death. See Tables I and 
II in the Data Supplement for complete search strategy for both data-
bases. The last search was run on September 9, 2013. To identify fur-
ther citations, the reference lists of articles retrieved were also hand 
searched.

Study Selection, Data Collection, and Data Items
Two reviewers, M.D. and S.R., independently selected studies for 
full-text review through title and abstract screening of citations re-
trieved from all sources. Full-text screening for final inclusion into 
the systematic review was also performed independently by both 
reviewers. Cohen’s unweighted κ was used to evaluate agreement 
between both reviewers at each screening stage, and disagreements 
were resolved through consensus.

A data abstraction sheet was designed and piloted with 10 ran-
domly selected studies. M.D. and S.R. independently extracted data 
pertaining to (1) study type, (2) patient baseline characteristics, (3) 

Figure 1.  Flow diagram for the process of selecting eligible publications.
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LTL measurement technique, (4) study quality indicators, and (5) 
ORs or hazard ratios and the associated 95% confidence interval (CI). 
Disagreements were resolved through consensus.

Risk of Bias in Individual Studies
Risk of bias was independently assessed at the outcome level using an 
adapted version of the Newcastle–Ottawa Scale.22 Briefly, case–con-
trol and cohort studies were scored in 3 separate categories: selection, 
comparability, and exposure/outcome. Overall, each study received a 
rating from 0 to 8 stars depending on the likelihood of bias. A priori 
we established that 0 to 2, 3 to 5, and 6 to 8 stars would be considered 
at high, moderate, and low risk of bias, respectively.

Summary Measures, Synthesis of Results, and Risk 
of Bias Across Studies
The main summary measure was the pooled OR and 95% CI of a 
cardiometabolic outcome per-SD decrease in LTL. Cardiometabolic 
outcomes are relatively rare events and as such we treated hazard ra-
tios as approximates of ORs. As described in the Methods in the Data 
Supplement, an effort was made to convert to per-SD decrease when 
associations were reported based on quantile comparisons of LTL (ie, 
shortest versus longest quantile). Only the most adjusted effect mea-
sures were used so as to account for confounding.

The pooled OR was computed using the generic inverse variance 
method. This method weighs each study according to the inverse of the 
variance of the effect estimate to minimize uncertainty in the pooled 
effect estimate. Heterogeneity was assessed using the Cochran Q test 
and considered to be significant if P<0.05. In addition, I2 was used 
as a measure of the portion of total variation in estimates that was 
because of heterogeneity. High heterogeneity was defined as I2 >50%, 
whereas moderate and low heterogeneity were defined as <50% and 
25%, respectively. Pooled summary estimates were initially calcu-
lated using the fixed effect model; however, if significant heterogene-
ity was observed, a random effects model was alternatively used. To 
assess for publication bias across studies inverted funnel plots were 
created for each outcome and visually inspected for asymmetry. A 
priori subgroup analyses based on study type, LTL measurement 
technique, sample size, and population ethnicity were conducted to 
examine possible sources of heterogeneity. Sensitivity analyses, also 
specified a priori, were conducted to observe the impact of removing 
studies at high or moderate risk of bias, and studies using highly vari-
able LTL measurement techniques (interassay coefficient of variation 

>10%). Statistical analyses were conducted using Review Manager 
(v5.2). All reported P values were 2-sided.

Results
Selection and Characteristics of Included Studies
As shown in Figure  1, the electronic database search of 
MEDLINE and EMBASE resulted in the identification of 
3382 relevant citations. A total of 2112 records remained 
after duplicate citations were removed and 2023 of these 
were excluded after title and abstract review for not meet-
ing inclusion criteria. The full-text review of the 89 remain-
ing articles yielded 27 publications for inclusion into the 
systematic review. No additional citations were retrieved 
from searching reference lists. Key reasons for exclusion 
included no cardiometabolic outcomes of interest mea-
sured (58), telomere length not obtained from leukocytes 
(2), and multiple publications of the same data set (2). A 
Cohen’s unweighted κ of 0.83 was achieved signifying good 
agreement between both reviewers. Among the 27 included 
publications in the systematic review, 1 was excluded from 
quantitative meta-analysis because of not providing enough 
information to calculate an appropriate OR and 95% CI.23 
When necessary, authors of included studies were contacted 
for further information with respect to study characteristics 
or reported results.

