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Rationale: Telomere length is considered a marker for biological
aging. Chronic obstructive pulmonary disease (COPD) may be
associated with premature aging.
Objectives: To test the hypothesis that patients with COPD experi-
ence accelerated telomere shortening and that inflammation is
linked to this process.
Methods: We measured telomere length, using a quantitative poly-
merase chain reaction–based method, and plasma levels of various
cytokines in 136 patients with COPD, 113 age- and sex-matched
smokers, and 42 nonsmokers with normal lung function.
Measurements and Main Results: Median (range) telomere length
ratiowas significantly lower in patientswithCOPD(0.57 [0.23–1.18])
than in control smokers (0.79 [0.34–1.58]) or nonsmokers (0.85
[0.38–1.55]) (P , 0.001). The difference remained highly significant
when using logistic regression analysis adjusted for age, sex, and
tobacco exposure. Both females and males with COPD had shorter
telomere length than same-sex control subjects. Telomere length
was related to age in patients and control subjects but was shorter in
patients than in control subjects in all age groups. No relationship
was found between telomere length and tobacco exposure in
patients or control subjects, with no difference between control
smokers and nonsmokers. In patients with COPD, telomere length
was related to PaO2

(P , 0.001) and PaCO2
(P , 0.001) but not to lung

functionparametersor the BODE Index.PatientswithCOPDalsohad
elevated plasma levels of various cytokines, interleukin-6 correlating
negatively with telomere length (P , 0.001).
Conclusions: Given that in vivo telomere length reflects cellular
turnover and exposure to oxidative and inflammatory damage, our
data support accelerated aging in COPD.

Keywords: telomere length; chronic obstructive pulmonary disease;
inflammation; hypoxemia

Chronic obstructive pulmonary disease (COPD) is becoming
increasingly prevalent in most countries and is predicted to
become the third leading cause of death worldwide by 2020 (1,
2). Although COPD is primarily a respiratory disease, systemic
complications contribute substantially to the prognosis. Most of
these systemic complications, including weight loss, skeletal
muscle dysfunction, osteoporosis, and atherosclerosis, are con-
sidered age-related abnormalities (3–5). Osteoporosis and stiff-
ness of the central arteries are increased in patients with COPD
compared with age-matched control subjects, suggesting that
COPD may be associated with premature aging related to
amplification of the mechanisms that underlie aging (4, 6).

Telomere length is considered a biomarker for aging (7, 8).
Telomeres are DNA sequences and associated proteins that cap
and stabilize the ends of linear chromosomes, thereby main-
taining genome integrity and stability. Telomere length is not
only related to the basic biology of aging as a trigger of cellular
senescence but also reflects the balance between oxidative stress
and antioxidant defense mechanisms (9–12). Thus, telomere
attrition in circulating white blood cells has been proposed as
a marker for cumulative oxidative stress and inflammation and,
therefore, as an indicator of the pace of biological aging. Several
studies also suggest that telomere shortening may be a risk
factor for the development of cancer (13, 14), particularly lung
cancer (15, 16). Moreover, telomere shortening in leukocytes
was associated with the development of coronary artery and
cerebrovascular disease, and shortening of the age-corrected
telomere length was associated with a substantial additional risk

AT A GLANCE COMMENTARY

Scientific Knowledge on the Subject

Patients with chronic obstructive pulmonary disease (COPD)
develop many age-related complications that substantially
affect outcome. Telomere length is considered a marker for
biological aging.

What This Study Adds to the Field

Excess telomere shortening was found in patients with
COPD, supporting accelerated aging in COPD. Decreased
telomere length, used as a marker for cellular turnover,
exposure to oxidative and inflammatory damage, and
biological age, may have clinical significance in COPD.
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of mortality from cardiovascular and infectious diseases (17,
18). Patients with COPD are at increased risk for cardiovascular
disease and lung cancer, which are the leading causes of death in
COPD. Evaluation of telomere length in COPD may therefore
be of considerable usefulness, not only to gain further insight
into the process of premature aging, but also potentially as
a biomarker for disease severity.

A previous study suggested that telomere length might be
shorter in patients with COPD (19), although another found no
difference between patients with and without COPD (20). This
discrepancy may be ascribable to the small number of patients
studied and to the absence of an appropriate control group
matched for age and sex (19, 20). Smoking may also affect
telomere length (21). However, most comparisons of smokers
and nonsmokers failed to include lung function measurements,
so that specific effects of smoking could not be assessed
independently from those of airflow limitation (21).

