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The association between leukocyte telomere ==

length and chronic obstructive pulmonary
disease is partially mediated by inflammation:
a meta-analysis and population-based
mediation study

Tieshan Wang'™", Zhaogi Jia?", Sen Li?™", Yuxin Li%, Tingting Yu?, Tao Lu? and Yuanyuan Shi**"

Abstract

Background: Chronic obstructive pulmonary disease (COPD) is one of the major health issues worldwide. Patho-
physiological changes in COPD are mainly reflected in the deterioration of lung function with aging.

Methods: Considering that telomere length is a hallmark of biological aging, we first performed a meta-analysis to
summarize the current knowledge about the relationship between telomere length and COPD and then employed
individual-level data from the continuous National Health and Nutrition Examination Survey (NHANES) to investigate
whether telomere length could reflect accelerated aging in COPD and serve as an independent predictor. A media-
tion study was further performed to examine whether the association between telomeres and COPD could be medi-
ated by inflammation, as one of the most important etiologies and characteristics of COPD.

Results: The four studies included in our meta-analysis were with high heterogeneity (1> =95.7%, Pphet <0.001), and
the pooled relative risk for COPD comparing the shortest tertile versus the longest tertile was 4.06 (95% Cl=1.38 to
11.96). Of the 6,378 subjects in the individual-level data analyses using NHANES, 455 were diagnosed with COPD,
and multivariable-adjusted logistic regression also indicated that short telomere length was associated with COPD.
Consistently, cubic regression spline analyses showed that long telomeres exhibited a significant association with a
decreased risk of COPD. In the subsequent mediation analyses, C-reactive protein concentration, white blood cells
count and blood neutrophil count, as inflammatory biomarkers, showed a significant indirect effect on the relation-
ship between telomere length and COPD.
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Conclusion: Accelerated aging in COPD could be characterized by excessive telomere shortening, and inflamma-
tory response might be involved in the underlying mechanisms of COPD pathogenesis promoted by short telomere
length. Telomere length measurement may facilitate clinical translational research and targeted therapy of COPD.

Keywords: Telomere length, COPD, Inflammation, Mediation study, NHANES

Introduction
Chronic obstructive pulmonary disease (COPD) is
becoming an important health issue worldwide due to
their protracted and refractory pathologic processes
[1]. It can be induced or aggravated by numerous path-
ogenic factors, such as chronic lower respiratory tract
inflammation and long-term inhalation of harmful
substances [2], and can lead to a series of pathologi-
cal features, such as mucus cell proliferation, airway
inflammation, and lung parenchymal injury [3].
Although the pathogenesis of COPD remains
unclear, extensive evidence indicates a close asso-
ciation between COPD and age [3]. For example, the
incidence of COPD increases dramatically after age
40 [4], and the physiological aging of the lung is rep-
resented by the reduction of the surface area of gas
exchange caused by the expansion of alveoli, which
leads to a reduction in the lung static elastic recovery
and an increase in functional residual capacity [5]. Tel-
omeres, comprised of TTAGGG repeats, act as DNA
caps, which prevent the degeneration or remodeling of
chromosomes [6]. Telomeres become shorter with cell
replication; thus, the lifespan represented by telomeres
is biological, rather than chronological [4]. Indeed, the
association between telomere length and disease pro-
gression could be independent of the chronological
age of the organism [4]. As a result, leukocyte telomere
length has been employed as a biomarker of aging [7],
which improves the treatment method and therapeutic
effect of targeted therapy [8]. Given that excessive tel-
omere attrition has been found in COPD patients [9],
we first performed a meta-analysis to summarize the
current knowledge about the relationship between tel-
omere length and COPD and then employed individ-
ual-level data from the NHANES to examine whether
telomere length could reflect accelerated aging in
COPD and serve as an independent predictor. As one
of the most important etiologies and characteristics of
COPD, inflammation has been known to be strongly
associated with both telomere length and COPD [10].
Thus, a mediation study was further applied to test
whether inflammation acts as a potential mediator in
the relationship between telomeres and COPD.