Tables 1 to 3 describe the characteristics of included stud-
ies assessing stroke, MI, and T2D. Studies assessing CAD, 
CVD-related death, and MACE are presented in Tables III 
to V in the Data Supplement. One publication consisted of 
both a case–control and cohort study and therefore a total of 
12 case–control and 15 cohort studies were included into the 
meta-analysis.11 Participants from the Cardiovascular Health 
Study and the Physicians Health Study were both included 
in multiple publications; however, different outcomes were 
reported.12,18,25,34 Several studies investigated LTL in spe-
cific ethnic groups. European white was the ethnic group 

Table 1.  Characteristics of Included Studies Assessing the Association Between LTL and Stroke

Source
Study  
Design Follow-Up, y

Events/
Nonevents, n

Hospital vs 
Population  

Based
Average 
Age, y Comorbidity Ethnicity LTL Assay CV,* %

NOS Quality Score†

S C E/O

Ding et al11 Case–control … 1309/1309 Population 66 … Asian qPCR 1.3 4 2 3

Jiang et al15 Case–control … 150/150‡ Population 51 … Asian qPCR 6.7 4 2 3

Schürks et al16 Case–control … 504/504§ Population 61 … Mixed qPCR 22 2 2 3

Zee et al18 Case–control … 259/259|| Population 62 … Mixed qPCR <2.0 3 2 3

Zhang et al19 Case–control … 503/1801 Hospital 60 … Asian qPCR 6.4 3 2 3

Ding et al11 Cohort 5.0 137/721 Hospital 60 Previous stroke Asian qPCR 1.3 2 2 3

Fitzpatrick et al12 Cohort 7.0 42/357 Population 74 … Mixed SB 1.5 2 2 2

Fyhrquist et al13 Cohort >4.0 43/1228 Hospital 64 LVH Mixed SB 3.7 2 2 3

Willeit et al14 Cohort 4.4 46/754 Population 63 … White qPCR  2.4 2 2 2

Yang et al17 Cohort 5.0 NR Population 53 Hypertensive Asian qPCR 6.8 3 2 2

CV indicates coefficient of variation; LTL, leukocyte telomere length; LVH, left ventricular hypertrophy; NOS, Newcastle–Ottawa Scale; NR, not reported; qPCR, 
quantitative polymerase chain reaction; and SB, southern blot.

*CV=SD/mean of replicates run at different time points.
†Newcastle–Ottawa Scale: C, comparability (scored out of 2); E/O, exposure/outcome (scored out of 3); and S, selection (scored out of 4).
‡Controls are matched siblings.
§Women only; ||men only.
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predominantly reported, followed by Asian. Only 1 study 
presented effect measures stratified based on different ethnici-
ties.30 All studies enrolled a similar amount of men and women, 
except for 5 that were sex specific.16,18,25,30,35 Quantitative poly-
merase chain reaction (qPCR) was the primary method of 
telomere measurement, with 4 studies using the Southern blot 
technique.12,13,24,34 Reported mean CVs ranged from 1.3% to 
22%. Each study adjusted their reported effect measure for 
a variety of confounding variables and these are described in 
Tables VI to XI in the Data Supplement.

Risk of Bias Within Studies
The risk of bias assessment is presented at the outcome level in 
Tables 1 to 3. The majority of studies included had a low risk 
of bias according to the Newcastle–Ottawa Scale quality score. 
Two studies did not adjust for age in the experimental design 
and analysis36,37 and thus were considered at risk of bias given 
the strong relationship between LTL and age. Lack of blinding 
of laboratory technicians and the use of highly specific patient 
populations were considered as further sources of bias.

Primary Outcomes: Stroke, MI, and T2D
A consistent positive association between per-SD decrease in 
LTL and all 3 primary cardiometabolic outcomes was observed 

(Figure 2). The 10 studies reporting stroke had a pooled OR of 
1.21 (95% CI, 1.06–1.37) and displayed significant heteroge-
neity (I2=61%; P<0.01) when meta-analyzed using a random 
effects model. A more modest summary OR was identified 
when combining the 6 studies that reported on MI using a 
random effects model (OR, 1.24; 95% CI, 1.04–1.47). A high 
level of heterogeneity was also detected between these studies 
(I2=68%; P<0.01). The largest effect size was observed with 
respect to T2D (OR, 1.37; 95% CI, 1.10–1.72). Significant 
heterogeneity was detected (I2=91%; P<0.01) among the 7 
studies meta-analyzed using a random effects model. The 1 
study not included into the quantitative meta-analysis reported 
an association between a decrease in LTL and T2D (OR, 1.24; 
95% CI, 1.09–1.42).23

Secondary Outcomes: CAD, CVD Death, MACE 
Composite
A significant association between per-SD decrease in LTL 
and CAD was not observed when 7 studies assessing the 
outcome were pooled using a fixed effect model (OR, 1.03; 
95% CI, 0.98–1.08; I2=41%). However, positive associa-
tions between per-SD decrease in LTL and the CVD death 
and MACE outcomes were identified. With respect to CVD 
death, 6 studies were combined using a fixed effect model to 