In the present study, we measured telomere length in
circulating leukocytes from 136 patients with COPD and in 155
age- and sex-matched smokers and nonsmokers with normal lung
function. Our goal was to determine whether COPD was
associated with reduced telomere length independently from
sex, age, and tobacco consumption. We also determined whether
lung function parameters and circulating inflammatory cytokine
levels were linked to telomere length in patients with COPD and,
for some of these factors, in control subjects.

METHODS

Study Population

We studied 136 unrelated patients with COPD recruited at two French
centers located in Strasbourg (n 5 60) and Créteil (n 5 76), re-
spectively. Inclusion criteria included an at least 10–pack-year history
of tobacco smoking and FEV1/ FVC ratio less than 70%. Patients were
in a stable phase of their disease, defined as no requirement for
antibiotic or oral corticosteroid therapy and no change in respiratory
symptoms within the last month. Patients were excluded if they had
known heart disease, malignancy, or other inflammatory or metabolic
conditions. The BODE (body mass index, airflow obstruction, dyspnea,
and exercise capacity) Index score was calculated according to Celli
and colleagues (22).

We also recruited 155 healthy control subjects (using announce-
ments in local newspapers), including 113 smokers and 42 nonsmokers,
who were free of acute or chronic illness except for mild systemic
hypertension, whose FEV1 values were greater than 80% of predicted,
and whose FEV1/FVC ratios were greater than 70%. Screening of
control subjects for study inclusion involved a medical history, clinical
examination, electrocardiogram, and comprehensive set of lung func-
tion tests. Our initial goal was to recruit 1 age-matched (62 yr) and
sex-matched control per patient, but we then included additional
individuals to have at least 50 control subjects with a smoking history
greater than 20 pack-years. Nonsmokers were defined as individuals
who had never regularly smoked one or more cigarettes a day or who
had smoked one or more cigarettes a day for less than 1 year. Smokers
were individuals who reported regularly smoking one or more ciga-
rettes a day for at least 1 year. Former smokers were individuals who
reported smoking one or more cigarettes a day regularly in the past but
who had not smoked during the last year.

This study was approved by the institutional review board of the Henri
Mondor teaching hospital (Créteil, France). All patients and control
subjects signed an informed consent document before study inclusion.

Laboratory Investigations

Measurements of plasma cytokine concentrations in patients and control
subjects. Plasma samples for measurements of IL-6, IL-8, IL-1b, mono-
cyte chemotactic protein-1 (MCP-1), transforming growth factor-b (TGF-
b), and tumor necrosis-a (TNF-a) were obtained from all control subjects
and from 103 patients with COPD. Plasma levels of these cytokines were
determined with an ELISA (R&D Systems, Lille, France).

Telomere length assay. All patients and control subjects underwent
blood sampling for genotype determination. Telomere length was
assessed in a real-time quantitative polymerase chain reaction (PCR)–
based assay (23). Briefly, the telomere repeat copy number to single-gene
copy number (T/S) ratio was determined with a 7900HT thermocycler
(Applied Biosystems, Foster City, CA) in a 96-well format, using the
comparative Ct method (T/S 5 22DDCt). Genomic DNA was extracted
from blood with a DNeasy blood kit (Qiagen, Courtaboeuf, France) and
quantified with a spectrophotometer. Each sample was run in triplicate,
using the SYBR green method (Invitrogen, Cergy-Pontoise, France) and
30 ng of DNA. The sequences and final concentrations of the primers for
the telomere and 36B4 (acidic ribosomal phosphoprotein PO, a single-
copy gene for normalization) were as follows: Tel F, 59-CGGTTTGT
TTGGGTTTGGGTTTGGGTTTGGGTTTGGGTT-39, 300 nM; Tel
R, 59-GGCT TGCCTTACCCTTACCCTTACCCTTACCCTTACC
CT-39, 300 nM; 36B4F, 59-CAGCA AGTGGGAAGGTGTAATCC-
39, 300 nM; and 36B4R, 59-CCCATTCTATCATCAACGGGTA CAA-
39, 300 nM.

