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Abstract

Telomeres play a key role in chromosomal maintenance and stability. To date, few studies have 

investigated the association of leukocyte telomere length with risk of cancer incidence and 

all-cause mortality in a large prospective cohort, particularly of the Asian population. Relative 

telomere lengths in genomic DNA from peripheral blood samples were quantified using a 

validated quantitative real-time PCR among 26 540 middle-aged or older Chinese adults. Hazard 

ratios (HRs) and 95% confidence intervals (CIs) of cancer and deaths by quintiles of telomere 

length were calculated using the Cox proportional hazards regression method with adjustment for 

age, sex and other potential confounders. After baseline blood collection, 4353 persons developed 

cancer and 7609 died. Participants with the longest decile of telomeres had a 26% (95% CI: 

11%-44%) higher risk of total cancer incidence compared to the shortest decile after controlling 

for age, sex and other potential founders (Ptrend < .0001). In contrast, longer telomeres were 

associated with lower risk of all-cause mortality (HR = 0.93; 95% CI: 0.84–1.03), noncancer death 
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(HR = 0.81; 95% CI: 0.71–0.92), specifically, death from chronic obstructive pulmonary disease 

and pneumonia (HR = 0.79, 95% CI: 0.70–0.89) and digestive diseases (HR = 0.60, 95% CI: 

0.42–0.88). Our findings demonstrated that longer telomeres are associated with increased risk of 

cancer development overall and several common cancer types including breast, rectal, prostate, 

pancreatic cancer and lung adenocarcinoma. Our study also confirmed that longer telomeres are 

associated with a reduced risk of non-cancer related death.
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1 | INTRODUCTION

With an estimated 9.6 million deaths worldwide and 609 640 deaths, accounting for more 

than 20% of total death, in the United States in 2018, cancer is considered as one of the 

major leading causes of death and a significant public health burden.1,2 Several lines of 

evidence support the notion that telomere length is implicated in the etiology of cancer 

and risk of mortality. Telomeres are specialized structures comprised of multiple repeats 

of the TTAGGG sequence located at the termini of chromosomes that maintain genome 

integrity and stability by preventing end-to-end fusion.3,4 Telomeres shorten with each cycle 

of cell division and are generally considered as an indicator of aging at a cellular level of 

organisms. Therefore, telomeres have been proposed and extensively studied as a biomarker 

of aging and age-related diseases such as cardiovascular disease, cancer and diabetes.5,6

Telomere length is largely heritable.7 Single nucleotide polymorphisms have been identified 

in the genes encoding enzymes involved with telomere biology such as telomerase 

reverse transcriptase (TERT), telomerase RNA component (TERC), nuclear assembly factor 

1 (NAF1), oligonucleotide/oligosaccharide-binding fold-containing protein 1 (OBFC1), 

regulator of telomere length 1 (RTEL1) and phox domain containing serine/threonine 

kinase-like (PXK).8,9 Gender and ethnicity have a significant impact on telomere length 

too.10,11 Environmental factors also impact telomere length including body mass index 

(BMI),12 cigarette smoking,13 exercise14 and dietary factors.15 Biomarkers that can predict 

risk of cancer may offer an opportunity for the development and implementation of 

preventive strategies to lower cancer incidence and cancer and overall mortality. Telomere 

length has been explored as a potential biomarker for cancer risk. Notably, both shorter and 

longer telomere lengths have been founded to be associated with increased risk of cancer in 

observational studies. Although the underlying biological mechanisms of action for higher 

risk of cancer due to longer telomere length are not well understood, it has been speculated 

that germline mutations in telomere maintenance genes cause upregulation of telomerase, 

which in turn, prolong survival of precancerous cells and induce further cell divisions with 

subsequent carcinogenic mutations.16

Previous prospective cohort studies investigating the relation between telomere length 

with risks of total mortality, cancer-specific mortality, and/or cancer incidence have been 

predominantly conducted in American and European populations. The results from these 
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studies remain inconclusive; some found an inverse association17–26 whereas others reported 

null findings27–33 Data on other ethnic populations are sparse. We have previously reported 

that longer telomere length is associated with increased risk of developing several cancer 

types including lung adenocarcinoma,34 gastric cancer,35 breast cancer,36 colorectal cancer37 

and pancreatic cancer.38 Data on the role of telomere length on the risk of total mortality 

and total cancer risk have been lacking, especially in Asian populations who have distinct 

genetic risk factors and environmental and lifestyle factors profile patterns than their white 

counterparts.