Table 3.   Characteristics of Included Studies Assessing the Association Between LTL and Type 2 Diabetes Mellitus

Source
Study  
Design Follow-Up, y

Events/
nonevents, n

Hospital vs 
Population Based Average Age, y Comorbidity Ethnicity LTL Assay CV,* %

NOS Quality Score†

S C E/O

Olivieri et al27 Case–control … 103/104 Population 69 … White qPCR 6.0 3 2 2

Salpea et al28 Case–control … 569/448 Population 59 … Mixed qPCR 5.6 2 1 2

Shen et al29 Case–control … 1936/2080 Population 65 … Asian qPCR 2.0 4 2 2

You et al30 Case–control … 1668/2361‡ Population 62 … Hispanic qPCR 5.7 3 2 2

Zee et al31 Case–control … 434/424 Population 56 … Mixed qPCR 5.0 4 2 3

Hovatta et al32 Cohort 8.5 130/172 Hospital 55 IGT White qPCR 14 2 2 3

Zhao et al33 Cohort 5.5 292/2036 Population 40 … Native 
American

qPCR 6.9 3 2 2

CV indicates coefficient of variation; IGT, impaired glucose tolerance; LTL, leukocyte telomere length; NOS, Newcastle–Ottawa Scale; and qPCR, quantitative 
polymerase chain reaction.

*CV=SD/mean of replicates run at different time points.
†Newcastle–Ottawa Scale: C, comparability (scored out of 2); E/O, exposure/outcome (scored out of 3); and S, selection (scored out of 4).
‡Women only.

Table 2.   Characteristics of Included Studies Assessing the Association Between LTL and Myocardial Infarction

Source Study Design Follow-Up, y
Events/

Nonevents, n
Hospital vs  

Population Based Average Age, y Comorbidity Ethnicity LTL Assay CV,* %

NOS Quality Score†

S C E/O

Brouilette et al24 Case–control … 203/180 Hospital 47 … White SB 3.3 1 2 3

Zee et al25 Case–control … 337/337‡ Population 60 … Mixed qPCR 5.0 3 2 3

Fitzpatrick et al12 Cohort 7.0 36/352 Population 74 … Mixed SB 1.5 2 2 2

Fyhrquist et al13 Cohort >4.0 69/1202 Hospital 64 LVH Mixed SB 3.7 2 2 3

Weischer et al26 Cohort 17,§ 6|| 939/18355 Population 58 … White qPCR 9.0 3 2 3

Willeit et al14 Cohort 4.4 43/757 Population 63 … White qPCR 2.4 2 2 2

CV indicates coefficient of variation; LTL, leukocyte telomere length; LVH, left ventricular hypertrophy; NOS, Newcastle–Ottawa Scale; qPCR, quantitative polymerase 
chain reaction; and SB, southern blot.

*CV=SD/mean of replicates run at different time points.
†Newcastle–Ottawa Scale: C, comparability (scored out of 2); E/O, exposure/outcome (scored out of 3); and S, selection (scored out of 4).
‡Men only.
§Copenhagen City Heart Study; ||Copenhagen General Population Study.
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obtain a pooled OR that reached significance (OR, 1.11; 95% 
CI, 1.00–1.22; I2=29%). Three studies reported a MACE 
composite and when meta-analyzed using a fixed effect 
model a significant association was observed (OR, 1.14; 
95% CI, 1.02–1.29). A high level of heterogeneity was pres-
ent (I2=64%). See Figures I to III in the Data Supplement for 
corresponding forest plots.

Subgroup Analysis
Subgroup analysis by measurement technique, study type, 
study size, and ethnicity is presented for each primary outcome 
in Figure 3. Stratifying by qPCR or Southern blot explained 
some of the heterogeneity in the association between short-
ened LTL and stroke. I2 decreased from 61% overall to 35% 
for studies using Southern blot and 58% for studies using 
qPCR (P=0.03 for subgroup differences).

Stratifying by study design explained the high level of het-
erogeneity within the MI (P=0.01 for subgroup differences) 
and stroke (P=0.03 for subgroup differences) meta-analyses. 
With respect to MI, case–control studies had a low level of 
heterogeneity (I2=0%), whereas cohort studies had a moder-
ate level (I2=45%). Only the case–control subgroup stayed 
significantly associated with a shortened LTL after stratifi-
cation. Within the stroke meta-analysis, case–control stud-
ies (I2=66%) and cohort studies (I2=56%) remained at a high 
level of heterogeneity. The case–control subgroup was no 

longer significantly associated with a shortened LTL after 
stratification.