Statistical Analysis

The variables compared in patients with COPD, control smokers, and
nonsmokers are listed in Table 1. Qualitative variables are reported as
numbers and percentages, and compared by Chi-square or Fisher exact
test, as appropriate. Quantitative variables are reported as the median
(range), except where otherwise indicated, and compared by nonpara-
metric Kruskal-Wallis test. Most of the quantitative variables were not
categorized; however, telomere length was divided according to tertile
values defined in the control population and coded 1 when greater than
the third tertile, 3 when less than the first tertile, and 2 otherwise. When
analysis indicated significance, patients with COPD were compared with
smokers and smokers with nonsmokers. Patients and control subjects
were also stratified into age groups to evaluate whether telomere length
differences between patients and control subjects varied with age. To
take into account potential associations linking telomere length and/or
plasma cytokine levels to pack-year exposure and patient characteristics,
multivariate logistic regression models comparing patients with COPD
and control subjects were built. In these models, telomere length and
plasma cytokine levels were log10 transformed and pack-year exposure
was expressed by 5–pack-year increments. Multivariate odds ratios were
estimated with their 95% confidence intervals. Potential associations
between telomere length and physiological or biological variables were
separately assessed in patients with COPD or control subjects, using the
nonparametric Spearman’s rank correlation (Rho). All tests were two-
tailed; P values not greater than 0.05 were considered significant. Data
were analyzed with Stata statistical software (release 8.0; StataCorp,
College Station, TX).

RESULTS

Clinical Characteristics of the Study Population

The characteristics of the 136 patients with COPD and 155 control
subjects are reported in Tables 1 and 2. Patients and control
subjects did not significantly differ regarding age, sex, body mass
index, or systemic arterial pressure. All patients were smokers or
former smokers, and pack-year exposure was significantly greater
in the patients than in the control smokers. Among the 155
control subjects, 49 were current smokers (pack-year exposure, 30
[range, 2–72]), 64 were former smokers (pack-year exposure, 15
[range, 0.5–66]), and 42 were nonsmokers. Lung function tests
were normal in all control subjects. Airflow limitation was
moderate to severe in the patients (Table 2), and 24 patients
were receiving long-term oxygen therapy at the time of the study.

Telomere Length and Cytokine Plasma Levels in Patients with

COPD and in Control Subjects

Telomere length ratios were significantly lower for the patients
with COPD (0.57 [0.23–1.18]) than in the overall control
population (0.82 [0.34–1.58]) and for the control smokers (0.79
[0.34–1.58]) (Table 1). Telomere shortening in the patients
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remained significant after adjusting for age, sex, and tobacco
exposure, using a multivariate logistic model (Table 1). To
better assess whether telomere shortening was an effect of
COPD, as opposed to smoking, we performed an additional
analysis among smokers (>10 pack-years) by matching patients
with COPD to control subjects on age (62 yr), sex, and smoking
history (63 pack-years). This comparison of 50 patients with
COPD and 50 matched control subjects showed a highly
significant decrease in telomere length in the patients (Table
3). Telomere length within the second tertile had an odds ratio
of 15.0 (95% confidence interval, 2.8–81.7) and within the first
tertile of 28.3 (95% confidence interval, 5.0–159.1). As shown in
Figure 1, both females and males with COPD had shorter
telomere length values than their same-sex control subjects.
Interestingly, telomere length was longer in female control
subjects than in male control subjects, whereas no difference
was noted between male and female patients (Figure 1).
Compared with control smokers, patients had significantly
increased plasma levels of IL-6, IL-8, IL-1b, TNF-a, and
TGF-b but no significant differences in plasma levels of MCP-
1 (Table 1). Within the control group, plasma levels of IL-6, IL-
8, MCP-1, and TGF-b were higher in smokers than in non-
smokers. In contrast, plasma levels of TNF-a and IL-1b did not
differ between smokers and nonsmokers.

Relationships between Telomere Length and Physiological

and Biological Variables in Patients with COPD and in

Control Subjects

In both patients with COPD and control subjects, telomere
length correlated negatively with age (Table 4). However,
telomere length was shorter in the patients than in the control
subjects within each age group (Figure 2). No relationship was
found between telomere length and pack-year history in the

patients (Rho 5 0.02, P 5 0.82) or the control subjects (Rho 5

20.09, P 5 0.25) whereas a negative correlation was found
when patients and control subjects were combined (Rho 5

20.37, P , 0.00001). Moreover, telomere length in the control
subjects did not differ between smokers and nonsmokers (Table
1). To evaluate whether telomere length was related to COPD
severity, we examined the relationships between telomere
length and gas exchange parameters, lung function test results,
and functional indices in the patients. As shown in Table 4 and
Figure 3, telomere length showed a strong positive correlation
with both PaO2

and SaO2
, as well as a negative correlation with

PaCO2
. No relationship was found between telomere length and

FEV1, FVC, DLCO/ _VA (ratio of the diffusion capacity of the
lung for carbon monoxide to alveolar ventilation), or the

TABLE 1. COMPARISON OF PHYSIOLOGICAL AND BIOLOGICAL VARIABLES BETWEEN PATIENTS WITH CHRONIC OBSTRUCTIVE
PULMONARY DISEASE AND CONTROL SUBJECTS (SMOKERS AND NONSMOKERS)

Control Subjects (n 5 155)

Adjusted Analysis (Patients vs.