Methods

Meta-analysis

We employed a structured strategy to search three elec-
tronic databases, PubMed, Web of Science and EMBASE,
for studies published up to February 2020 using the fol-
lowing key terms: ‘telomere;, ‘telomeric, ‘telomerase,
‘T/S ratio, ‘lung disease; ‘chronic obstructive, ‘pulmo-
nary disease, ‘airflow obstruction, ‘emphysema, ‘bronchi-
tis; ‘COPD; ‘AECOPD; ‘COAD; ‘COBD; ‘AECB; ‘forced
expiratory volume’ and ‘vital capacity’ The inclusion and
exclusion criteria and search results are outlined in a flow
diagram (Fig. 1A). Two authors independently assessed
the titles and abstracts based on the a priori selection cri-
teria to ensure that articles were eligible. The full texts of
papers that matched the inclusion criteria were retrieved
and screened for final inclusion. In all the meta-anal-
ysis populations, fixed forced expiratory volume in 1 s
(FEV1)/forced vital capacity (FVC) ratio<70% was the
criteria for COPD definition, as suggested by the Global
initiative for chronic Obstructive Lung Disease (GOLD).
We extracted the characteristics of the studies, including
first author, location, population, telomere length assay
and odds ratios (ORs). Next, we converted the effect
sizes of the included studies to common metrics; that is,
these studies were compared using the shortest versus
longest one-third of telomere length. Relative risk was
transformed by assuming the approximately normal dis-
tribution of telomere length and the log-linear relation-
ship between telomere length and COPD. The effect size
for the longest versus shortest one-fourth was calculated
as 1.37 times the longest versus the shortest one-third,
and the effect size of the bottom versus the top one-half
was calculated as 0.86 times the longest versus shortest
third. Heterogeneity of studies was assessed by I°. Stata
12.0 software was used for analysis in this study.

Individual-level data analyses using NHANES

The NHANES collects information about the health
condition of the noninstitutional civilian population
in the U.S. [11-14]. Data from NHANES (1999-2002)
(n=6,378) were employed to investigate the association
between telomere length and COPD (Additional file 1:
Figure S1). For the analyses involving smoking history
adjustment, participants with missing data were further
excluded (Additional file 1: Tables S1-S4). Participants
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Fig. 1 Study flow diagram (A) and forest plot (B) of the meta-analysis

with missing information on inflammatory biomark-
ers were excluded from the mediation study, and 4,011
adults were included in the analyses. Blood samples
were collected from eligible participants and stored for
DNA analyses. The telomere length was recorded as tel-
omere length/standard reference DNA (T/S ratio) [15].
COPD was defined by a self-reported doctor diagno-
sis of chronic bronchitis or emphysema as previously
described [16, 17], and the relationship between telomere
length and COPD status was adjusted for various poten-
tial confounding factors as described previously [14, 18].
Blood samples were collected and tested in accordance
with standard procedures to obtain the concentrations of
five inflammatory biomarkers [C-reactive protein (CRP),
fibrinogen, white blood cells (WBC) count, blood neutro-
phil count (B-Neu) and blood eosinophil count (B-Eos)]
employed in the mediation analysis. The association

between telomere length and COPD status was studied
by logistic regression to calculate odds ratios and 95%
confidence intervals (CIs). P,.,q wWas also calculated for
telomere length quartiles (first quartile=5.31, second
quartile/median=5.68 and third quartile=6.10 kbp).
SAS 9.4 software (SAS Institute Inc., Cary, NC) was
employed to perform statistical analyses. Correla-
tion analysis between chronological age and telomere
length was performed in R using the PerformanceAna-
lytics package. In the mediation analyses, the telomere
length, inflammatory biomarkers, and COPD status were
selected as the independent variable (X), mediator (M)
and dependent variable (Y), respectively. The total effect
of X on Y was decomposed into a direct effect (i.e., an
effect of X on Y controlling for M) and an indirect effect
(i.e., an effect of X on Y mediated by M) [19], which were
calculated using the PROCESS macro developed by
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Hayes [20]. All types of inflammatory biomarkers were
log-transformed, and age, sex, education, race, poverty
income ratio, body mass index, smoking status, and alco-
hol-use status were adjusted as covariates. Full methods
of individual-level data analyses using NHANES can be
found in Additional file 1.

