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Introduction

Telomeres are complex heterochromatin structures at the natural ends of linear chromosomes dedicated to the preservation and stability of the genome [START_REF] Wood | A beginning of the end: new insights into the functional organization of telomeres[END_REF][START_REF] Greider | Telomeres[END_REF]. Telomere length (TL) has been associated to the pace of ageing and to the onset/severity of ageing-related diseases [START_REF] Turner | Telomere Biology and Human Phenotype[END_REF].

At the time of birth, TL is highly variable in mammals, specifically humans [START_REF] Turner | Telomere Biology and Human Phenotype[END_REF][START_REF] Vasu | Preterm infants have significantly longer telomeres than their term born counterparts[END_REF][START_REF] De Zegher | Recognition of a sequence: more growth before birth, longer telomeres at birth, more lean mass after birth[END_REF], and appears to be associated with parental TL [START_REF] Nordfjäll | Telomere length and heredity: Indications of paternal inheritance[END_REF][START_REF] Njajou | Telomere length is paternally inherited and is associated with parental lifespan[END_REF][START_REF] Factor-Litvak | Leukocyte Telomere Length in Newborns: Implications for the Role of Telomeres in Human Disease[END_REF][START_REF] Akkad | Telomere length in small-for-gestational-age babies[END_REF][START_REF] Ross | Epigenetic age and pregnancy outcomes: GrimAge acceleration is associated with shorter gestational length and lower birthweight[END_REF][START_REF] Kimura | Offspring's leukocyte telomere length, paternal age, and telomere elongation in sperm[END_REF][START_REF] Aviv | Leukocyte telomere length and the father's age enigma: implications for population health and for life course[END_REF][START_REF] Broer | Meta-analysis of telomere length in 19,713 subjects reveals high heritability, stronger maternal inheritance and a paternal age effect[END_REF][START_REF] Hjelmborg | Paternal age and telomere length in twins: the germ stem cell selection paradigm[END_REF][START_REF] Marchetto | Prenatal stress and newborn telomere length[END_REF][START_REF] Bosquet Enlow | Sex differences in effects of maternal risk and protective factors in childhood and pregnancy on newborn telomere length[END_REF][START_REF] Bosquet Enlow | Maternal cortisol output in pregnancy and newborn telomere length: Evidence for sex-specific effects[END_REF][START_REF] Delgado | The contribution of parent-to-offspring transmission of telomeres to the heritability of telomere length in humans[END_REF][START_REF] Lulkiewicz | Telomere length: how the length makes a difference[END_REF], gender [START_REF] Bosquet Enlow | Sex differences in effects of maternal risk and protective factors in childhood and pregnancy on newborn telomere length[END_REF][START_REF] Bosquet Enlow | Maternal cortisol output in pregnancy and newborn telomere length: Evidence for sex-specific effects[END_REF][START_REF] Benetos | Telomere length as an indicator of biological aging: the gender effect and relation with pulse pressure and pulse wave velocity[END_REF][START_REF] Nawrot | Telomere length and possible link to X chromosome[END_REF][START_REF] Bekaert | Asklepios investigators, Telomere length and cardiovascular risk factors in a middle-aged population free of overt cardiovascular disease[END_REF][START_REF] Gardner | Halcyon study team, Gender and telomere length: systematic review and meta-analysis[END_REF][START_REF] Wolkowitz | Leukocyte telomere length: Effects of schizophrenia, age, and gender[END_REF][START_REF] Brown | Telomere Length Among Older U.S. Adults: Differences by Race/Ethnicity, Gender, and Age[END_REF][START_REF] Ly | Telomere length in early childhood is associated with sex and ethnicity[END_REF][START_REF] Cv | Decline in telomere length by age and effect modification by gender, allostatic load and comorbidities in National Health and Nutrition Examination Survey[END_REF][START_REF] Choi | Gender-specific associations between quality of life and leukocyte telomere length[END_REF][START_REF] Vyas | Telomere length and its relationships with lifestyle and behavioural factors: variations by sex and race/ethnicity[END_REF] and ethnicity [START_REF] Brown | Telomere Length Among Older U.S. Adults: Differences by Race/Ethnicity, Gender, and Age[END_REF][START_REF] Ly | Telomere length in early childhood is associated with sex and ethnicity[END_REF][START_REF] Vyas | Telomere length and its relationships with lifestyle and behavioural factors: variations by sex and race/ethnicity[END_REF][START_REF] Lynch | Race, Ethnicity, Psychosocial Factors, and Telomere Length in a Multicenter Setting[END_REF][START_REF] Davis | Adiposity and Leukocyte Telomere Length in US Adults by Sex-Specific Race/Ethnicity: National Health and Nutrition Examination Survey[END_REF][START_REF] Hunt | Leukocyte telomeres are longer in African Americans than in whites: the National Heart, Lung, and Blood Institute Family Heart Study and the Bogalusa Heart Study[END_REF]. From this starting point, telomere attrition accompanies normal ageing. It is rapid during the first 20 years of life, then substantially slowed down [START_REF] Benetos | Tracking and fixed ranking of leukocyte telomere length across the adult life course[END_REF][START_REF] Sabharwal | Telomere length dynamics in early life: the blood-and-muscle model[END_REF][START_REF] Benetos | Telomere length tracking in children and their parents: implications for adult onset diseases[END_REF] until telomeres reach a critical length and a DNA damage response is initiated, committing the cell to senescence or apoptosis [START_REF] Tümpel | The role of telomere shortening in somatic stem cells and tissue aging: lessons from telomerase model systems[END_REF][START_REF] Barnes | Mechanisms of development of multimorbidity in the elderly[END_REF][START_REF] Aubert | Telomeres and aging[END_REF]. The secretome associated with telomere-induced cell senescence impacts surrounding cells and can limit the regenerative capacity of affected tissues by compromising the function of tissue-specific stem and progenitor cells [START_REF] Saeed | Stem cell function and maintenance -ends that matter: role of telomeres and telomerase[END_REF][START_REF] Sahin | Linking functional decline of telomeres, mitochondria and stem cells during ageing[END_REF][START_REF] Jurk | Chronic inflammation induces telomere dysfunction and accelerates ageing in mice[END_REF]. Thereby, the accumulation of senescent cells, in addition to inflammation, leads to a loss of tissue function and ultimately to organismal ageing [START_REF] Faragher | How might replicative senescence contribute to human ageing?[END_REF].

