
Telomere length, COPD and emphysema
as risk factors for lung cancer

To the Editor:

Telomeres are DNA–protein structures that protect chromosome ends from degradation and shorten
progressively with each cell division [1].

Telomere length measured in peripheral leukocytes has been used to determine an individual’s “biological
age”, and previous reports have demonstrated that patients with chronic obstructive pulmonary disease
(COPD) and/or emphysema have shorter peripheral leukocyte telomere length [2–5]. The presence of
COPD and emphysema are independent risk factors for the ultimate development of lung cancer [6, 7].

The relationship between telomere length and lung cancer is controversial. Some reports have previously shown
an increase in the risk for lung cancer development in subjects with shorter telomere length [8] but recent reports
have described that smokers with longer peripheral leukocyte telomere length are also at increased risk [9].

The present study explored the potential independent association of peripheral leukocyte telomere length,
COPD and emphysema with lung cancer diagnosis in a cross sectional analysis of a prospectively recruited
population of active and former smokers participating in a lung cancer screening programme.

We included men and women of 40 years of age or older, who were current or former smokers with a smoking
history of ⩾10 pack–years, and had no lung cancer symptoms from a lung cancer screening programme [6].
All patients underwent spirometry to determine the presence of airway obstruction (post bronchodilator value
of forced expiratory volume in 1 s (FEV1)/forced vital capacity (FVC) <0.70) and a low-dose chest computed
tomography to determine the presence of emphysema (visually detected as yes versus no).

From the initial population of 1681 subjects participating (those with more than one visit) in our screening
programme, we had blood samples from 1256 active or former smokers. Of them, 314 met the spirometric
criteria for COPD. From this pool, we randomly selected 125 of them to participate in the present study. We
matched each one of these patients with an active or former smoker without COPD of similar age (±2 years),
sex, pack–years history (±3 pack–years), smoking status and body mass index (BMI) (±2 kg·m−2). Relative
telomere length was assessed in peripheral leukocytes using the comparative Ct method (T/S=2−ΔΔCt) as
previously described [10]. Cox regression analysis was used to explore the independent association of each
predictive variable with lung cancer diagnosis. Predictor variables that were statistically significant (p<0.05)
in the univariate analysis were included in a multiple Cox regression model to determine which of them
independently related to lung cancer diagnosis. Calculations were made with SPSS version 20.0 Inc.

Patients included in the present study were mostly male (85%), middle age (mean age: 60 years-old),
slightly overweight (mean BMI between 27 Kg·m−2), with a high pack-years history (mean 40 pack–years),
and with a high percentage of them actively smoking (60 and 65%). As expected from a matched
population, no differences were found in age, sex, pack–years or smoking status history between groups.
COPD patients had lower BMI and spirometric values than controls. 90% of the COPD patients had
mild-to-moderate airway obstruction. No differences were found in peripheral leukocyte telomere length
between active and former smokers with and without COPD or in those with and without emphysema.
During a median follow-up time of 52 months, a significantly higher proportion of patients with COPD
were diagnosed with lung cancer (26% versus 5%; p=0.001).

The univariate Cox analysis evaluating the independent association of each factor with a diagnosis of lung
cancer is shown in table 1. As expected, more pack–years, a lower BMI, the presence of COPD or of
radiologically detected emphysema, were associated with lung cancer. Patients in the quartile characterised
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by having the longest telomere length were most likely to have lung cancer. In the Cox multivariate
analysis detailed in table 1, pack–years, the presence of COPD or of emphysema and longer telomere
length quartile remained as independent predictors of lung cancer.

The present cross-sectional study showed that lung cancer screening participants with longer peripheral
leukocyte telomere length have a higher risk of developing lung cancer, independent of the presence of
COPD or radiological emphysema. This finding is interesting since these two diseases have been
traditionally described as part of early and accelerated ageing processes associated with shorter telomere
length [2] and increased lung cancer risk [6, 7].

JANG et al. [8] first postulated the link between shorter peripheral leukocytes telomere length and lung
cancer risk. They studied 243 patients with lung cancer and 243 healthy controls of similar age, sex and
smoking status and found that shorter telomere length (measured as quartiles or medians) was associated
with a higher risk for lung cancer. MA et al. [11] later performed a meta-analysis, exploring a dataset of
11255 cases and 13101 controls from 21 publications showing also that shorter telomeres were
significantly associated with a higher risk for lung cancer (OR 2.39, 95% CI 1.18–4.88).