Results
The studies included in our meta-analysis involved 7,404
COPD cases, and were conducted in China or Europe.
All the studies indicated that shorter telomere length was
associated with a higher risk of COPD (Fig. 1B). Because
of the high heterogeneity among studies (I>=95.7%,
P,.;<0.001), we performed a random-effect meta-analy-
sis, and the pooled relative risk for COPD comparing the
shortest tertile versus the longest tertile was 4.06 (95%
CI=1.38 to 11.96). It is also of note that the high het-
erogeneity was presumably caused by the different sam-
ple sizes and study designs between the Rode et al. study
(cross-sectional design) and the others (case—control
designs), because a reduced heterogeneity (I>=52.7%,
P=0.121) was observed after excluding this study. Fur-
thermore, excluding Savale et al. study led to a reduced
relative risk for COPD comparing the shortest tertile ver-
sus the longest tertile (2.76; 95% CI=0.92 to 8.26).
Because of the small number of studies and their sig-
nificant heterogeneity in the meta-analysis, we next
investigated the potential association between leuko-
cyte telomere length and COPD using individual-level
data from the NHANES, which represents the non-
institutional U.S. population. We first examined the
correlation between chronological age and telomere
length, and Additional file 1: Figure S2 shows that tel-
omere length was negatively correlated with chrono-
logical age in the study population and sex-specific
population (P<0.01). The linear regression model sug-
gested that a 1-year increase in age was correlated with
telomere length decreases of 14.75+0.80, 15.49+0.75
and 14.17+1.10 bp in the overall, male and female
populations, respectively. Demographics of the study
population by telomere length quartiles are provided in
Table 1. Compared to participants with a long telomere
length (quartile 4), participants with a short telomere
length (quartile 1) had higher chance to be>40 years
old, be white, have less education, be overweight, be a
nondrinker, have a history of diabetes and hypertension
and be less physically active. Moreover, telomere length
was correlated with COPD (P<0.01) but not asthma
(P=0.38). In addition, our results suggested that COPD
was correlated with sex, age, race, education level, PIR,
smoking status, hypertension history and physical activ-
ity status (Table 2).
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ORs from logistic regression analysis for COPD were
then calculated in overall and sex-specific populations by
employing telomere length quartiles as an independent
variable (Table 3). Both crude and confounder-adjusted
logistic regression indicated that telomere length was
associated with COPD (Py,,q<0.05). For COPD, a multi-
variable-adjusted model showed that participants with a
short telomere length (quartile 1) exhibited an OR of 1.68
(95% CI=1.19-2.37) compared to subjects with a long
telomere length (quartile 4). Considering that smoking is
one of the most profound risk factors for COPD, smoking
history (pack-years) was also calculated. The results sug-
gested that adults with a short telomere length (quartile
1) were more likely to have >20 pack-years than partici-
pants with a long telomere length (quartile 4) (Additional
file 1: Table S1). Results from linear regressions indicated
that both smoking status (P=0.03) and smoking history
(P<0.01) were associated with telomere length. Smok-
ing history was also correlated with COPD (P<0.01)
(Additional file 1: Table S2), and increased pack-year
smoking was associated with an elevated risk of COPD
(Pireng<0.01) (Additional file 1: Table S3). More impor-
tantly, an increased risk of COPD in subjects with a short
telomere length was consistently observed after adjust-
ing for smoking history as a confounder in multivariate
logistic regression analysis (Additional file 1: Table S4).
Consistent with these results, COPD patients had signifi-
cantly shorter age-adjusted telomere lengths than non-
COPD participants (Fig. 2A). The age-stratified analysis
revealed a generally reduced telomere length in subjects
with COPD, but the difference was not statistically sig-
nificant in participants aged 60 years and older (Fig. 2B).
We next treated telomere length as a continuous variable
to study the dose-response relationship between tel-
omere length and COPD status using a three-knot cubic
regression spline (Fig. 2C), which permits a flexible and
not inherently linear shape of the relationship between
the exposure and the outcome. In Fig. 2C, the Y-axis
represents covariate-adjusted ORs to present COPD for
any value of telomere length compared to subjects with a
4.88-kbp telomere length (5th percentile of the telomere
length distribution as a referent level). Spline analysis
indicated that the ORs of COPD generally decreased
with telomere length, and the upper bound of the 95% CI
exceeded the reference line (OR=1) at a telomere length
of approximately 4.98 kbp.