Telomeres shortening rate can be accelerated by inflammation and oxidative stress in vitro and these phenomena participate in the ageing process [START_REF] Zhang | Ageing and the telomere connection: An intimate relationship with inflammation[END_REF]. Moreover, chronic inflammation, oxidative stress and lastly TL dynamics have been shown to be involved in various ageing-related non-communicable diseases (NCDs) such as cardiovascular diseases [START_REF] Toupance | The individual's signature of telomere length distribution[END_REF][START_REF] Zhan | Telomere length and cardiovascular disease risk[END_REF][START_REF] Morgan | Age-related telomere uncapping is associated with cellular senescence and inflammation independent of telomere shortening in human arteries[END_REF][START_REF] Toupance | TERC Variants Associated with Short Leukocyte Telomeres: Implication of Higher Early Life Leukocyte Telomere Attrition as Assessed by the Blood-and-Muscle Model[END_REF], cancer [START_REF] Yuan | Telomere-related Markers for Cancer[END_REF][START_REF] Vitis | Telomere Length Maintenance in Cancer: At the Crossroad between Telomerase and Alternative Lengthening of Telomeres (ALT)[END_REF][START_REF] Jafri | Roles of telomeres and telomerase in cancer, and advances in telomerase-targeted therapies[END_REF] and immune-associated diseases [START_REF] Davidson | Autoimmune diseases[END_REF].

Immune-mediated inflammatory diseases (IMIDs) also belong to this group of NCDs which are the leading causes of morbidity and mortality worldwide and represent a burden on national economies whether in low, middle-or high-income countries [START_REF]Noncommunicable diseases: progress monitor 2020[END_REF][START_REF] Gbd | Causes of Death Collaborators, Global, regional, and national age-sex specific mortality for 264 causes of death, 1980-2016: a systematic analysis for the Global Burden of Disease Study 2016[END_REF].

