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In 2009, Elizabeth Blackburn, Jack Szostak and Carol Greider were awarded the Nobel Prize in Physiology
or Medicine for their pioneering work that led to the discovery of telomeres and the enzyme complex
telomerase responsible for maintaining its structure [1]. Over the past four decades, the classic view of
telomeres protecting the natural ends of linear chromosomes and telomerase as telomere-terminal
transferase necessary for the replication of chromosome ends has significantly evolved. Many diverse fields
have matured, including the discovery of key molecular components of telomerase, implications for limits
to cellular replication, and identification and characterisation of human genetic disorders that result in
premature telomere shortening [2]. For example, the short telomere syndromes are a group of genetic
disorders that are caused by mutations in components of the telomerase enzyme and other telomere
maintenance genes [3]. The most common associated pathologies involve respiratory disorders such as
idiopathic pulmonary fibrosis (IPF) and related interstitial lung disorders and severe emphysema, alone or
combined with fibrosis [4–6]. Mutations in the telomerase enzyme genes are the most common cause of
IPF, and the frequency of these mutations in severe, early-onset emphysema rivals the prevalence of
α1-antitrypsin deficiency [4], making short telomere syndromes the most-common premature ageing
disorders, with ∼10000 affected individuals in the USA alone [3].

In this issue of the European Respiratory Journal, LIU et al. [7] analysed telomere length of circulating
peripheral blood leukocytes (PBL-TL) in two cohorts of 1331 critically ill patients to test the hypothesis
that telomere length is associated with survival in critical illness. Their primary analysis cohort consisted
of 937 medical and surgical patients of whom 368 had sepsis (“VUMC cohort”). In this cohort, median
PBL-TL was 6.96 kilobase (kb) pairs (interquartile range 6.47–7.41), and shorter PBL-TLs were
independently associated with worse 90-day and 1-year survival in unadjusted and adjusted analysis
(adjusted for age, sex, ethnicity, smoking status and APACHE II score; 90-day survival: adjusted HR 1.3
per 1 kb telomere length decrease, 95% CI 1.1–1.6; p=0.004; for 1-year survival: adjusted HR 1.3 per 1 kb
telomere length decrease, 95% CI 1.1–1.5; p=0.004). Interestingly, mean PBL-TL was significantly shorter
in sepsis patients compared to non-sepsis patients, and the association between 90-day and 1-year survival
was even more pronounced in this subgroup. To validate these findings, secondary analyses in a “sepsis
only” cohort of 394 patients were performed. Similarly, shorter PBL-TL was independently associated with
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worse 60-day survival (adjusted HR 1.6 per 1 kb telomere length decrease, 95% CI 1.2–2.1; p=0.003).
However, there was no association between telomere length and the number of organs failing, vasopressor
use, or the need for mechanical ventilation in adjusted analyses. Additional subgroup analyses suggested
that shorter PBL-TL was associated with risk of progressing from mild to severe acute respiratory distress
syndrome (ARDS), which again was more pronounced in sepsis patients with ARDS.

Quantitative real-time polymerase chain reaction (qPCR) of isolated DNA is commonly used to measure
average PBL-TL. Despite excellent performance characteristics in this study (intra-assay coefficient of
variation (CV) <1% and inter-assay CV <3%), this method has previously been criticised for its high
variability rate across laboratories, in part due to its sensitivity to DNA quality and extraction methods,
while also being prone to error propagation with PCR amplification [8]. Circulating leukocytes
additionally have variable telomere length depending on their replicative histories, thus potentially
confounding analysis of total leukocyte telomere length by fluctuations in leukocyte ratios [9]. Results may
therefore not be easily reproducible across large scale multicentre studies with many different study sites
and laboratories. Telomere length measurement by flow cytometry and FISH (flowFISH) has been
proposed as an alternative method, which can be standardised, has reproducible and definable upper and
lower normal boundaries, and has been used to inform patient care decisions for targeted clinical
conditions in the hospital setting [10].

So what next? First, further research is needed to determine whether short PBL-TL is “just” a marker of
poor baseline health, or if critical illness, and sepsis in particular, accelerates telomere attrition and
conveys an incremental risk for adverse outcomes [11]. A recent small (and likely underpowered) study in
40 critically ill patients assessed changes in PBL-TL over 7 days and reported shortening in PBL-TL in 21
out of 40 patients, lengthening in 11 out of 40 and no change in the remaining eight patients, but failed to
demonstrate any association with clinical outcomes [12]. In addition, the current study by LIU et al. [7]
did not find any statistically significant association of PBL-TL with severity of illness, i.e. the number of
organs failing, need for vasopressors and mechanical ventilation, respectively.

Alternatively, PBL-TL in critically ill patients may be a marker of pre-existing chronic health and immune
competence. For example, in a large prospective Danish cohort of 75309 people who were followed for up
to 23 years, individuals within the shortest quartile of PBL-TL had a higher risk of infection and
pneumonia-related hospitalisations than individuals with longer PBL-TL. Understanding the relationship
between PBL-TL and immune phenotype is particularly important in patients with sepsis who frequently
have sustained immunosuppression that predisposes them to recurrent infections and infection-related
hospitalisations [13]. The lack of cytokine data, which would be needed to better understand the
relationship between telomere length and immune phenotype, is a limitation of the current study and
should be on the future research agenda. If short PBL-TL is associated with an immunocompromised
phenotype, future studies to explore PBL-TL as a predictive biomarker for immunomodulatory therapies
may be warranted. Second, the severity of many chronic health conditions is associated with telomere
length including obesity, diabetes, heart failure, and chronic obstructive lung disease [14–17]. These
diseases are highly prevalent among patients with sepsis, and future studies should provide more clinical
detail about pre-existing health conditions to minimise the risk of residual confounding.

In conclusion, the association of shorter leukocyte telomere length and reduced survival in critical illness,
and sepsis in particular, is an intriguing finding at the intersection of immune competence, chronic health
and cellular senescence that may prove crucial in our quest to improve outcomes after critical illness.
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