Control Subjects)*

Patients (n 5 136) Smokers (n 5 113) Nonsmokers (n 5 42) P Value† OR (95% CI) P Value

Females/males 33/103 32/81 15/27 0.34 — —

Age (yr), mean 6 SD 62.9 6 6.6 62.2 6 7.7 61.4 6 6.1 0.07 — —

BMI, kg/m2 25.6 (14.2–42.7) 25.6 (19.5–47.0) 25.4 (20.7–45.3) 0.69 — —

MAP, mm Hg 96.7 (68.3–125.3) 99.3 (75–140) 98.3 (79.3–130) 0.51 — —

FEV1, % pred 38.4 (13.3 – 90.7)‡ 94.0 (81.0–128) 98 (81.0–135) 0.0001

FEV1, L 1.01 (0.3–3.12)‡ 2.86 (1.24–4.42) 2.76 (0.97–4.40) 0.0001

FVC, % pred 72.8 (29.3–131)‡ 103 (75.0–118) 101 (84.0–129) 0.0001

FVC, L 2.21 (0.80–5.4)‡ 3.65 (1.75–5.77) 3.70 (1.78–5.96) 0.0001

FEV1/FVC 45.6 (19.7–69.0)‡ 77.0 (71.0–99.4) 76.3 (71.0–99.4) 0.0001

Pack-years 48 (10–180)‡ 22 (0.5–72) 0x 0.0001 1.47 (1.35–1.61)k 0.000

Telomere length (T/S ratio) 0.57 (0.23–1.18)‡ 0.79 (0.34–1.58) 0.85 (0.38–1.55) 0.0001 0.0001 (102520.001){ 0.000

IL-6, pg/ml 2.4 (0.3–30.5)‡ 1.5 (0.5–15.3) 0.9 (0.1–3.6)x 0.0001 5.17 (1.73–15.47){ 0.003

MCP-1, pg/ml 475 (126–1,274) 468 (304–769) 394 (111–779)x 0.0006 8.12 (1.05–63.06) 0.05

IL-8, pg/ml 12.4 (0.9–36.6)‡ 9.6 (3.6–37.6) 8.3 (2.2–19.2)x 0.0001 3.82 (0.90–16.20){ 0.069

IL-1b, pg/ml 0.63 (0.1–3.5)‡ 0.34 (0.1–2.28) 0.24 (0.06–1.4) 0.0001 5.23 (0.91–30.21){ 0.065

TGF-b, pg/ml 28.9 (4.3–55.5)‡ 18.3 (5.9–38.2) 16.4 (9.1–24.3)x 0.0001 94.93 (8.74–1,030.5){ 0.000

TNF-a, pg/ml 1.8 (0.2–10.9)‡ 1.5 (0.1–12.2) 1.6 (0.5–5.0) 0.08 1.59 (0.33–7.68){ 0.56

Definition of abbreviations: % pred, percentage of the predicted value; BMI, body mass index; CI, confidence interval; MAP, mean arterial pressure; MCP-1, monocyte

chemotactic protein-1; OR, odds ratio; TGF-b, transforming growth factor-b; TNF-a, tumor necrosis factor-a.

Data are presented as medians (range) unless stated otherwise.

* Odds ratios, with 95% confidence intervals estimated by unconditional logistic regression analysis adjusted for age, sex, and number of pack-years.
† P value of the Chi-square test, Fisher exact test, or nonparametric Kruskal-Wallis test, as appropriate, comparing the three populations (patients, smokers, and

nonsmoker control subjects).
‡ P < 0.05 for the comparisons between patients and smoker control subjects (Kruskal-Wallis test).
x P < 0.05 for the comparisons between smoker and nonsmoker control subjects (Kruskal-Wallis test).
k OR expressed for an increase of 5 pack-years.
{ OR expressed for a change of 1 unit of measurement after log10 transformation.

TABLE 2. OTHER CHARACTERISTICS OF THE 136 PATIENTS
WITH CHRONIC OBSTRUCTIVE PULMONARY DISEASE

n Median Value Range

Dyspnea score 107 3 0–5

6-Minute walking distance, m 115 400 80–620

BODE Index 96 4 0–10

Hb, g/dl 135 14.1 9.9–21.3

DLCO/ _VA, % pred 82 67.2 20.4–135

PaO2
, mm Hg 136 65.1 46.4–103

PaCO2
, mm Hg 136 42.1 30.8–66.0

SaO2
, % 136 93.4 76.2–98.5

Definition of abbreviations: BODE 5 body mass index, airflow obstruction,

dyspnea, and exercise capacity; DLCO 5 diffusion capacity of the lung for carbon

monoxide; Dyspnea score 5 Medical Research Council Dyspnea Scale score; Hb,

hemoglobin; SaO2
5 oxygen saturation of arterial blood; _VA 5 alveolar ventila-

tion.