Study size subgroup differences were also observed in the 
MI pooled assessment (P<0.01). The high level of heterogene-
ity within the pooled OR for MI (I2=85%) was almost com-
pletely eliminated when stratifying studies by 0 to 499, 500 to 
999, and >1000 participants (I2 of 0%, 0%, and 37%, respec-
tively). The association with shortened LTL remained in the 2 
smaller sized subgroups.

Stratifying by mean age explained some of the hetero-
geneity within the stroke meta-analysis. I2 decreased to 2% 
for studies using participants with a mean age between 51 
and 60 years and 38% for studies using participants with a 
mean age between 61 and 70 years (P=0.01 for subgroup 
differences).

Significant subgroup differences were not observed when 
stratifying by ethnicity or study design.

Assessment of Publication Bias and Sensitivity 
Analysis
Publication bias was assessed for all outcomes through visu-
ally inspecting asymmetry in the funnel plots presented in 
Figure  4. The funnel plots for both MI and T2D demon-
strated moderate asymmetry indicating publication bias. 
There was little evidence to suggest significant publication 
bias with respect to stroke and secondary outcomes (Figure 

Figure 2.  Forest plot of primary cardiometabolic outcomes. Results are presented for random effects models. CI indicates confidence 
interval; IV, inverse variance method; and LTL, leukocyte telomere length.
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IV in the Data Supplement). Removing studies at high or 
moderate risk of bias according to the overall Newcastle–
Ottawa Scale quality score did not significantly alter the 
associations in any of the cardiometabolic outcomes of inter-
est. Similarly, removing studies not reporting a coefficient of 
variation (or reporting a coefficient of variation >10%) had 
no significant effect on any pooled ORs (Table XII in the 
Data Supplement).

Discussion
In this systematic review and meta-analysis of 27 observa-
tional studies, a constant positive association with per-SD 
decrease in LTL was observed across all primary cardiomet-
abolic outcomes assessed. The main strength of this review 

lies in the fact that it is a pooled analysis of LTL and car-
diometabolic outcomes, thus providing the greatest power to 
detect associations missed by smaller individual studies. Fur-
thermore, the large number of outcomes assessed within this 
review allows for a more comprehensive evaluation of LTL as 
a general biomarker of aging.

MI is a consequence of interrupted blood flow to the 
heart subsequently leading to the death of cardiomyocytes.38 
Likewise, stroke is characterized by the sudden loss of blood 
supply to the brain resulting in neuronal death.39 Both car-
diometabolic outcomes are often caused by the formation 
of unstable atherosclerotic plaques over time within vascu-
lar tissue. It has been shown that plaques form as a product 
of impaired endothelial repair and vessel remodeling, high 
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cell turnover, increased oxidative stress, and upregulation of 
inflammatory factors.40 Interestingly, these plaque formation 
processes have all been shown to be associated with decreased 
telomere length in vascular cells.41 When considered with the 
fact that LTL is highly correlated with vascular tissue telomere 
length, it is reasonable to expect shortened LTL in patients 
at risk of stroke or MI. Evidence from our meta-analysis 
aligns directly with this hypothesis as we have found that a 
per-SD decrease in LTL confers a higher risk for both stroke 
(OR, 1.21; 95% CI, 1.06–1.37) and MI (OR, 1.24; 95% CI, 
1.04–1.47).

CVD-related death had the smallest effect size, despite all 
primary cardiometabolic outcomes demonstrating significant 
associations with a shortened LTL. A possible explanation for 
this is a lack of statistical power because of a relatively low 
number of events observed. In addition, the age of partici-
pants studied may have diminished the pooled estimate as it 
has been reported that LTL is a poor predictor of survival in 
elderly individuals (aged >75 years).42 Two studies included 
in the meta-analysis used populations with a mean age >75 
years.35,36

An interesting result was the significant association between 
a shortened LTL and the MACE composite outcome, suggest-
ing that patients experiencing any events because of general 
cardiovascular aging had a shorter LTL. This effect has been 
observed and quantified in a study where it was shown that 
LTL in patients with CAD was similar to that of healthy con-
trols who were 11 years older.24

T2D is a metabolic disorder characterized by increased 
blood glucose levels because of pancreatic β-cell dysfunction 
in the context of increased insulin requirements.43 Because 
T2D is a strong predictor for CVD, it has been hypothesized 
that a common biological pathway based on tissue aging and 
senescence could potentially link the 2 diseases.44 Our find-
ings of a significant relationship between a shortened LTL and 
T2D provide evidence for this hypothesis. Further support of 
this relationship can be seen in studies reporting cardiovascu-
lar events in diabetic patients. For instance, it has been shown 

that patients with T2D and MI have a shorter LTL when com-
pared with T2D controls.27