The mediation analysis showed that participants with
a shorter telomere length corresponded to significantly
higher values of CRP (P<0.001), WBC count (P<0.001)
and B-Neu (P=0.016) (X— M). Almost every inflam-
matory factor (CRP, fibrinogen, WBC count and B-Neu)
involved in this study showed a significant positive asso-
ciation with COPD (P<0.01), except B-Eos (P=0.148),
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Table 2 Weighted characteristics of the study population by COPD status-NHANES 1999-2002
Variable Status COPD P value
Yes No
N % s.e. N % s.e.
Gender Male 171 33.68 3.10 2931 5051 0.61 <0.01
Female 284 66.32 3.10 2992 49.49 0.61
Age 20-39 years 122 32.56 219 2200 40.66 1.20 <0.01
40-59 years 132 35.46 294 1844 39.00 0.95
60-79 years 161 27.16 260 1505 17.19 0.67
>80 years 40 4.82 0.97 374 3.15 0.24
Race White 295 81.11 263 3051 74.08 1.79 0.01
Black 59 6.42 1.29 974 8.91 1.01
Others 101 1247 2.93 1898 17.01 2.07
Education < high school 155 26.59 231 1849 18.98 1.04 <0.01
=high school 118 30.88 2.74 1365 25.60 1.15
> high school 182 42.53 283 2709 5542 1.74
Poverty income ratio <1 94 20.00 3.64 980 12.50 0.85 <0.01
1 <PIR <median 201 42.66 3.1 2458 3529 1.39
>median 160 37.34 378 2485 52.21 1.93
Body mass index >25 308 65.51 245 4072 65.28 0.98 0.94
Smoking Yes 290 64.98 252 2828 49.01 143 <0.01
Alcohol use Yes 306 71.49 2.58 4068 7348 2.15 042
Diabetes Yes 50 8.22 1.29 540 6.20 0.41 0.10
High blood pressure Yes 192 37.11 2.68 1685 24.29 0.90 <0.01
Physical activity Yes 226 5375 4.1 3413 65.52 1.46 <0.01

N Number; %, weighted percent; s.e. standard error; NHANES National Health and Nutrition Examination Survey

P values were calculated from Rao-Scott Chi-square tests

after controlling for the effects of telomere length on
COPD (M|X —Y). Telomere length was negatively asso-
ciated with COPD (X|M —Y), which is consistent with
the previous analysis. CRP, WBC count and B-Neu signif-
icantly mediated the association between telomere length
and COPD, as the 95% bootstrap CI did not include the
null (X— M —Y) (Table 4), and the proportions medi-
ated for these three inflammatory biomarkers were 8.6%,
6.2% and 4.2%, respectively. Interestingly, CRP and B-Neu
also showed significant indirect effect on the relationship
between age and COPD (Additional file 1: Table S5).

Discussion

Telomeres at the ends of chromosomes become shorter
with cell replication, suggesting a link between telomere
length and cellular senescence [4, 21, 22]; thus, telomere
length is widely believed to represent the biological age of
eukaryotes [8]. Because functional lung alterations due to
aging enhance the susceptibility to COPD [23], we exam-
ined whether telomere length could predict COPD by
summarizing the relevant literature through meta-analy-
sis, which indicated an increased relative risk of COPD
with a shorter telomere length. Moreover, our analyses

using individual-level data indicated telomere length was
significantly shorter in COPD patients, and CRP, WBC
count and B-Neu, as inflammatory markers, showed a
significant indirect effect on the association between tel-
omere length and COPD, suggesting that inflammation
partially mediated this association.

The association between telomere length and COPD
has been illustrated by several epidemiological studies. A
prospective Danish study revealed a relationship between
COPD and short telomere length [24]. Another French
study reported shorter telomeres in peripheral WBCs or
lung cells in patients with COPD than in healthy controls
[25]. Moreover, it is known that patients with emphysema
may have shorter telomere lengths in certain cell types
(e.g., peripheral blood lymphocytes, fibroblasts) [26].
Thus, the results from our individual-level data analyses
using NHANES data are consistent with epidemiological
studies showing that accelerated aging in COPD can be
characterized by excessive telomere shortening.

The positive role of short telomere length in promot-
ing the development of COPD is evidenced in short
telomere syndromes, a group of genetic disorders
induced by mutations in telomere maintenance-related
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Table 3 Odds ratio for COPD by telomere length quartiles-

NHANES 1999-2002

Telomere length COPD
N cOR (95% Cl) aOR (95% Cl)?
Male + Female® 455
Q4 82 1.00 1.00
Q3 95 1.03 (0.72-1.45) 0.95 (0.66-1.36)
Q2 116 1.55(1.19-2.01) 1.35 (0.99-1.86)
Q1 162 2.14(1.67-2.74) 1.68 (1.19-2.37)
P for trend <0.01 <0.01
Male 171
Q4 27 1.00 1.00
Q3 30 0.97 (0.48-1.95) 0.90 (0.45-1.81)
Q2 45 1.37 (0.87-2.16) 1.28 (0.77-2.14)
Q1 69 2.11(141-3.15) 1.72 (0.98-3.00)
P for trend <0.01 0.04
Female 284
Q4 55 1.00 1.00
Q3 65 1.04 (0.69-1.57) 0.95 (0.62-1.45)
Q2 71 1.69 (1.20-2.38) 41(0.95-2.12)
Q1 93 2.21(1.55-3.14) 1.64 (1.07-2.51)
P for trend <0.01 <0.01

cOR Crude odds ratio; aOR Adjusted odds ratio; C/ confidence interval; N
Number; NHANES National Health and Nutrition Examination Survey