Blood gases were analyzed from arterial blood samples.
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BODE Index. Among BODE components, the 6-minute walk-
ing distance, which correlated negatively with age (P , 0.001),
also correlated positively with telomere length. We found no
significant difference in telomere length between patients with
FEV1 values less than or greater than 50% (0.56 [0.28–1.18] vs.
0.60 [0.23–1.16], respectively). Telomere length correlated neg-
atively with IL-6 levels but did not correlate with other cytokine
levels in the patients (Table 4). In the control subjects, only the
relationship between telomere length and IL-8 was statistically
significant.

DISCUSSION

The main finding from this study is that telomere length, as
determined in peripheral leukocytes, is markedly decreased in
patients with COPD compared with control subjects, indepen-
dently from age, sex, and smoking history. Interestingly, telo-
mere length was greater in female control subjects than in male
control subjects, whereas no sex-related difference was found in
the patients. In patients with COPD, telomere length correlated
negatively with PaO2

and circulating IL-6 levels. Assuming that
in vivo telomere length reflects cellular turnover and exposure
to oxidative and inflammatory damage, these findings support
accelerated aging in patients with COPD and suggest that
telomere length may serve as a biomarker in this disease.

We found shorter telomeres in patients with COPD com-
pared with age-matched control subjects with normal lung
function. Telomere length decreased with age in both the
patients and the control subjects but remained shorter in the
patients after adjustment for age. The difference between
patients and control subjects also persisted after stratification
into age groups, indicating that COPD influenced telomere
length at all ages. Telomere length was decreased in both males
and females, and telomere length was not greater in the females
than in the males of the COPD group, in contradistinction to
what was seen in our control group and reported in other
studies (24). Thus, COPD was associated with decreased
telomere length and also with elimination of the sex-related
difference seen in healthy individuals. Because tobacco use may
be among the environmental factors that promote telomere
shortening and cellular senescence, an important point was
whether smoking affected telomere shortening and contributed
to the decreased telomere length measured in patients with
COPD. We found no relationship between telomere length and
tobacco use in either group. Moreover, in the control group,
telomere length did not differ between smokers and non-
smokers, or between current smokers, former smokers, and

nonsmokers. The multivariate analysis indicated clearly that
tobacco use did not affect the relationship between telomere
length and COPD and the additional analysis comparing 50
patients and 50 control subjects strictly matched on sex, age,
and smoking history revealed a highly significant telomere
length decrease in the patients. Although these data do not
rule out a contribution of smoking to telomere shortening, they
indicate that the impact of smoking on telomere length may be
small compared with that of COPD. In a previous study
including patients with COPD and control smokers, telomere
length was affected by smoking but not by COPD (20). The
discrepancy with our results may be ascribable to the small
number of individuals evaluated in this earlier study and also,

TABLE 3. COMPARISON OF TELOMERE LENGTH IN 50 PATIENTS WITH CHRONIC OBSTRUCTIVE PULMONARY DISEASE AND
50 CONTROL SUBJECTS MATCHED FOR SEX, AGE (62 YR), AND SMOKING HISTORY (63 PACK-YEARS)

Adjusted Analysis*

Patients (n 5 50) Control Subjects (n 5 50) P Value† OR (95% CI) P Value

Male/female 35/15 35/15 1

Age, yr 59 (49–76) 59 (50–78) 0.69

Pack-years 35 (10–75) 34 (10–72) 0.79

Telomere length (T/S ratio) 0.58 (0.23–1.18) 0.76 (0.42–1.19) 0.0001 0.00001 (0.8 3 102720.002)‡ 0.000

>3rd tertile (0.85), n (%) 2 (4.0) 17 (34.0) 1

3rd21st tertile (0.63–0.85), n (%) 18 (36.0) 16 (32.0) 15.0 (2.8–81.7) 0.002

,1st tertile (0.63), n (%) 30 (60.0) 17 (34.0) 0.000 28.2 (5.0–159.1) 0.000

Definition of abbreviations: OR 5 odds ratio; T/S ratio 5 ratio of telomere repeat copy number to single-gene copy number.

Data are presented as medians (range) unless stated otherwise.

* Odds ratios, with 95% confidence intervals estimated by unconditional logistic regression analysis adjusted for age, sex, and number of pack-years.
† P value of the nonparametric Kruskal-Wallis test or the Fisher exact test, as appropriate.
‡ Odds ratio expressed for a change of 1 unit of measurement after log10 transformation.