However, two recent studies have reported opposite findings. MACHIELA et al. [9] studied a group of 1536
individuals from the prospective Shanghai Women’s Health Study (SWHS) and found that longer telomere
length was associated with increased lung cancer risk (OR 1.51, 95% CI 1.34–1.69). SEOW et al. [12]
explored a pool analysis of subjects from the Prostate, Lung, Colorectal and Ovarian (PLCO) Cancer
Screening Trial, the Alpha-Tocopherol, Beta-Carotene Cancer Prevention (ATBC) Trial and the SWHS
and demonstrated that patients with the longest peripheral leukocyte telomere length had the highest risk
for lung cancer. Importantly, none of these studies assessed the potential risk associated with the presence
of COPD and/or emphysema. The current study provides a novel perspective of the most important risk
factors associated with lung cancer by including into the analysis, the concurrent presence of COPD or
emphysema as independent factors that could help explain the differences observed in previous studies.

Scarce information is available to explain the association between long telomere length and cancer risk.
Recently, several reports have documented that mutations that lengthen telomeres are associated with
increased risk of cancers, such as melanomas and gliomas. These reports suggest that the mechanism
could relate to mutations in telomerase and sheltering genes, a mechanism called the “long telomere
syndrome” [13]. The pathways are not yet fully defined but it seems to be responsible for certain
histological types of cancers, with most information available regarding the development of melanomas.

TABLE 1 Univariate and multivariate Cox analysis exploring the independent association of the
studied variables with lung cancer diagnosis in the entire population

p-value HR 95% CI

Univariate analysis
Age: for each year 0.74 1.00 0.96–1.04
Sex: male versus female 0.65 0.84 0.41–1.75
Pack–years: for each pack–year 0.001 1.02 1.01–1.03
BMI: for each kg·m−2 0.03 0.92 0.85–0.99
Emphysema: yes versus no 0.001 4.11 2.26–7.47
COPD: yes versus no 0.001 4.23 2.34–7.63
Telomere length quartiles
Q1: reference (shortest telomere length) 0.001
Q2 versus Q1 0.85 0.90 0.29–2.79
Q3 versus Q1 0.21 1.86 0.69–4.98
Q4 versus Q1 0.001 4.38 1.79–10.7

Multivariate analysis
Pack–years: for each pack–year 0.015 1.01 1.00–1.02
Emphysema: yes versus no 0.002 2.68 1.42–5.05
COPD: yes versus no 0.001 2.96 1.60–5.49
Telomere length quartiles
Q1: reference (shortest telomere length) 0.001
Q2 versus Q1 0.88 0.92 0.29–2.86
Q3 versus Q1 0.17 1.99 0.74–5.36
Q4 versus Q1 0.003 3.97 1.62–9.72

HR: hazard ratio; BMI: body mass index; COPD: Chronic obstructive pulmonary disease; Q: quartile.
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Interestingly, a recent report by ZHANG et al. [14] using tissue data on 51725 cases and 62035 controls,
applied a Mendelian randomisation approach and estimated the associations between nine telomere
length-associated SNPs and risk for five common cancer types (breast, lung, colorectal, ovarian and
prostate cancer, including subtypes). They found that under Mendelian randomisation assumptions, longer
telomere length increases the risk of lung adenocarcinoma. This information is important since 55% of
our lung cancer cases are adenocarcinomas, in line with the hypothesis presented by these authors.

The present study had several limitations. Firstly, it is a cross sectional analysis and therefore cannot prove
a cause-effect relationship. Secondly, the study was not designed to explore the mechanistic pathways
behind this association. Future studies should explore telomerase activity measurement and sheltering gene
mutations in trying to explain this novel finding. Thirdly, it is a surprise that we could not find differences
in telomere length between smokers with and without COPD. The fact that this is a well-matched
population of relatively young smokers with the same age, sex, pack–year history and smoking status, as
well as the relatively small sample size, could explain the lack of differences in telomere length between the
groups. However, this result further strengthens the results that show a significant association with the
explored variables not due to emphysema or COPD.

In summary, active or former smokers participating in a lung cancer screening programme with peripheral
leukocytes’ telomere length in the longest quartile have an increased risk of lung cancer, independently of the
presence of COPD or emphysema, two well-known lung cancer risk factors associated with shorter telomere
length. Peripheral leukocyte telomere length should be included among the independent factor associated with
lung cancer risk.
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