The primary aim of the present study was to examine the associations of leukocyte telomere 

length with risk of all-cause and cause-specific mortality in a large prospective cohort of 

Chinese adults living in Singapore. In the same cohort, we also investigated the impact of 

telomere length on the risk of developing any cancer as well as 17 specific cancer types with 

sufficient numbers for a robust estimation of risk.

2 | METHODS

2.1 | Study design and population

Participants included in our study were part of the Singapore Chinese Health Study (SCHS). 

The design and methods of this cohort study have been described in detail elsewhere.39 

Briefly, the SCHS is a population-based prospective cohort study of 63 257 Chinese men 

and women aged 45 to 74 years enrolled from April 1993 through December 1998. The 

subjects were from the two major dialect groups of Chinese in Singapore (Hokkiens or 

Cantonese) who were residents of government housing estates where the majority of the 

Singapore population live in. Each subject completed an in-person interview at recruitment 

where information on demographics, lifestyle factors, medical history, family history of 

cancer, reproductive history (women only) and dietary intake over the last year via a 165-

item food frequency questionnaire were collected by a trained interviewer. All surviving 

participants were re-contacted after baseline and updated information on active and passive 

cigarette smoking, alcohol drinking, tea and coffee drinking, medical history, current body 

weight and height, physical activity, current menopausal status of women, history of 

respiratory diseases, blood transfusion, use of medication and indoor air pollution from 

home cooking through follow-up 1 (1999–2004) and follow-up 2 (2006–2010) interviews. 

Blood and single-void urine specimens were collected from a random 3% of the study 

cohort subjects 1 year after initiation of the study and was extended to all surviving subjects 

in 2000. By April 28, 2005, 346 cohort subjects, representing 54% of eligible subjects, 

provided blood samples. All specimens were separated into their various components and 

were subsequently stored at −80°C until analyzed. The present investigation included 28 125 

participants after excluding 221 participants with missing values due to failed assays for 

telomere length measurement.

2.2 | Mortality and cancer incidence ascertainment

All incident cases of cancer among the cohort participants were identified through the 

record linkage analysis with the Singapore Cancer Registry. Specific cancer types were 

coded according to the International Classification of Diseases and Related Health Problems 
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10th revision (ICD-10) as follows: cancers of the head and neck (C00-C14 and C30-C33), 

stomach (C16), colon (C18), rectum (C19-C21), pancreas (C25), breast (C50), uterine (C53–

54), bladder (C67), prostate (C61) and lymphoma (C81–85). For lung cancer, we focus 

on lung adenocarcinoma C34.x with morphological codes 8140, 8250, 8260, 8310, 8480; 

lung squamous cell carcinoma C34.x with 8070, 8071 and 856, all of them with malignant 

behavior code /3.

All deaths among cohort participants were ascertained through linkage analysis with the 

Singapore Registry of Births and Deaths.40 The underlying causes of deaths were coded 

according to the International Classification of Diseases and Related Health Problems ninth 

revision (ICD-9) up to December 31, 2011, or the ICD 10th revision (ICD-10) from 2012 to 

2017. Primary cause of death was used for analysis. Separate analyses were conducted for 

the following cause-specific mortalities: cancer (ICD-9 codes 140–208, ICD-10 codes C00-

C97), ischemic heart disease (ICD-9 codes 410–414; ICD-10 codes I20-I25), stroke (ICD-9 

codes 430–438, ICD-10 codes I60-I69), respiratory causes (such as pneumonia ICD-9 codes 

480–486, ICD-10 codes J12-J18), chronic obstructive pulmonary disease (ICD-9 codes 490–

496, ICD-10 codes J40-J47) digestive system diseases (ICD-9 codes 520–579, ICD-10 codes 

K00-K95) and genitourinary diseases (ICD-9 codes 580–629, ICD-10 codes N00-N99).

As of December 31, 2017, there were only 56 participants known to be lost to follow-up 

due to migration out of Singapore or other reasons, suggesting that identification of incident 

cancer cases and vital statistics among cohort participants was virtually complete.