Figure 1. Telomere length in females and males among control

subjects and patients with chronic obstructive pulmonary disease
(COPD). Comparisons were adjusted for age and pack-years. Values

represent median (interquartile range). Bars represent extreme values.

Shaded boxes represent females; open boxes represent males. T/S ratio 5

ratio of telomere repeat copy number to single-gene copy number.
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possibly, to the higher level of tobacco exposure in the control
subjects, compared with our control group. A negative correla-
tion between pack-years exposure and telomere length was also
reported in a large cohort of women (21). In these studies,
however, lung function test results were not available and,
therefore, the specific effects of tobacco exposure could not be
assessed independently from those of airflow limitation. In our
study, when both patients and control subjects were pooled,
a significant negative correlation was found between pack-years
and telomere length. Thus, our data emphasize the importance
of COPD as an independent risk factor for accelerated aging as
assessed by telomere length, but they do not rule out a contri-
bution of tobacco exposure.

Among physiological variables, PaO2
showed the strongest

link to telomere length in patients with COPD. No direct
relationship was found between telomere shortening and the
severity of airway obstruction, and some of our patients with mild
airway obstruction (FEV1 . 50%) had shorter telomeres than did
control subjects with normal lung function. The relationship
between PaO2

and telomere length may be of particular signifi-
cance, because hypoxia is a known cause of cellular oxidative
stress; and patients with COPD experience frequent episodes of
oxygen desaturation during sleep, exercise, episodes of acute

bronchitis, and COPD exacerbations. Whether treatment aimed
at preventing oxygen desaturation and improving arterial oxy-
genation in patients with COPD may delay this process deserves
evaluation.

COPD may affect telomere length by inducing systemic
inflammation. Respiratory tract inflammation in patients with
COPD is considered an exaggeration of the normal inflamma-
tory response to chronic irritants such as cigarette smoke (1). A
wide variety of inflammatory mediators is increased in the lung
and blood of patients with COPD, even those whose clinical
status is considered stable (25). Our data are consistent with
these well-established concepts, as circulating levels of the
proinflammatory cytokines IL-6, IL-8, IL-1b, and TGF-b were
higher in patients with COPD than in control smokers or
nonsmokers. In patients with COPD, IL-6 levels were related
to the degree of telomere shortening. The association between
IL-6 levels and telomere length is consistent with evidence that
oxidative stress and inflammation mediate telomere attrition. In
the control subjects, we also found a tendency for inflammatory

TABLE 4. CORRELATIONS BETWEEN TELOMERE LENGTH AND
OTHER VARIABLES IN PATIENTS WITH CHRONIC OBSTRUCTIVE
PULMONARY DISEASE AND IN CONTROL SUBJECTS WITH
NORMAL LUNG FUNCTION

Patients with COPD Control Patients

Spearman’s Rho P Value Spearman’s Rho P Value

Age, yr 20.175 0.042 20.29 0.0003

Pack-years 0.02 0.82 20.09 0.25

FEV1, % 0.03 0.75 0.04 0.66

FEV1, L 0.08 0.38 0.03 0.71

FVC, L 0.11 0.22 0.01 0.90

FEV1/FVC 0.009 0.91 0.10 0.24

PaO2
, mm Hg 0.27 0.002 —

PaCO2
, mm Hg 20.26 0.002 —

SaO2
0.25 0.004

BODE Index 20.07 0.48 —

6-Minute walking

distance

0.24 0.009 —

IL-6, pg/ml 20.27 0.005 20.11 0.18

IL-8, pg/ml 20.02 0.84 20.21 0.012

IL-1b, pg/ml 20.07 0.56 20.13 0.22

TGF-b, pg/ml 0.023 0.84 20.14 0.11

TNF-a, pg/ml 0.005 0.96 20.03 0.67

MCP-1, pg/ml 20.12 0.21 0.12 0.14

Definition of abbreviations: BODE 5 body mass index, airflow obstruction,

dyspnea, and exercise capacity; COPD 5 chronic obstructive pulmonary disease;

Hb, hemoglobin; MCP-1, monocyte chemotactic protein-1; SaO2
5 oxygen

saturation of arterial blood; TGF-b, transforming growth factor-b; TNF-a, tumor

necrosis factor-a.
Figure 2. Telomere length in control subjects and patients with
chronic obstructive pulmonary disease (COPD) in each 10-year age

group. Comparisons were adjusted for sex and pack-years. Values

represent median (interquartile range). Bars represent extreme values.

