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Abstract
Objective—Leukocyte telomere length shortening has recently been associated with type 2
diabetes Mellitus (T2D). Whether this observation was modulated by genetic variation within the
telomere-pathway genes remains elusive. To date, no prospective epidemiological data on the
relationship of telomere-pathway gene variation with T2D are available.

Methods—The association between 150 tagging-SNPs (tSNPs) of 11 telomere-pathway genes
(TERC, UCP1, TERT, POT1, TNKS, TERF1, TNKS2, TEP1, ACD, TERF2 and TERF2IP) and
incident T2D was investigated in 22,715 Caucasian female participants of the prospective
Women’s Genome Health Study. All were free of known cardiovascular disease, cancer and
diabetes at baseline. During a 13-year follow-up period, 1,445 participants developed an incident
T2D. Multivariable Cox regression analysis was performed to investigate the relationship between
genotypes and T2D risk assuming an additive genetic model. Haplotype block analysis was also
performed.

Results—A total of eleven tSNPs within TERF1, TNKS, TEP1, ACD, and TERF2 were
associated with T2D risk (all p-uncorrected <0.050). Further investigation using the haplotype-
block analysis again revealed an association of several prespecified haplotypes of TERF1, and
TEP1 with T2D risk (all p-uncorrected <0.040).

Conclusion—If corroborated in other prospective studies, the present findings suggest that
genetic variation within the telomere-pathway gene loci examined may be useful predictor for
T2D risk assessment.

1. Introduction
Biological factors such as inflammatory responses and oxidative stress accelerate leukocyte
telomere-length shortening (1), and heightened oxidative stress is noted in patients with
diabetes (2, 3). Recent studies have shown an association of leukocyte telomere shortening
in patients with T2D (4, 5). Furthermore, the study by Salpea and coauthors reported an

© 2011 Elsevier Ireland Ltd. All rights reserved.
Corresponding author: Robert Y.L. Zee, BDS, MPH, PhD, Brigham & Women's Hospital and Harvard Medical School, 900,
Commonwealth Avenue East, Boston MA 02215, USA, phone: 617-732 8175, rzee@rics.bwh.harvard.edu.
Conflict of Interest
None declared
Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

NIH Public Access
Author Manuscript
Atherosclerosis. Author manuscript; available in PMC 2012 September 1.

Published in final edited form as:
Atherosclerosis. 2011 September ; 218(1): 144–146. doi:10.1016/j.atherosclerosis.2011.05.013.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



association of the Uncoupling protein 2 (mitochondrial, proton carrier) functional promoter
variant (−866G>A; dbSNP rs659366) with leukocyte telomere-length suggesting a link
between mitochondrial production of reactive oxygen species and shorter telomere length in
T2D (4). Based on their observation, we carried out an investigation examining the potential
involvement of 14 UCP cluster gene variants (UCP2-UCP3) and incident T2D in a large-
scale, prospective setting, and found no evidence for an association (6). Moreover, common
single nucleotide polymorphisms (SNPs) in telomere-associated pathway genes could alter
chromosomal integrity by influencing gene expression and inducing structural aberrations of
telomere-maintenance proteins. This alteration could in turn lead to telomere dysfunction,
and ultimately modulates differential susceptibility to T2D.

To data, no prospective epidemiological data are available on examining the importance of
telomere-associated pathway genes as potential risk markers for T2D. We, therefore, further
examined the potential involvement of 150 tagging-single nucleotide polymorphisms
(tSNPs) in 11 telomere-associated pathway genes (Supplementary Data Tables IA and IB)
with (i) baseline glycosylated hemoglobin (HbA1c) and C-reactive protein (CRP) levels, and
(ii) T2D risk, in a large prospective cohort of 22,715 initially healthy Caucasian middle-aged
women.

2. Material and Methods
2.1. Study design

Details of the study design have been previously described (7). In brief, participants in the
Women’s Genome Health Study (WGHS) – a genetic substudy of the Women’s Health
Study– included initially healthy North American women aged 45 or older with no previous
history of cardiovascular disease, cancer, or other major chronic illness. A baseline blood
sample was collected during the enrollment phase of the Women’s Health Study between
1992 and 1995. Study participants, who gave an informed consent for blood-based analyses
related to risks of incident chronic diseases, were followed up for incident events that were
adjudicated by an endpoints committee using standardized criteria and full medical record
review. The present investigation included 22,715 Caucasian participants of the WGHS; all
were free of known cardiovascular disease, cancer and diabetes at baseline (6). During a 13-
year follow-up period, 1445 cases of newly diagnosed T2D were identified. As described
elsewhere, DNA extracted from the baseline WGHS blood samples underwent tSNP (r2

≈0.80) genotyping using the genome-wide Illumina Infinium II Human HAP300 panel (6).
The Brigham and Women’s Hospital Institutional Review Board for Human Subjects
Research approved the study protocol.