Paradoxically, CAD was the only outcome measured 
to not have a significant association with shortened LTL, 
although a consistent trend was observed (OR, 1.03; 95% 
CI, 0.98–1.08). Given our other findings, this result may 
imply that LTL is a potential marker of plaque rupture and 
thrombosis causing MI rather than the progression of ath-
erosclerosis. However, there is substantial evidence for a 
biological relationship between shortened telomere length 
and atherosclerosis.45 Notably, a recent genome wide meta-
analysis revealed an association between single-nucleotide 
polymorphisms associated with shortened LTL and an 
increased risk of CAD.46 This suggests a causal relation-
ship between shortened telomere length and atheroma 
plaque build-up although MI was included in the definition 
of CAD. A likely reason for our findings for CAD is that 
several studies were excluded either because they did not 
meet our strict clinical definition of CAD (angina or nonfa-
tal ischemic heart disease) or because we could not extract 
relevant effect estimates.

Heterogeneity was observed in some of the subgroup anal-
yses; however, this was not consistent across all 3 primary 
outcomes. As compared with qPCR, the use of Southern blot 
was associated with a modestly stronger effect estimate for 
stroke, but not for MI. A plausible explanation is increased 
measurement error associated with qPCR biased the effect 
estimate toward the null, although sample size was also 
smaller in studies using Southern blot. A subgroup differ-
ence between study designs in the MI meta-analysis was also 
observed. Only the case–control subgroup remained signifi-
cant (OR, 1.51; 95% CI, 1.25–1.82) after stratification sug-
gesting that reverse causation or other biases might inflate 
risk estimates. Finally, study size was inversely correlated 
with strength of association for T2D and MI, indicating 
potential publication bias.

Limitations
Some limitations exist to the results presented in this meta-
analysis. First, reporting of LTL as a variable differed between 
many studies and consequently statistical techniques were used 
to standardize reported effect measures to per-SD decrease. 
These statistical methods are most accurate for converting 
from LTL categorized as an ordinal variable (tertiles or quar-
tiles) when there is a linear association with risk. Most studies 
included in this meta-analysis demonstrate the linearity of this 
association, but because of smaller sample sizes some studies 
deviate from it. Moreover, based on the assumption that LTL 
is a true biomarker for aging, the inclusion of effect measures 
adjusted for chronological age likely attenuates the strength of 
association with cardiometabolic outcomes. With the excep-
tion of 2,36,37 all studies included in this meta-analysis are 
adjusted for age and as such our findings are likely underesti-
mates of underlying associations.

Finally, ethnic subgroup analysis was hindered because of 
lack of reporting of ethnicity-specific effect measures. Some 
studies included into the meta-analysis used multiethnic 
populations and adjusted for this in their analysis but did not 
report ethnic-specific estimates. These authors were contacted 

Figure 4.  Funnel plots depicting the level of publication bias 
within the (A) stroke, (B) myocardial infarction, and (C) type 2 
diabetes mellitus outcomes.
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for further information on ethnic group–specific effect mea-
sures, but no response was received. Although limited, we 
performed the subgroup analysis including a mixed group to 
represent studies reporting adjusted analysis for multiethnic 
populations.

Conclusions
We present a systematic review and meta-analysis evaluating 
the use of LTL as a biomarker for aging through its association 
with age-related cardiometabolic outcomes. Despite a signifi-
cant association between per-SD decrease in LTL and all pri-
mary outcomes measured, the results from this meta-analysis 
should be interpreted carefully as the observed heterogeneity 
is yet to be fully explained. Larger observational studies, with 
well-characterized patient populations and reliable LTL mea-
surement techniques, are required to further explore sources 
of heterogeneity and ultimately validate the use of LTL as a 
marker for biological age.

Disclosures
None.

References
	 1.	 Moyzis RK, Buckingham JM, Cram LS, Dani M, Deaven LL, Jones MD, et al. 

A highly conserved repetitive DNA sequence, (TTAGGG)n, present at the telo-
meres of human chromosomes. Proc Natl Acad Sci USA. 1988;85:6622–6626.

	 2.	 Ducray C, Pommier JP, Martins L, Boussin FD, Sabatier L. Telomere 
dynamics, end-to-end fusions and telomerase activation during the hu-
man fibroblast immortalization process. Oncogene. 1999;18:4211–4223. 
doi:10.1038/sj.onc.1202797.

	 3.	 Harley CB, Futcher AB, Greider CW. Telomeres shorten during ageing of 
human fibroblasts. Nature. 1990;345:458–460. doi:10.1038/345458a0.

	 4.	 Oikawa S, Kawanishi S. Site-specific DNA damage at GGG sequence 
by oxidative stress may accelerate telomere shortening. FEBS Lett. 
1999;453:365–368.