Shaded boxes represent patients with COPD; open boxes represent
control subjects. T/S ratio 5 ratio of telomere repeat copy number to

single-gene copy number.

Figure 3. Correlations between telomere length, PaO2

(rho 5 0.27, P , 0.002) and PaCO2
(rho 5 20.26, P ,

0.02) in patients with chronic obstructive pulmonary

disease. T/S ratio 5 ratio of telomere repeat copy number
to single-gene copy number.
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markers to correlate with telomere length, although the re-
lationship was significant only for IL-8. It is noteworthy that the
inflammatory cytokine levels differed between smokers and
nonsmokers whereas telomere length did not. Differences in
cytokine levels, however, were much greater between patients
with COPD and control smokers than between control smokers
and nonsmokers. These results, therefore, do not disagree with
the fact that inflammation may affect telomere shortening;
however, they suggest a major role for inflammation severity
in telomere shortening.

Telomere shortening may be of great significance in patients
with COPD. Studies suggest that cell senescence may be associ-
ated with the pathological process of lung emphysema (26).
Senescence of alveolar epithelial and endothelial cells has been
shown to be accelerated in emphysematous lungs, and in situ
measurements showed decreased telomere length in these cells
(26). At present, it is unclear whether telomere dysfunction is
a cause or a consequence of COPD. Although decreased telo-
mere length may be viewed as a consequence of cellular turnover
and exposure to oxidative and inflammatory damage, the obser-
vation that telomerase null mice, which experience accelerated
aging, also exhibit structural alveolar damage suggests that
telomere dysfunction may favor the development of emphysema
(27). Our present findings of telomere shortening in circulating
leukocytes from patients with COPD are consistent with cellular
senescence in COPD being present not only in the lungs but also
in other organs. This is of particular interest because cell
senescence is considered part of the pathologic process of
atherosclerosis (12, 17, 28). Telomere shortening is strongly
associated with increased carotid intima–medial thickness and
increased pulse wave velocity, two alterations closely linked to
the development of atherosclerosis (24, 29). Moreover, there is
growing evidence that short telomeres, by inducing chromosome
instability, can promote the development of cancer (13). An
association between short telomeres and lung cancer has been
reported, suggesting that telomere shortening may also be
a marker for susceptibility to lung cancer (15). Because lung
cancer and cardiovascular events are two major causes of death in
patients with COPD, our finding of decreased telomere length in
patients with COPD warrants further studies to evaluate the
potential prognostic usefulness of telomere length in patients
with COPD.

Conflict of Interest Statement: None of the authors has a financial relationship
with a commercial entity that has an interest in the subject of this manuscript.

Acknowledgment: The authors gratefully acknowledge Prof. Francxois Chabot for
valuable discussion about the manuscript.

References

1. Celli BR, MacNee W. Standards for the diagnosis and treatment of
patients with COPD: a summary of the ATS/ERS position paper. Eur
Respir J 2004;23:932–946.

2. Murray CJ, Lopez AD. Global mortality, disability, and the contribution of
risk factors: global burden of disease study. Lancet 1997;349:1436–1442.

3. Bolton CE, Ionescu AA, Shiels KM, Pettit RJ, Edwards PH, Stone MD,
Nixon LS, Evans WD, Griffiths TL, Shale DJ. Associated loss of fat-
free mass and bone mineral density in chronic obstructive pulmonary
disease. Am J Respir Crit Care Med 2004;170:1286–1293.

4. Sabit R, Bolton CE, Edwards PH, Pettit RJ, Evans WD, McEniery CM,
Wilkinson IB, Cockcroft JR, Shale DJ. Arterial stiffness and osteo-
porosis in chronic obstructive pulmonary disease. Am J Respir Crit
Care Med 2007;175:1259–1265.

5. Sin DD, Man SF. Chronic obstructive pulmonary disease as a risk factor
for cardiovascular morbidity and mortality. Proc Am Thorac Soc
2005;2:8–11.

6. Vogelmeier C, Bals R. Chronic obstructive pulmonary disease and
premature aging. Am J Respir Crit Care Med 2007;175:1217–1218.

7. Zakian VA. Telomeres: beginning to understand the end. Science 1995;
270:1601–1607.

8. Harley CB, Futcher AB, Greider CW. Telomeres shorten during ageing
of human fibroblasts. Nature 1990;345:458–460.

9. Sherr CJ, DePinho RA. Cellular senescence: mitotic clock or culture
shock? Cell 2000;102:407–410.

10. von Zglinicki T, Saretzki G, Docke W, Lotze C. Mild hyperoxia shortens
telomeres and inhibits proliferation of fibroblasts: a model for
senescence? Exp Cell Res 1995;220:186–193.