2.3 | Measurement of telomere length

Genomic DNA was extracted from whole blood using QIAamp 96 DNA Blood Kits 

(Qiagen, Valencia, CA) according to the manufacturer’s protocol. Detailed information on 

telomere length measurement has been previously described.34 In brief, telomere lengths 

were quantified using a high throughput validated monochrome multiplex qPCR technique 

developed by Cawthon,41 which is the desirable method in large epidemiological studies. 

Relative telomere length was measured by comparing signals from telomere repeat copy 

number (T) to a single gene copy number (S) for albumin in experimental DNA samples 

in comparison to a reference DNA. This method allows calculation of a relative T/S ratio, 

which is proportional to mean telomere length.

Standard reference DNA sample was prepared in four concentrations (4.0, 0.8, 0.16, 0.032 

ng/μl) from a pool of 77 samples in the Singapore Chinese Health Study by serial dilution 

in every 96-well plate. Telomere length measures of these samples were within 10% of the 

population mean. Resulting data were used to generate the standard DNA curve for relative 

measurement. All specimens were run in duplicate, and the mean value of two measures was 

used in the final statistical analysis. The average inter-assay coefficient variation obtained 

from quality control samples was 3.5% indicating that the method is well reproducible. 

We have also performed terminal restriction fragment (TRF) assay on 100 DNA samples 

selected from the SCHS using the Southern blot method42 and found that one unit of relative 

telomere length was equivalent to 6.19 kilobases of TRF (unpublished).
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2.4 | Statistical analyses

Telomere length was divided into quintiles or deciles according to the distribution of all 

cohort participants with available telomere length measurement. Analysis of covariance 

(ANCOVA) was used to examine the effect of demographics, lifestyle factors, and other 

major risk factors for risk of mortality and/or cancer on telomere length in continuous scale 

with adjustment for age, sex, and dialect group (Hokkien or Cantonese). Kruskal-Wallis or 

Chi-square test was used to compare the median or categorical variables of telomere length. 

For the analysis of total cancer and cancer-specific incidence, 1585 subjects with a history of 

invasive cancer (except nonmelanoma skin cancer) at the time of telomere length assessment 

were excluded. Therefore, the final analysis for cancer incidence data in our study included 

26 540 subjects.

For each participant, person-years of follow-up for mortality analysis were counted from the 

date of blood sample collection until the date of death or December 31, 2017, whichever 

occurred first. For the cancer incidence analysis, person-years of follow-up were calculated 

from the date of blood sample collection to the date of diagnosis of cancer, death or 

December 31, 2016, the latest date for cancer incidence data available, whichever came first.

We used Cox proportional hazards regression method to estimate the hazard ratios (HRs) 

and 95% confidence intervals (CIs) of all-cause and cause-specific mortality, as well as 

for the risk of total cancer incidence and selected cancer-specific incidence. Similar Cox 

proportional hazards regression models were used to estimate HRs of these endpoints per 

SD change of telomere length. The assumptions of proportionality for Cox models were 

confirmed based on scaled Schoenfeld residuals.43 Tests for linear trend in risk of the 

endpoints with telomere length were performed by using the quintiles or deciles of telomere 

length as an ordinal variable in the Cox model.

In multivariate analysis, we controlled for age at blood collection (years), sex (men or 

women), dialect group (Hokkien or Cantonese), BMI (<18.5, 18.5 to <23, 23 to <27.5, 27.5+ 

kg/m2), level of education (no formal education, primary school, or secondary school and 

above), smoking status (never, former, or current smoker), number of cigarettes per day, 

number of years of smoking, alcohol consumption (nondrinker, <7 or ≥7 drinks per week), 

weekly vigorous work or strenuous sports (no or yes), number of hours of sleep per night 

(≤6, 7–8 or ≥9), self-reported history of physician-diagnosed diabetes mellitus (yes or no), 

hypertension (yes or no), stroke (yes or no), ischemic heart disease (yes or no) and cancer 

(yes or no). For the risk of female cancers including breast and uterine, we further adjusted 

for age when the menstrual period became regular, age at first live birth (<10, 21–25, 26–30 

or ≥31 years), number of live births (0, 1–2, 3–4 or ≥5), age at menopause (≤49, 50–54 or 

≥55 years), use of hormone therapy (never, ever, or current), use of oral contraceptives (no or 

yes) and family history of breast cancer (no or yes).