	 5.	 O’Donovan A, Pantell MS, Puterman E, Dhabhar FS, Blackburn EH, Yaffe 
K, et al; Health Aging and Body Composition Study. Cumulative inflam-
matory load is associated with short leukocyte telomere length in the 
Health, Aging and Body Composition Study. PLoS One. 2011;6:e19687. 
doi:10.1371/journal.pone.0019687.

	 6.	 Allsopp RC, Harley CB. Evidence for a critical telomere length in se-
nescent human fibroblasts. Exp Cell Res. 1995;219:130–136. doi:10.1006/
excr.1995.1213.

	 7.	 Sanders JL, Newman AB. Telomere length in epidemiology: a bio-
marker of aging, age-related disease, both, or neither? Epidemiol Rev. 
2013;35:112–131.

	 8.	 Kannel WB, McGee DL. Diabetes and cardiovascular disease. The Fram-
ingham study. JAMA. 1979;241:2035–2038.

	 9.	 Booth GL, Kapral MK, Fung K, Tu JV. Relation between age and cardio-
vascular disease in men and women with diabetes compared with non-
diabetic people: a population-based retrospective cohort study. Lancet. 
2006;368:29–36. doi:10.1016/S0140-6736(06)68967-8.

	10.	 Daniali L, Benetos A, Susser E, Kark JD, Labat C, Kimura M, et al. Telo-
meres shorten at equivalent rates in somatic tissues of adults. Nat Com-
mun. 2013;4:1597. doi:10.1038/ncomms2602.

	11.	 Ding H, Chen C, Shaffer JR, Liu L, Xu Y, Wang X, et al. Telomere length 
and risk of stroke in Chinese. Stroke. 2012;43:658–663. doi:10.1161/
STROKEAHA.111.637207.

	12.	 Fitzpatrick AL, Kronmal RA, Gardner JP, Psaty BM, Jenny NS, Tracy RP, 
et al. Leukocyte telomere length and cardiovascular disease in the cardio-
vascular health study. Am J Epidemiol. 2007;165:14–21. doi:10.1093/aje/
kwj346.

	13.	 Fyhrquist F, Silventoinen K, Saijonmaa O, Kontula K, Devereux RB, de 
Faire U, et al. Telomere length and cardiovascular risk in hypertensive pa-
tients with left ventricular hypertrophy: the LIFE study. J Hum Hypertens. 
2011;25:711–718. doi:10.1038/jhh.2011.57.

	14.	 Willeit P, Willeit J, Brandstätter A, Ehrlenbach S, Mayr A, Gasperi A, et al. 
Cellular aging reflected by leukocyte telomere length predicts advanced 

atherosclerosis and cardiovascular disease risk. Arterioscler Thromb Vasc 
Biol. 2010;30:1649–1656. doi:10.1161/ATVBAHA.110.205492.

	15.	 Jiang X, Dong M, Cheng J, Huang S, He Y, Ma K, et al. Decreased leu-
kocyte telomere length (LTL) is associated with stroke but unlikely to be 
causative. PLoS One. 2013;8:e68254. doi:10.1371/journal.pone.0068254.

	16.	 Schürks M, Prescott J, Dushkes R, De Vivo I, Rexrode KM. Telomere 
length and ischaemic stroke in women: a nested case-control study. Eur J 
Neurol. 2013;20:1068–1074. doi:10.1111/ene.12135.

	17.	 Yang Z, Huang X, Jiang H, Zhang Y, Liu H, Qin C, et al. Short telomeres 
and prognosis of hypertension in a chinese population. Hypertension. 
2009;53:639–645. doi:10.1161/HYPERTENSIONAHA.108.123752.

	18.	 Zee RY, Castonguay AJ, Barton NS, Ridker PM. Relative leukocyte 
telomere length and risk of incident ischemic stroke in men: a prospec-
tive, nested case-control approach. Rejuvenation Res. 2010;13:411–414. 
doi:10.1089/rej.2009.0975.

	19.	 Zhang W, Chen Y, Wang Y, Liu P, Zhang M, Zhang C, et al. Short telomere 
length in blood leucocytes contributes to the presence of atherothrombotic 
stroke and haemorrhagic stroke and risk of post-stroke death. Clin Sci 
(Lond). 2013;125:27–36. doi:10.1042/CS20120691.

	20.	 Aubert G, Hills M, Lansdorp PM. Telomere length measurement-caveats 
and a critical assessment of the available technologies and tools. Mutat 
Res. 2012;730:59–67. doi:10.1016/j.mrfmmm.2011.04.003.

	21.	 Diez Roux AV, Ranjit N, Jenny NS, Shea S, Cushman M, Fitz-
patrick A, et al. Race/ethnicity and telomere length in the Multi-
Ethnic Study of Atherosclerosis. Aging Cell. 2009;8:251–257. 
doi:10.1111/j.1474-9726.2009.00470.x.