IMID is a concept used to collectively describe a group of prima facie unrelated disorders that share common inflammatory pathways [START_REF] Fitzgerald | Switching and Discontinuation Patterns Among Patients Stable on Originator Infliximab Who Switched to an Infliximab Biosimilar or Remained on Originator Infliximab[END_REF]. They include conditions such as inflammatory bowel disease (IBD), psoriasis (PS), rheumatoid arthritis (RA), spondyloarthritis, and uveitis [START_REF] Davidson | Autoimmune diseases[END_REF][START_REF] Vangeli | A Systematic Review of Factors Associated with Non-Adherence to Treatment for Immune-Mediated Inflammatory Diseases[END_REF] and are characterized by an immune dysregulation that may afflict any organ system and result in significant morbidity, reduced quality of life and premature death [START_REF] Kuek | Immune-mediated inflammatory diseases (IMIDs) and biologic therapy: a medical revolution[END_REF]. Although the aetiology of these conditions is unknown, advances in molecular research have revealed that an imbalance in inflammatory cytokines which accelerated cellular ageing is central to their pathogenesis [START_REF] Kuek | Immune-mediated inflammatory diseases (IMIDs) and biologic therapy: a medical revolution[END_REF]. In past years, we have seen the emergence in the literature of studies relating these pathologies to TL dynamics [START_REF] Truta | Role of telomere shortening in anticipation of inflammatory bowel disease[END_REF][START_REF] Risques | Ulcerative colitis is a disease of accelerated colon aging: evidence from telomere attrition and DNA damage[END_REF][START_REF] Risques | Ulcerative colitisassociated colorectal cancer arises in a field of short telomeres, senescence, and inflammation[END_REF][START_REF] Getliffe | Lymphocyte telomere dynamics and telomerase activity in inflammatory bowel disease: effect of drugs and smoking[END_REF][START_REF] Da-Silva | Altered mRNA expression of telomere binding proteins (TPP1, POT1, RAP1, TRF1 and TRF2) in ulcerative colitis and Crohn's disease[END_REF][START_REF] Salk | Clonal expansions and short telomeres are associated with neoplasia in early-onset, but not late-onset, ulcerative colitis[END_REF][START_REF] Liu | Telomerase activity in peripheral blood mononuclear cells of psoriatic patients correlates with disease severity[END_REF][START_REF] Wu | Telomerase activity is increased and telomere length shortened in T cells from blood of patients with atopic dermatitis and psoriasis[END_REF][START_REF] Wu | Telomerase activity is spontaneously increased in lymphocytes from patients with atopic dermatitis and correlates with cellular proliferation[END_REF][START_REF] Tamayo | Individual telomere length decay in patients with spondyloarthritis[END_REF][START_REF] Steer | Reduced telomere length in rheumatoid arthritis is independent of disease activity and duration[END_REF][START_REF] Colmegna | Defective proliferative capacity and accelerated telomeric loss of hematopoietic progenitor cells in rheumatoid arthritis[END_REF][START_REF] Dehbi | Accelerated telomere shortening in rheumatic diseases: cause or consequence?[END_REF][START_REF] Fujii | Telomerase insufficiency in rheumatoid arthritis[END_REF][START_REF] Sibille | Accelerated aging in adults with knee osteoarthritis pain: consideration for frequency, intensity, time, and total pain sites[END_REF][START_REF] Sibille | Investigating the Burden of Chronic Pain: An Inflammatory and Metabolic Composite[END_REF][START_REF] Vazirpanah | Aberrant leukocyte telomere length in Birdshot Uveitis[END_REF] but nowhere near to the scientific production dedicated to other NCDs.

In this review we briefly cover mechanisms involved in TL dynamics and then focus on the results of telomeres studies on IMIDs available and their methodological implications.

Telomere/telomerase biology

The natural ends of linear chromosomes require unique genetic and structural adaptations to facilitate the protection of genetic material [START_REF] Wood | A beginning of the end: new insights into the functional organization of telomeres[END_REF]. This is made possible by the sequestration of the telomeric sequence into a protective nucleoprotein cap that masks the double strand ends from constitutive exposure to the DNA damage response machinery [START_REF] Greider | Telomeres[END_REF]. The relationship between capping requirements with telomere replication and the enzymatic processing steps obligatory for telomere function is complex [START_REF] Greider | Telomeres[END_REF]. Telomeric proteins and their interacting factors create an environment at chromosome ends that inhibits DNA repair there, however, the repair machinery is essential for proper telomere function [START_REF] O'sullivan | Telomeres: protecting chromosomes against genome instability[END_REF].