2.2. Statistical analysis
Genotype frequencies were compared with values predicted by Hardy-Weinberg equilibrium
using the chi-square test with one degree of freedom. Multivariable linear regression
analysis, adjusting for age, body-mass index (BMI), current smoking status and current
(any) hormone use, was performed to assess the relationship of the tSNPs with baseline
loge-glycosylated hemoglobin (lnHbA1c) and loge-C-reactive protein (lnCRP) levels.
Hazard ratios (HRs) of T2D associated with each of the individual tSNPs were calculated
separately by Cox regression analysis adjusting for age, current smoking status, and further
adjusting for BMI, randomized treatment assignment, history of hypertension, and
hyperlipidemia, current hormone use, baseline CRP and HbA1c, assuming an additive
model for genetic effects.

Haplotype estimation and inference were determined by expectation-maximization
algorithm. Haplotype blocks were defined using the software Haploview v4.1. In addition,
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the relationship between haplotypes and T2D was examined by a referent haplotype-based
Cox regression analysis, adjusting for the same potential covariables used in the single-tSNP
analysis. All analyses were carried out using SAS v9.1 package (SAS Institute Inc). A 2-
tailed p-value of 0.05 was considered a statistically significant result. Genotyping call rates
were >99% per SNP.

3. Results
The baseline characteristics of the 22,715 initially healthy Caucasian women are shown in
Supplementary Data Table II. Fourteen out of the 150 SNPs evaluated were not in Hardy-
Weinberg equilibrium with uncorrected p-values <0.0500 (Supplementary Data Table III).
In the multivariable linear regression analysis, ten tSNPs (one TERT, nine TNKS, and one
TEP1) and nine tSNPs (four TERT, one TNKS, and four TEP1) were differentially associated
with baseline lnCRP, and lnHbA1c, respectively (p-uncorrected <0.050; Table 1). However,
none of these remained significant after Bonferroni correction for multiple testing. Results
from the multivariable Cox regression analysis showed evidence for differential associations
of eleven tSNPs (four TERF1, one TNKS2, four TEP1, one ACD, and one TERF2) with T2D
risk (p-uncorrected <0.050; Table 2). One SNP, the TERF2 rs4783704 (p-
uncorrected=0.0001; Table 2), remained significant after Bonferroni correction.
Supplementary Data Table IV presents the Cox regression results for all 150 tSNPs. The
association of two Haploview-defined haplotypes within TERF1 and TEP1, respectively,
with T2D risk was observed (p-uncorrected <0.050; Supplementary Data Table V).

4. Discussion
To the best of our knowledge, the present prospective investigation is the first to examine
the possible involvement of telomere-pathway gene loci in the risk of T2D, and we found
(suggestive) evidence for an association of the telomere-associated genes evaluated, in
particular, TERF1 and TEP1, with T2D risk.

Type 2 diabetes mellitus is a major cause of morbidity and mortality around the world, and
genetic variation within the telomere-associated/maintenance genes have been implicated in
age-depending common, complex disorders including essential hypertension, non-insulin-
dependant diabetes mellitus, atherosclerosis, and cancer (8, 9). The telomere-pathway genes
evaluated in the present study encode proteins for the telomere-specific nucleoprotein
complex, which regulates and maintains telomere stability and thus the overall genomic
integrity. Unfortunately, most if not all of the published reports examined the potential
involvement of telomere-associated pathway gene variation with various types of cancer,
and, to the best of our knowledge, none on the risk of incident T2D. This lack of information
on the relevance of telomere pathway genes with T2D not only makes a cross-reference
comparison with the present findings difficult, but also signifies the need of further
investigations into the importance of telomere-pathway genes in aging-related disorders
such as T2D. Nevertheless, the present investigation suggests that telomere-pathway genes,
in particular, TERF1 and TEP1 gene variation may play a role in the underlying
pathogenesis of T2D.

Strengths of the present study are the overall sample size, the prospective design and the
complete long-term follow-up. Nonetheless, some potential limitations of our study require
discussion. Our sample population was limited to Caucasian female healthcare professionals
from the US. Thus, our results may not be generalizable to other racial/ethnic or socio-
economic groups, geographical regions, or to males. Cautious interpretation of our present
(uncorrected) findings should be exercised, and confirmation in other studies is needed.

Zee et al. Page 3

Atherosclerosis. Author manuscript; available in PMC 2012 September 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



In our study, we had the ability to detect, based on the present sample size, assuming 80%
power, at an alpha of 0.05, an effect estimate of greater than 1.10 if the minor allele
frequency is 0.50, and of greater than 1.90 if the minor allele frequency is 0.01.

5. Conclusion
The present prospective data from a large cohort of apparently healthy Caucasian US
females provide suggestive evidence for an association between the gene variants tested and
risk of T2D. If corroborated in other large prospective studies, our data further suggest that
the telomere-pathway gene loci assessed may be informative for risk assessment of T2D.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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