@ Model was adjusted for age, age square, education, race, poverty income ratio,
body mass index, smoking status, alcohol-use status, diabetes status, high blood
pressure status and physical activity status

b Sex was further adjusted

genes [8]. As one of the most common complications
of short telomere syndrome, lung diseases, such as
emphysema, tend to induce morbidity and mortality
[27]. Notably, telomere length but not telomerase loss
is deemed a degenerative genetic defect because no
degenerative phenotype is observed in telomerase-null
mice with normal telomere lengths [28, 29]. This is
consistent with the situation in humans in which lung
disease onset is correlated with the degree of telomere
shortening in patients with mutations in telomerase
and telomere maintenance genes [8]. Thus, evidence
from short telomere syndromes reveals that short tel-
omere length plays an important role in the develop-
ment of COPD. As suggested by Fletcher—Peto curve,
an accelerated decline of FEV1 can be observed dur-
ing aging, and patients with COPD have FEV1 decline
that occurs more quickly compared to controls [30].
However, other studies also indicate the accelerated
decline in FEV1 is not a prerequisite of COPD occur-
rence, and the baseline lung function or the patterns
of lung function changes are important to the develop-
ment of COPD [31, 32]. Understanding the independ-
ent and interactive role of accelerated aging and lung
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function trajectories is important to identify individu-
als with COPD in early adulthood, which warrants fur-
ther investigation.
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Smoking is a well-known risk factor for COPD, and
oxidative stress mediated by smoking promotes cell
turnover, causes DNA damage and induces dysregulation
of protease and antiprotease balance, leading to emphy-
sema-like pathological changes in the lung [4]. Smoking
also reduces telomere length in a dose—effect relation-
ship [33]. For instance, women who smoke can accelerate
the loss of telomeres from circulating lymphocytes, and
each pack of cigarettes a year can cause 5 bp of telomere
shortening [34]. Our results consistently demonstrated
that smoking history was correlated with telomere length
and COPD status in multivariate logistic regression. One
underlying mechanism of smoking-mediated telomere
attrition is that smoking accelerates the acetylation and
degradation of shelterin TPP1 by disrupting the inter-
action between TPP1 and the SIRT1 complex [35]. In
addition to promoting telomere shortening in the lung
epithelium, smoking can also induce dysregulation of
p21, which mediates cellular senescence [36]. The oxi-
dative stress induced by smoking is also correlated with
low-grade systemic inflammation [33], and SIRTs may
serve as a target for anti-inflammatory and anti-aging
processes [37]. In the lungs of patients with COPD,
downregulation of SIRT1 is due to smoking-mediated
posttranslational oxidative modification [4, 37]. In ani-
mal experiments, SIRT1 levels in the lungs of rats can
also be reduced by cigarette smoke, indirectly leading to
an increase in inflammatory cytokines [38]. In summary,
smoking promotes telomere shortening, cellular senes-
cence and inflammation in COPD.

The cell senescence hypothesis associated with short
telomere length is widely recognized as one of the bio-
logical mechanisms of COPD. Cell division shortens tel-
omere length, and it hypothesizes that a telomere length
below a threshold leads to cellular senescence, a state in
which cells lose the ability to divide [39]. Indeed, the pro-
moted cellular senescence of both alveolar epithelial and
endothelial cells has been found in emphysema patients
[26]. A study of the mechanism of cellular senescence-
mediated lung disease indicated that critically short
telomeres symbolized a DNA damage response that acti-
vated cellular apoptosis [40]. To compensate for such
alveolar cell apoptosis, a high level of alveolar cell pro-
liferation is found in the emphysematous lung [41, 42].
Like other somatic cells, excessive proliferation eventu-
ally induces senescence of alveolar cells, and apoptotic
cells are no longer replaced, which in turn contributes
to the loss of alveolar structure and reduction of lung
surface area [26]. Cellular senescence of mesenchymal
precursor cells may also be a cause of connective tissue
defects in patients with COPD, a physiological change
that promotes the production of extracellular matrix pro-
teins and affects signaling pathways involved in alveolar
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modulation [43]. Malfunction of the shelterin complex
that protects telomeres from DNA repair mechanisms
can promote telomere dysfunction and result in cellular
senescence [35]. For example, a reduced level of shelterin
telomere protection protein 1 leads to SIRT1-mediated
telomere attrition and subsequent cellular senescence
in COPD [35]. Furthermore, in type 2 alveolar epithelial
cells (AEC2s), the deletion of the shelterin component
telomeric repeat binding factor 2 (TERF2) is associ-
ated with DNA damage, which leads to cell senescence
and lung remodeling [44]. In conclusion, cellular aging,
which short telomeres can represent, has been linked to
decreased lung function [39]. Understanding the bio-
logical mechanisms of lung aging will be helpful for the
treatment of lung diseases, such COPD and pulmonary
fibrosis [45]. For example, telomerase can be activated by
adeno-associated serotype 9 vector (AAV9)-Tert gene
therapy, which has therapeutic effect on lung fibrosis in a
mouse model [46]. Thus, telomere shortening may serve
as a promising target in the development of novel strate-
gies to treat lung diseases.