11. von Zglinicki T. Oxidative stress shortens telomeres. Trends Biochem
Sci 2002;27:339–344.

12. Matthews C, Gorenne I, Scott S, Figg N, Kirkpatrick P, Ritchie A,
Goddard M, Bennett M. Vascular smooth muscle cells undergo
telomere-based senescence in human atherosclerosis: effects of telo-
merase and oxidative stress. Circ Res 2006;99:156–164.

13. Mathon NF, Lloyd AC. Cell senescence and cancer. Nat Rev Cancer
2001;1:203–213.

14. Campisi J. Cancer and ageing: rival demons? Nat Rev Cancer 2003;3:
339–349.

15. Jang JS, Choi YY, Lee WK, Choi JE, Cha SI, Kim YJ, Kim CH, Kam S,
Jung TH, Park JY. Telomere length and the risk of lung cancer.
Cancer Sci 2008;99:1385–1389.

16. Perera SA, Maser RS, Xia H, McNamara K, Protopopov A, Chen L, Hezel
AF, Kim CF, Bronson RT, Castrillon DH, et al. Telomere dysfunction
promotes genome instability and metastatic potential in a K-ras p53
mouse model of lung cancer. Carcinogenesis 2008;29:747–753.

17. Brouilette SW, Moore JS, McMahon AD, Thompson JR, Ford I,
Shepherd J, Packard CJ, Samani NJ. Telomere length, risk of
coronary heart disease, and statin treatment in the West of Scotland
Primary Prevention Study: a nested case–control study. Lancet 2007;
369:107–114.

18. Cawthon RM, Smith KR, O’Brien E, Sivatchenko A, Kerber RA.
Association between telomere length in blood and mortality in people
aged 60 years or older. Lancet 2003;361:393–395.

19. Houben JM, Mercken EM, Ketelslegers HB, Bast A, Wouters EF,
Hageman GJ, Schols AM. Telomere shortening in chronic obstructive
pulmonary disease. Respir Med 2009;103:230–236.

20. Morla M, Busquets X, Pons J, Sauleda J, MacNee W, Agusti AG.
Telomere shortening in smokers with and without COPD. Eur Respir
J 2006;27:525–528.

21. Valdes AM, Andrew T, Gardner JP, Kimura M, Oelsner E, Cherkas LF,
Aviv A, Spector TD. Obesity, cigarette smoking, and telomere length
in women. Lancet 2005;366:662–664.

22. Celli BR, Cote CG, Marin JM, Casanova C, Montes de Oca M, Mendez
RA, Pinto Plata V, Cabral HJ. The body-mass index, airflow
obstruction, dyspnea, and exercise capacity index in chronic obstruc-
tive pulmonary disease. N Engl J Med 2004;350:1005–1012.

23. Cawthon RM. Telomere measurement by quantitative PCR. Nucleic
Acids Res 2002;30:e47.

24. Benetos A, Okuda K, Lajemi M, Kimura M, Thomas F, Skurnick J,
Labat C, Bean K, Aviv A. Telomere length as an indicator of
biological aging: the gender effect and relation with pulse pressure
and pulse wave velocity. Hypertension 2001;37:381–385.

25. Gan WQ, Man SF, Senthilselvan A, Sin DD. Association between
chronic obstructive pulmonary disease and systemic inflammation:
a systematic review and a meta-analysis. Thorax 2004;59:574–580.

26. Tsuji T, Aoshiba K, Nagai A. Alveolar cell senescence in patients with
pulmonary emphysema. Am J Respir Crit Care Med 2006;174:886–
893.

27. Lee J, Reddy R, Barsky L, Scholes J, Chen H, Shi W, Driscoll B. Lung
alveolar integrity is compromised by telomere shortening in telomer-
ase-null mice. Am J Physiol Lung Cell Mol Physiol 2009;296:L57–
L70.

28. Minamino T, Miyauchi H, Yoshida T, Ishida Y, Yoshida H, Komuro I.
Endothelial cell senescence in human atherosclerosis: role of telo-
mere in endothelial dysfunction. Circulation 2002;105:1541–1544.

29. O’Donnell CJ, Demissie S, Kimura M, Levy D, Gardner JP, White C,
D’Agostino RB, Wolf PA, Polak J, Cupples LA, et al. Leukocyte
telomere length and carotid artery intimal medial thickness: the
Framingham Heart Study. Arterioscler Thromb Vasc Biol 2008;28:
1165–1171.

Savale, Chaouat, Bastuji-Garin, et al.: Telomere Length in COPD 571