Statistical analyses were performed using SAS 9.4 software package (SAS Institute, Cary, 

North Carolina), with a two-sided test of the alpha level at 0.05 as a significant level.
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3 | RESULTS

The mean (SD) of age among all participants at blood collection was 62.9 (7.7) years and 

the mean (SD) of relative telomere length was 1.02 (0.23). Table 1 shows the baseline 

demographics and lifestyle characteristics of the study participants (n = 28 125) by the 1st, 

5th and 10th deciles of telomere length. Relative telomere length was significantly longer in 

younger participants and women compared to older and men participants, respectively (both 

P values < .0001). Telomere length was also significantly longer among participants who 

were never-smokers and nonalcoholic drinkers than those who were current/former cigarette 

smokers and alcohol drinkers (P < .0001 and P = .002, respectively). BMI and physical 

activity levels were comparable across different deciles of telomere length.

During an average of 13.2 years of follow-up, there were a total of 7609 deaths including 

2660 deaths from cancer. Longer telomeres were significantly associated with reduced 

risk of all-cause mortality and noncancer mortality in a dose-dependent manner before 

adjustment for other potential risk factors (Figure 1). After adjustment for age, sex, BMI, 

cigarette smoking, alcohol consumption, physical activity, sleep pattern and other lifestyle 

and demographic factors, the magnitude for the inverse association between the relative 

telomere length and risk of total mortality considerably attenuated but remained statistically 

significant. Compared to the 1st (lowest) decile, the 10th (highest) decile of telomere 

length was associated with a significant 7% lower risk of overall death (Ptrend = .02) and 

a significant 19% lower risk of noncancer death (Ptrend < .0001; Figure 2). In contrast, 

participants with the highest decile of telomere length had a significantly 18% higher risk 

of death from cancer compared to those with the shortest telomeres (Ptrend = .008) after 

adjustment for multiple potential confounding factors. We further calculated the odds ratio 

of cancer death vs noncancer death cases and observed a significant positive association 

between telomere length and risk of cancer mortality (data not shown). For cause-specific 

mortality, increasing telomere length was significantly associated with decreased risk of 

mortality from chronic obstructive pulmonary disease (COPD) and pneumonia (HR per 

1-SD increase = 0.79, 95% CI: 0.70–0.89) and digestive diseases (HR per 1-SD increase = 

0.60, 95% CI: 0.42–0.88). There was no association for risk of mortality due to ischemic 

heart disease, stroke, and genitourinary diseases (Figure 3). When data were analyzed by 

quintiles of telomere length, similar results were observed (Table S1).

Over a total of 332 947 person-years of follow-up (average of 12.5 years per subject), 

4353 participants who were free of cancer at the time of blood collection developed cancer. 

Multivariate-adjusted HRs (95% CI) for total cancer incidence according to deciles of 

telomere length are presented in Figure 4. Comparing to the first decile, the 10th decile of 

telomere length was associated with a 26% increased risk of developing any malignancy 

(95% CI: 11%-44%; Ptrend < .0001).

For specific cancer types, longer telomeres were associated with higher HRs of lung 

adenocarcinomas (HR per 1-SD increase = 1.34, 95% CI: 1.19–1.52), pancreatic cancer 

(HR per 1-SD increase = 1.26, 95% CI: 1.04–1.53), rectal cancer (HR per 1-SD increase 

= 1.14, 95% CI: 1.01–1.29), and breast cancer (HR per 1-SD increase = 1.11, 95% CI: 

1.01–1.23) (Figure 5). Telomere length was associated with a non-statistically significant 
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increased risk of remaining cancer sites. In addition, we examined the relationship between 

telomere length in quintiles and the risk of total and specific sites of cancer (Table S2).

In a sensitivity analysis to rule out the potential impact of cancer or other health outcomes 

on telomere length, we further excluded study participants with the diagnosis of cancer or 

other health outcomes and the observed person-years that occurred within the first 2 years 

post the measurement of telomere length. The results of this sensitivity analysis were almost 

the same as those derived from the entire cohort. For example, the HRs (95% CIs) of total 

mortality, total cancer incidence and lung cancer adenocarcinoma among participants with 

the highest quintile of relative telomere length were 0.93 (0.86–1.01; Ptrend = .04), 1.31 

(1.19–1.45; Ptrend < .0001) and 2.94 (2.00–4.32; Ptrend < .0001), respectively, as compared to 

the lowest quintile.