Biology

Telomeres are composed of hundreds to thousands of tandem DNA repeat sequences associated with specific proteins. In humans, the hexameric sequence of the repeat is TTAGGG in one strand and CCCTAA in the other [START_REF] Greider | Telomeres[END_REF][START_REF] De Lange | Shelterin-Mediated Telomere Protection[END_REF]. The 3′ end of telomere terminates with a single-stranded overhang, which folds back and invades the double-stranded telomeric helix, forming a specific structure called T loop [START_REF] Griffith | Mammalian telomeres end in a large duplex loop[END_REF]. Six protective proteins associated with telomere DNA (TRF1, TRF2, TIN2, POT1, TPP1, and RAP1), collectively termed shelterin complex, stabilize the T-Loop and prevent telomeres from inadvertently activating DNA damage signalling and double-strand break repair pathways [START_REF] De Lange | Shelterin-Mediated Telomere Protection[END_REF]. Shelterin must prevent hyper-resection under most conditions. Sfeir et de Lange speculate that the mechanism by which shelterin fulfils this task is related to how it governs the formation of the correct telomeric overhangs after DNA replication [START_REF] Sfeir | Removal of shelterin reveals the telomere end-protection problem[END_REF] (fig. 1.A).

However, each normal cell division results in the loss of small parts of chromosomes' far-end sequences because of the phenomenon known as the end replication problem [START_REF] Olovnikov | A theory of marginotomy. The incomplete copying of template margin in enzymic synthesis of polynucleotides and biological significance of the phenomenon[END_REF][START_REF] Wellinger | In the end, what's the problem?[END_REF][START_REF] Ohki | In vitro reconstitution of the end replication problem[END_REF][START_REF] Aksenova | At the Beginning of the End and in the Middle of the Beginning: Structure and Maintenance of Telomeric DNA Repeats and Interstitial Telomeric Sequences[END_REF], causing telomere length shortening. Once a telomere reaches a critical length, the cell enters a state of permanent cell cycle arrest i.e., intrinsic replicative senescence potentially leading to its programmed death i.e., apoptosis. Exposure to external factors, such as oxidative stress or ultraviolet light can induce premature stress-related senescence. Senescent cells display senescence-associated secretory phenotype (SASP) as long as they remain metabolically active [START_REF] Salama | Cellular senescence and its effector programs[END_REF] and their accumulation in tissues and resulting SASP-induced proinflammatory state combined with a progressively dysfunctional immune system -dubbed inflammaging -ends up impacting the whole organism.

Maintenance of the integrity of telomeres requires telomerase -a specific RNA-dependent DNA polymerase enzyme complex that carries its own integral RNA template (TERC) and adds telomeric repeats to the ends of chromosomes using a telomerase reverse transcriptase (TERT) [START_REF] Cong | Human telomerase and its regulation[END_REF][START_REF] Stewart | Telomerase and human tumorigenesis[END_REF][START_REF] Harrington | Biochemical aspects of telomerase function[END_REF][START_REF] Schrumpfová | Composition and Function of Telomerase-A Polymerase Associated with the Origin of Eukaryotes[END_REF]. TERT sub-unit uses TERC as a template to extend the 3' end of the chromosome [START_REF] Cong | Human telomerase and its regulation[END_REF][START_REF] Stewart | Telomerase and human tumorigenesis[END_REF][START_REF] Harrington | Biochemical aspects of telomerase function[END_REF] (fig. 1.A). This enzyme responsible for generating de novo telomere sequences is active during gestation and in immature undifferentiated cells but predominantly inactive in human somatic cells (except in lymphocytes) [START_REF] Cong | Human telomerase and its regulation[END_REF]. Its activation is a key component of rapid cell division in many cancer cells and occurs in 85-90% of all human cancers [START_REF] Shay | A survey of telomerase activity in human cancer[END_REF][START_REF] Kim | Specific association of human telomerase activity with immortal cells and cancer[END_REF] although it is not a dominantly acting oncogene that can induce physiological transformation by itself [START_REF] Morales | Absence of cancer-associated changes in human fibroblasts immortalized with telomerase[END_REF].

The progressive attrition of telomeres, which is believed to be an initial proliferative barrier to tumour formation in humans and other long-lived animals [START_REF] Shay | Defining the molecular mechanisms of human cell immortalization[END_REF][START_REF] Shay | Role of Telomeres and Telomerase in Aging and Cancer[END_REF][START_REF] Maciejowski | Telomeres in cancer: tumour suppression and genome instability[END_REF], is directly involved in ageing whether it is a natural or pathological process [START_REF] Tümpel | The role of telomere shortening in somatic stem cells and tissue aging: lessons from telomerase model systems[END_REF][START_REF] Barnes | Mechanisms of development of multimorbidity in the elderly[END_REF] and accelerated ageing-associated diseases are characterized by increased cellular senescence.