An increased level inflammation can be observed dur-
ing aging, which is called “inflammaging” [47]. As an
important marker of inflammation, CRP is synthesized
in liver upon stimulation of proinflammatory cytokines,
and elderly adults tend to have a higher level of Serum
CRP [48]. Patients with COPD also have an elevated CRP
level [49], and CRP can independently predict the prog-
nosis of COPD in participants with airway obstruction
[50]. These established links between CRP and aging/
COPD are further supported by our observation that
CRP partially mediated the association between telomere
length and COPD. At molecular level, the hyperactiv-
ity of transcription factor NF-kB in senescent cells with
short telomere lengths contributes to the generation of
inflammation [51, 52], and high levels of circulating or
local proinflammatory cytokines are pathologic features
of COPD [3]. The autoimmune phenotype may explain
the persistent inflammation in COPD due to an increase
in the number of circulating senescent T cells in patients
[53, 54]. Alveolar senescence and mesenchymal pro-
genitor cell dysfunction are also thought to be involved
in inflammatory and autoimmune processes in COPD
[55-57]. Furthermore, the immune response caused by
senescent AEC2s with telomere dysfunction can pro-
voke inflammation in the lungs, which is related to the
upregulation of cytokine signaling pathways [44]. Bone
marrow-derived mesenchymal stem cells (MSCs) inhibit
the release of proinflammatory factors and stimulate the
activity of T lymphocytes [58, 59]. However, MSCs in
COPD are impaired in function, which weakens the sup-
pression of proinflammatory cytokines, leading to con-
tractile bronchitis [43]. Clinical evidence suggests that
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the plasma content of numerous cytokines is increased
in COPD patients, and interleukin-6 in COPD patients
is inversely proportional to telomere length [25]. In
sum, the current study supported the notion that aging
caused by shortening telomeres is naturally associated
with increased levels of proinflammatory cytokines that
promote the development of COPD by the inflammatory
response [44].

This study has several limitations. First, causality of the
associations observed in this study could not be tested
because of its cross-sectional design, and thus reverse
causality could not be prevented. For example, it’s impos-
sible to test whether inflammation leads to short tel-
omeres length, which is required by the assumption of
mediation analyses (i.e., no reciprocal causation between
the exposure and the mediator). Second, information
about COPD status of participants was self-reported,
and it is more accurate to define COPD by spirometry
data. Third, replication of our findings from the analyses
using NHANES data in large and independent cohorts is
needed. Despite these limitations, the current study has
several strengths. Numerous demographic and inflam-
matory biomarkers have been collected by NHANES,
allowing us to adjust the potential confounders in the
mediation analyses. Moreover, the sample for NHANES
is selected to represent the noninstitutionalized civil-
ian residents the United States. Furthermore, multi-
ple data analysis methods, such as meta-analysis and
mediation analysis, were employed in our study to illus-
trate the association of telomere length shortening with
COPD and the mediating role of inflammation in this
association.

Conclusions

Both meta-analysis and individual-level data analysis
indicate an elevated risk of COPD in participants with
a shorter telomere length, suggesting that excessive tel-
omere shortening in peripheral circulation could serve as
a biomarker to characterize accelerated aging in COPD.
Possible underlying mechanisms of COPD pathogen-
esis promoted by short telomere length may involve an
inflammatory response in the lung, although smoking is
the major etiological factor. More fundamental research
on the pathogenesis of COPD is required to understand
the etiology of such multifactorial systemic diseases and
provide novel diagnostic, prognostic, and therapeutic
approaches.
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