4 | DISCUSSION

In this large prospective cohort of middle-aged Chinese men and women in Singapore, 

we found that longer telomere length was associated with significantly reduced risks of all-

cause mortality and non-cancer related mortality. On the other hand, longer telomere length 

was related to an elevated risk of total cancer incidence and cancer mortality, independent 

of other comorbidities, and established risk factors for mortality. We observed a similar 

pattern of results for various specific cancer types. This is, to our best knowledge, the first 

population-based study in an Asian population that evaluates the role of telomere length and 

all-cause and cause-specific mortality risk.

Findings from previous prospective studies on telomere length and all-cause mortality 

are inconsistent. Cawthon et al17 conducted the first study on the association between 

telomere length in blood and mortality in 143 unrelated Utah residents aged 60 to 97 years. 

After 18 years of follow-up and 101 death cases, they observed that shorter telomere was 

associated with 1.86-fold higher risk of all-cause mortality (95% CI: 1.22–2.83; P = .004). 

In a prospective cohort of 64 637 Danish participants with 7607 total deaths,21,24 shorter 

telomere length was found to be associated with a 40% increase in the risk of all-cause 

mortality comparing the highest with the lowest decile of telomere length (multi-variable 

adjusted HR = 1.40; 95% CI: 1.25–1.57). These findings have been confirmed in other 

studies,18,20,23,25,26 and more recently in a meta-analysis with more than 21 700 deaths.44 

Our findings are corroborated by these results and further support an inverse association 

between telomere length and risk of all-cause mortality.

No study with a prospective design has yet explored the association between leukocyte 

telomere length and risk of total cancer or cancer-specific mortality in an Asian population. 

Two cohort studies, one conducted in a Danish population22,24 with 2420 cancer deaths, 

and the other in an Italian population45 with only 44 cancer deaths, both showed that 

shorter rather than longer telomeres were significantly associated with a higher risk of 

cancer mortality. In contrast to these findings, we observed a significant positive association 

between telomere length and risk of cancer mortality after adjustment for a comprehensive 

list of cancer mortality risk factors. It is noteworthy that we found a strong inverse 

association between telomere length and risk of cancer mortality in our crude statistical 
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model without adjustment for potential confounding factors (HR = 0.64; 95% CI: 0.55–0.76) 

for participants with the highest vs the lowest decile of telomere length. In addition, other 

studies conducted in Caucasian populations to date reported no significant associations 

between telomere length and cancer mortality.18,19,28–30 In our study, when the potential 

confounders were adjusted, the direction of the association was reversed and the magnitude 

of the association was remarkably changed, suggesting that these factors significantly 

confounded the associations between telomere length and risk of cancer mortality and 

incidence. The measurement of and adjustment for the demographic, lifestyle and other 

risk factors for cancer are critically important to reduce potential residual confounding. 

This may partly explain the inconsistent results between ours and previous studies. Other 

characteristics of the previous studies such as a smaller number of cases, shorter length of 

follow-up, different environmental and genetic risk factors between the study populations 

may also contribute to the observed inconsistent results.

The observed elevated risk of total cancer incidence in association with longer telomere 

length conforms with our data on the risk of cancer mortality. In the most recent meta-

analysis32 of prospective studies with close to 14 000 cases, longer leukocyte telomere 

length was marginally associated with increased risk of total cancer incidence (OR = 1.09; 

95% CI: 0.95–1.24). However, the majority (ie, more than 92%) of the included study 

participants were European descents. Also, there was considerable heterogeneity in the 

characteristics of these study populations such as different geographical locations, male/

female ratio, age at the measurement of telomere length, as well as difference in study 

design, sample size, DNA extraction method and telomere length measurement method 

among the studies included in that meta-analysis (I2 = 70.4%, P for heterogeneity test 

< .001). In our previous analyses in the same cohort, we found a positive association 

for longer telomere length with increased risk of multiple specific cancer types including 

lung adenocarcinoma,34 breast,36 colorectal37 and pancreatic38 based on the Taiwan Cancer 

Screening Program Cohort in Asian participants in which the associations cancers. To date, 

there are only three nested case-control studies conducted within the Shanghai Women’s 

Health Study and one nested case-control study of telomere length in peripheral blood 

leucocytes with the incidence of total lung cancer (a positive association),46 breast cancer 

(an inverse association),47 colorectal cancer (a U-shaped association)48 and hepatocellular 

carcinoma (no association)49 have been evaluated and produced mixed results. The 

discrepancy in results between our study and prior studies in Asian or Caucasian populations 

might be due to difference in the length of follow-up, prevalence rates of established 

risk factors (ie, smoking, diabetes, physical activity or obesity), study design, and/or the 

duration of follow-up from the assessment of telomere length (ie, blood collection) and the 

occurrence of cancer (ie, the date of cancer diagnosis).