The clocking mechanism of telomere/telomerase biology can thus be put in parallel with the countdown initiated by chronic inflammatory disorders. Indeed, telomere/telomerase biology impairment has been previously connected to chronic inflammation and to the subsequent immune system disruption of affected patients [START_REF] Zhang | Ageing and the telomere connection: An intimate relationship with inflammation[END_REF][START_REF] Hohensinner | Telomere dysfunction, autoimmunity and aging[END_REF] 

Telomeres and lifestyle

As mentioned previously, telomere attrition during the highly proliferative early years of life -during intrauterine life even -is rapid [START_REF] Factor-Litvak | Leukocyte Telomere Length in Newborns: Implications for the Role of Telomeres in Human Disease[END_REF][START_REF] Akkad | Telomere length in small-for-gestational-age babies[END_REF][START_REF] Benetos | Tracking and fixed ranking of leukocyte telomere length across the adult life course[END_REF][START_REF] Sabharwal | Telomere length dynamics in early life: the blood-and-muscle model[END_REF][START_REF] Benetos | Telomere length tracking in children and their parents: implications for adult onset diseases[END_REF][START_REF] Frenck | The rate of telomere sequence loss in human leukocytes varies with age[END_REF][START_REF] Okuda | Telomere length in the newborn[END_REF][START_REF] Aubert | Collapse of telomere homeostasis in hematopoietic cells caused by heterozygous mutations in telomerase genes[END_REF][START_REF] Bijnens | Telomere tracking from birth to adulthood and residential traffic exposure[END_REF][START_REF] Gorenjak | Telomere length determinants in childhood[END_REF][START_REF] Martens | Newborn telomere length predicts later life telomere length: Tracking telomere length from birth to child-and adulthood[END_REF][START_REF] De Fluiter | Longitudinal telomere length and body composition in healthy term-born infants during the first two years of life[END_REF]. Benetos et al. reported an average TL attrition of 40.7 base pairs (bp) per year in leukocytes of children under 14 from the STANISLAS Study, twice the attrition rate of their parents [START_REF] Benetos | Telomere length tracking in children and their parents: implications for adult onset diseases[END_REF] .Children can thus be greatly impacted by external factors altering cellular replication pacing, especially in utero.Maternal exposures during pregnancy for instance can reflect on fetal TL [START_REF] Broer | Meta-analysis of telomere length in 19,713 subjects reveals high heritability, stronger maternal inheritance and a paternal age effect[END_REF][START_REF] Martens | Newborn telomere length predicts later life telomere length: Tracking telomere length from birth to child-and adulthood[END_REF][START_REF] Martens | Maternal pre-pregnancy body mass index and newborn telomere length[END_REF][START_REF] Verner | Maternal Psychological Resilience During Pregnancy and Newborn Telomere Length: A Prospective Study[END_REF][START_REF] Bosquet Enlow | Maternal psychosocial functioning, obstetric health history, and newborn telomere length[END_REF][START_REF] Entringer | Maternal psychosocial stress during pregnancy is associated with newborn leukocyte telomere length[END_REF][START_REF] Liu | Prenatal second-hand smoke exposure and newborn telomere length[END_REF][START_REF] Mirzakhani | Early pregnancy intrauterine fetal exposure to maternal smoking and impact on fetal telomere length[END_REF][START_REF] Send | Telomere Length in Newborns is Related to Maternal Stress During Pregnancy[END_REF][START_REF] Ip | Prenatal Tobacco Exposure Shortens Telomere Length in Children[END_REF][START_REF] Myers | The effect of maternal vitamin C intake on fetal telomere length[END_REF] and maternal nutrition [START_REF] Entringer | Maternal Folate Concentration in Early Pregnancy and Newborn Telomere Length[END_REF][START_REF] Kim | Higher maternal vitamin D concentrations are associated with longer leukocyte telomeres in newborns[END_REF], weight [START_REF] Martens | Newborn telomere length predicts later life telomere length: Tracking telomere length from birth to child-and adulthood[END_REF][START_REF] Martens | Maternal pre-pregnancy body mass index and newborn telomere length[END_REF][START_REF] Wei | Maternal overweight but not paternal overweight before pregnancy is associated with shorter newborn telomere length: evidence from Guangxi Zhuang birth cohort in China[END_REF], mental health [START_REF] Verner | Maternal Psychological Resilience During Pregnancy and Newborn Telomere Length: A Prospective Study[END_REF][START_REF] Bosquet Enlow | Maternal psychosocial functioning, obstetric health history, and newborn telomere length[END_REF][START_REF] Entringer | Maternal psychosocial stress during pregnancy is associated with newborn leukocyte telomere length[END_REF][START_REF] Send | Telomere Length in Newborns is Related to Maternal Stress During Pregnancy[END_REF] and smoking [START_REF] Bosquet Enlow | Maternal psychosocial functioning, obstetric health history, and newborn telomere length[END_REF][START_REF] Liu | Prenatal second-hand smoke exposure and newborn telomere length[END_REF][START_REF] Mirzakhani | Early pregnancy intrauterine fetal exposure to maternal smoking and impact on fetal telomere length[END_REF][START_REF] Ip | Prenatal Tobacco Exposure Shortens Telomere Length in Children[END_REF] can exert a 'programming' effect on their offspring's TL.