	22.	 Wells GA, Shea B, Connell DO, Peterson J, Welch V, Losos M, et al. The 
Newcastle-Ottawa Scale (NOS) for assessing the quality of nonrandomised 
studies in meta- analyses. Ottawa Hospital Researh Institute. .www.ohri.ca/
programs/clinical_epidemiology/oxford.asp. Accessed September 23, 2013.

	23.	 Monickaraj F, Aravind S, Gokulakrishnan K, Sathishkumar C, Prabu 
P, Prabu D, et al. Accelerated aging as evidenced by increased telo-
mere shortening and mitochondrial DNA depletion in patients with 
type 2 diabetes. Mol Cell Biochem. 2012;365:343–350. doi:10.1007/
s11010-012-1276-0.

	24.	 Brouilette S, Singh RK, Thompson JR, Goodall AH, Samani NJ. 
White cell telomere length and risk of premature myocardial infarc-
tion. Arterioscler Thromb Vasc Biol. 2003;23:842–846. doi:10.1161/01.
ATV.0000067426.96344.32.

	25.	 Zee RY, Michaud SE, Germer S, Ridker PM. Association of shorter mean 
telomere length with risk of incident myocardial infarction: a prospec-
tive, nested case-control approach. Clin Chim Acta. 2009;403:139–141. 
doi:10.1016/j.cca.2009.02.004.

	26.	 Weischer M, Bojesen SE, Cawthon RM, Freiberg JJ, Tybjærg-Hansen 
A, Nordestgaard BG. Short telomere length, myocardial infarction, 
ischemic heart disease, and early death. Arterioscler Thromb Vasc Biol. 
2012;32:822–829. doi:10.1161/ATVBAHA.111.237271.

	27.	 Olivieri F, Lorenzi M, Antonicelli R, Testa R, Sirolla C, Cardelli M, et al. 
Leukocyte telomere shortening in elderly Type2DM patients with previous 
myocardial infarction. Atherosclerosis. 2009;206:588–593. doi:10.1016/j.
atherosclerosis.2009.03.034.

	28.	 Salpea KD, Talmud PJ, Cooper JA, Maubaret CG, Stephens JW, Abe-
lak K, et al. Association of telomere length with type 2 diabetes, oxida-
tive stress and UCP2 gene variation. Atherosclerosis. 2010;209:42–50. 
doi:10.1016/j.atherosclerosis.2009.09.070.

	29.	 Shen Q, Zhao X, Yu L, Zhang Z, Zhou D, Kan M, et al. Association of 
leukocyte telomere length with type 2 diabetes in mainland Chinese 
populations. J Clin Endocrinol Metab. 2012;97:1371–1374. doi:10.1210/
jc.2011-1562.

	30.	 You NC, Chen BH, Song Y, Lu X, Chen Y, Manson JE, et al. A prospec-
tive study of leukocyte telomere length and risk of type 2 diabetes in 
postmenopausal women. Diabetes. 2012;61:2998–3004. doi:10.2337/
db12-0241.

	31.	 Zee RY, Castonguay AJ, Barton NS, Germer S, Martin M. Mean leukocyte 
telomere length shortening and type 2 diabetes mellitus: a case-control 
study. Transl Res. 2010;155:166–169. doi:10.1016/j.trsl.2009.09.012.

	32.	 Hovatta I, de Mello VD, Kananen L, Lindström J, Eriksson JG, 
Ilanne-Parikka P, et al. Leukocyte telomere length in the Finnish Dia-
betes Prevention Study. PLoS One. 2012;7:e34948. doi:10.1371/journal.
pone.0034948.

	33.	 Zhao J, Zhu Y, Lin J, Matsuguchi T, Blackburn E, Zhang Y, et al. Short leuko-
cyte telomere length predicts risk of diabetes in american indians: the strong 
heart family study. Diabetes. 2014;63:354–362. doi:10.2337/db13-0744.

	34.	 Fitzpatrick AL, Kronmal RA, Kimura M, Gardner JP, Psaty BM, Jenny NS, 
et al. Leukocyte telomere length and mortality in the Cardiovascular Health 

D
ow

nloaded from
 http://ahajournals.org by on N

ovem
ber 8, 2021

http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp


90    Circ Cardiovasc Genet    February 2015

Study. J Gerontol A Biol Sci Med Sci. 2011;66:421–429. doi:10.1093/
gerona/glq224.

	35.	 Houben JM, Giltay EJ, Rius-Ottenheim N, Hageman GJ, Kromhout D. 
Telomere length and mortality in elderly men: the Zutphen Elderly Study. 
J Gerontol A Biol Sci Med Sci. 2011;66:38–44. doi:10.1093/gerona/
glq164.