Although the underlying mechanism is not yet understood, the observed associations 

between telomere length and increased risk of cancer mortality and cancer incidence may 

be explained through the biology of telomeres. Genetic disposition to longer telomeres may 

influence both cancer incidence and mortality through the telomere maintenance pathway. 

Longer telomeres may allow damaged cells to survive longer and continue to divide and 

acquire additional mutations, leading to the malignant transformation50 In addition, certain 

genetic mutations are associated with enhanced telomerase activity, resulting in telomere 
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lengthening and immortalization of cells, a hallmark of cancer cells31,51–53 It has also been 

suggested that individuals with a suppressive immune system have a slower pace of telomere 

shortening because of a lower rate of cell division.54 Immune suppression is found to be 

associated with an increased risk of cancer.55 The biological mechanisms of the underlying 

observed associations in our study may also be explained partly by the existing complex 

theories of cellular senescence and evolutionary theory of antagonistic pleiotropy. Cellular 

senescence, a presumably irreversible growth arrest mechanism, has been hypothesized 

to be four-faceted in which opposing but biologically connected processes such as tumor 

suppression, tumor promotion, aging, and tissue repair each play a role.56 For example, 

senescent cells may promote age-related diseases such as cancer by depleting tissues of 

stem or progenitor cells,57 and secretion of cytokines, proteases and other proteins58 that 

disrupt the structure and function of tissues and have adverse inflammatory properties. 

Increasing senescence cells throughout life may also promote the reactivation of telomerase 

and longer telomeres. Some animal studies have shown that reactivation of telomerase 

enhances tumorigenesis thus antitelomerase therapy is currently an active cancer research 

strategy.59,60

As proposed by Williams61 more than 60 years ago, and known as the evolutionary theory 

of antagonistic pleiotropy, some biological processes such as telomere function may enhance 

fitness in early life while having a deleterious impact later in life. Consistent with the 

hypothesis of antagonistic pleiotropy, it is tempting to propose that the observed positive 

association between telomere length and risk of developing total cancer is suggestive of 

a trade-off between proliferative degenerative diseases of aging such as cancer and non-

proliferative degenerative diseases of aging including cardiovascular diseases (CVD).

Strength of our study includes a large sample size in a single prospective study where 

telomere length was measured in more than 28 000 participants, which in turn, provided 

strong statistical power, resulting in robust risk estimates. Another strength of the present 

study is our ability to collect a comprehensive set of demographics, lifestyle factors, 

including smoking, alcohol consumption, dietary factors, BMI, physical activity and history 

of diseases that may influence leukocyte telomere length. The simultaneous adjustment 

for these potential confounding factors minimized the potential confounding effect on the 

association between leukocyte telomere length and the risk of endpoints in our analysis. The 

prospective study design with a long-term follow-up also minimized the potential impact of 

disease progression on telomere length, which ruled out the possibility of a reverse causation 

relationship between telomere length and risk of disease outcomes (ie, cancer).

Our study also has some limitations. First, telomere length was measured only at one 

point in time, which limited our ability to investigate the telomere length attrition rate and 

the risk of developing disease outcomes (ie, cancer) over time. Second, telomere length 

was measured in blood leukocytes, which may not be representative of the target tissue(s) 

where cancer developed. Third, as in any observational studies, residual confounding due to 

unmeasured or imprecisely measured factors such as BMI, cigarette smoking and physical 

inactivity could not be completely ruled out.
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In conclusion, we found that longer telomere length was associated with a significantly 

reduced risk of all-cause mortality and non-cancer related mortality, but was associated 

with a higher risk of total cancer incidence and cancer mortality, independent of other 

comorbidities and established risk factors for death. A similar pattern for longer telomere 

length and elevated risk was also observed for several cancer types including lung 

adenocarcinoma and cancers of the breast, rectal, genitourinary system, pancreas and so 

on. Our findings support a potential role of longer telomeres in the pathogenesis of both 

cancer-specific types and noncancer diseases and thus might have clinical relevance to be 

used as a part of aging and other biomarkers for an eventual risk prediction model.
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ANCOVA analysis of covariance

BMI body mass index

CI confidence interval

COPD chronic obstructive pulmonary disease

CVD cardiovascular diseases

HR hazard ratio

ICD International Classification of Diseases

NAF1 nuclear assembly factor 1

OBFC1 oligonucleotide/oligosaccharide-binding fold-containing protein 1

PCR polymerase chain reaction

PXK Phox domain containing serine/threonine kinase-like
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RTEL1 regulator of telomere length 1

SCHS Singapore Chinese Health Study

TERC telomerase RNA component

TERT telomerase reverse transcriptase
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What’s new?

Telomere length is a promising biomarker for cancer risk, with longer- and shorter-than-

expected telomeres variously linked to increased risk of malignancy. Among Asian 

populations, however, relationships between telomere length, cancer incidence, and 

cancer mortality remain understudied. Here, investigation of more than 26 500 Chinese 

adults with greater than 12 years of health follow-up shows that longer telomere length 

is associated with significantly elevated risk of total and cancer-specific incidence and 

mortality and with reduced risk of all-cause and non-cancer-related mortality. The data 

highlight the relevance of longer telomere length in the development and outcome of 

specific cancer types and non-cancerous diseases.
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FIGURE 1. 
Associations between relative telomere length and risk of all-cause, cancer and noncancer 

mortality. Hazard ratios with 95% confidence intervals of mortality from all causes, cancer 

and noncancer causes by decile or one-SD increment of telomere length. Crude hazard ratios
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FIGURE 2. 
Associations between relative telomere length and risk of all-cause, cancer and noncancer 

mortality. Hazard ratios with 95% confidence intervals of mortality from all causes, cancer 

and noncancer causes by decile or one-SD increment of telomere length. Hazard ratios were 

adjusted for age at blood collection, sex, dialect group, body mass index category, level of 

education, smoking status, number of cigarettes per day, number of years of smoking, daily 

alcohol consumption, weekly vigorous work or strenuous sports, number of hours of sleep 

per night and self-reported histories of physician-diagnosed diabetes mellitus, hypertension, 

stroke, ischemic heart disease and cancer. Longer telomeres were associated with a lower 

risk of mortality from all causes and noncancer related causes but associated with a higher 

risk of mortality from cancer
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FIGURE 3. 
Associations between relative telomere length and risk of cause-specific mortality. Hazard 

ratios with 95% confidence intervals of mortality from selected causes other than cancer 

by one-SD increment of telomere length with adjustment for age at blood collection, sex, 

dialect group, body mass index category, level of education, smoking status, number of 

cigarettes per day, number of years of smoking, daily alcohol consumption, weekly vigorous 

work or strenuous sports, number of hours of sleep per night and self-reported histories 

of physician-diagnosed diabetes mellitus, hypertension, stroke, ischemic heart disease and 

cancer. Longer telomeres were associated with a lower risk of mortality from chronic 

obstructive pulmonary disease (COPD) and digestive diseases
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FIGURE 4. 
Associations between relative telomere length and risk of total cancer incidence. Hazard 

ratios with 95% confidence intervals of total cancer incidence by decile or one-SD increment 

of telomere length with adjustment for age at blood collection, sex, dialect group, body 

mass index category, level of education, smoking status, number of cigarettes per day, 

number of years of smoking, daily alcohol consumption, weekly vigorous work or strenuous 

sports, number of hours of sleep per night and self-reported histories of physician-diagnosed 

diabetes mellitus, hypertension, stroke, ischemic heart disease and cancer. Longer telomeres 

were associated with a higher risk of total cancer incidence
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FIGURE 5. 
Associations between relative telomere length and risk of cancer-specific incidences. Hazard 

ratios with 95% confidence intervals of selected specific cancer types with at least 100 cases 

per one-SD increment of telomere length with adjustment for age at blood collection, sex, 

dialect group, body mass index category, level of education, smoking status, number of 

cigarettes per day, number of years of smoking, daily alcohol consumption, weekly vigorous 

work or strenuous sports, number of hours of sleep per night and self-reported histories 

of physician-diagnosed diabetes mellitus, hypertension, stroke, ischemic heart disease and 

cancer. Longer telomeres were associated with a significantly higher risk of breast cancer, 

rectal cancer, pancreatic cancer and lung adenocarcinoma
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