	36.	 Martin-Ruiz CM, Gussekloo J, van Heemst D, von Zglinicki T, Westen-
dorp RG. Telomere length in white blood cells is not associated with mor-
bidity or mortality in the oldest old: a population-based study. Aging Cell. 
2005;4:287–290. doi:10.1111/j.1474-9726.2005.00171.x.

	37.	 Njajou OT, Hsueh WC, Blackburn EH, Newman AB, Wu SH, Li R, et al; 
Health ABC study. Association between telomere length, specific causes 
of death, and years of healthy life in health, aging, and body composi-
tion, a population-based cohort study. J Gerontol A Biol Sci Med Sci. 
2009;64:860–864. doi:10.1093/gerona/glp061.

	38.	 Whelan RS, Kaplinskiy V, Kitsis RN. Cell death in the pathogen-
esis of heart disease: mechanisms and significance. Annu Rev Physiol. 
2010;72:19–44. doi:10.1146/annurev.physiol.010908.163111.

	39.	 Graham SH, Chen J. Programmed cell death in cerebral ischemia. J 
Cereb Blood Flow Metab. 2001;21:99–109. doi:10.1097/00004647- 
200102000-00001.

	40.	 Lahera V, Goicoechea M, de Vinuesa SG, Miana M, de las Heras 
N, Cachofeiro V, et al. Endothelial dysfunction, oxidative stress and 

inflammation in atherosclerosis: beneficial effects of statins. Curr Med 
Chem. 2007;14:243–248.

	41.	 Matthews C, Gorenne I, Scott S, Figg N, Kirkpatrick P, Ritchie A, et al. 
Vascular smooth muscle cells undergo telomere-based senescence in hu-
man atherosclerosis: effects of telomerase and oxidative stress. Circ Res. 
2006;99:156–164. doi:10.1161/01.RES.0000233315.38086.bc.

	42.	 Cawthon RM, Smith KR, O’Brien E, Sivatchenko A, Kerber RA. Associa-
tion between telomere length in blood and mortality in people aged 60 years 
or older. Lancet. 2003;361:393–395. doi:10.1016/S0140-6736(03)12384-7.

	43.	 Kahn SE. The relative contributions of insulin resistance and beta-cell 
dysfunction to the pathophysiology of Type 2 diabetes. Diabetologia. 
2003;46:3–19. doi:10.1007/s00125-002-1009-0.

	44.	 Stern MP. Diabetes and cardiovascular disease. The “common soil” hy-
pothesis. Diabetes. 1995;44:369–374.

	45.	 Huzen J, Peeters W, de Boer RA, Moll FL, Wong LS, Codd V, et al. Cir-
culating leukocyte and carotid atherosclerotic plaque telomere length: 
interrelation, association with plaque characteristics, and restenosis af-
ter endarterectomy. Arterioscler Thromb Vasc Biol. 2011;31:1219–1225. 
doi:10.1161/ATVBAHA.110.217158.

	46.	 Codd V, Nelson CP, Albrecht E, Mangino M, Deelen J, Buxton JL, et al. 
Identification of seven loci affecting mean telomere length and their as-
sociation with disease. Nat Genet. 2013;45:422–7, 427e1. doi:10.1038/
ng.2528.

CLINICAL PERSPECTIVE
Telomeres are repetitive gene-poor regions that cap the ends of chromosomes and play a major role in preserving the stability 
of DNA. Decreasing in length as a result of increased oxidative stress and chronic inflammation within the cellular environ-
ment, telomeres are hypothesized to be a biological marker of aging and age-related diseases. Cardiometabolic outcomes 
such as cardiovascular disease and type 2 diabetes mellitus are clearly related to age, yet their association with leukocyte 
telomere length (LTL) is inconsistent within the current literature. It is critical to clarify these associations because LTL 
is suggested to be a potential clinical biomarker for cardiometabolic risk assessment. Through our systematic review and 
meta-analysis, we demonstrate that there is indeed an association between a 1 SD decrease in LTL and stroke (odds ratio, 
1.21; 95% confidence interval, 1.06–1.37), myocardial infarction (odds ratio, 1.24; 95% confidence interval, 1.04–1.47), and 
type 2 diabetes mellitus (odds ratio , 1.37; 95% confidence interval, 1.10–1.72). Our reported associations, however, all have 
significant heterogeneity (I2=61%, 68%, and 91%, respectively). These results have important clinical implications as they 
provide evidence that LTL measurements must be interpreted cautiously. The high levels of heterogeneity need to be fully 
explained before precise cardiometabolic risk estimates can be provided to patients. Notably, the effect of patient ethnicity 
on LTL associations is yet to be fully explored and may account for the high variability in effect estimates.
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