During adulthood on the contrary, telomere attrition is relatively low [START_REF] Benetos | Tracking and fixed ranking of leukocyte telomere length across the adult life course[END_REF][START_REF] Sabharwal | Telomere length dynamics in early life: the blood-and-muscle model[END_REF][START_REF] Benetos | Telomere length tracking in children and their parents: implications for adult onset diseases[END_REF] -between 23.6 and 31.2 bp per year in leukocytes -and has little effect on TL ranking in population [START_REF] Benetos | Tracking and fixed ranking of leukocyte telomere length across the adult life course[END_REF]. Lifestyle is thus unlikely to exert a major impact on TL. However, the effect of many lifestyle factors which are involved in IMIDs pathophysiology on telomere dynamics have been reported in the literature, but the study designs rarely make it possible to decide on causality.

For instance, studies about the effect of smoking on TL are contradictory even if it seems logical at first that the oxidative stress resulting from this behaviour could cause accelerated telomere attrition and faster ageing [START_REF] Verde | Effects of cigarette smoking and nicotine metabolite ratio on leukocyte telomere length[END_REF][START_REF] Müezzinler | Smoking habits and leukocyte telomere length dynamics among older adults: Results from the ESTHER cohort[END_REF][START_REF] Valdes | Obesity, cigarette smoking, and telomere length in women[END_REF][START_REF] Reichert | Does oxidative stress shorten telomeres in vivo? A review[END_REF]. It is important to note that many cross-sectional studies found association between short TL and smoking habits [START_REF] Verde | Effects of cigarette smoking and nicotine metabolite ratio on leukocyte telomere length[END_REF][START_REF] Müezzinler | Smoking habits and leukocyte telomere length dynamics among older adults: Results from the ESTHER cohort[END_REF][START_REF] Valdes | Obesity, cigarette smoking, and telomere length in women[END_REF][START_REF] Strandberg | Association of telomere length in older men with mortality and midlife body mass index and smoking[END_REF][START_REF] Huzen | Telomere length loss due to smoking and metabolic traits[END_REF][START_REF] Chen | Smoking and perceived stress in relation to short salivary telomere length among caregivers of children with disabilities[END_REF][START_REF] Astuti | PILAR Research Network, Cigarette smoking and telomere length: A systematic review of 84 studies and meta-analysis[END_REF][START_REF] Morlá | Telomere shortening in smokers with and without COPD[END_REF][START_REF] Khan | Associations of smoking indicators and cotinine levels with telomere length: National Health and Nutrition Examination Survey[END_REF] while longitudinal studies never found any association between smoking and increased telomere attrition [START_REF] Müezzinler | Smoking habits and leukocyte telomere length dynamics among older adults: Results from the ESTHER cohort[END_REF][START_REF] Mirabello | The association between leukocyte telomere length and cigarette smoking, dietary and physical variables, and risk of prostate cancer[END_REF][START_REF] Weischer | Telomere shortening unrelated to smoking, body weight, physical activity, and alcohol intake: 4,576 general population individuals with repeat measurements 10 years apart[END_REF][START_REF] Bateson | Smoking does not accelerate leucocyte telomere attrition: a meta-analysis of 18 longitudinal cohorts[END_REF][START_REF] Adams | No association between socio-economic status and white blood cell telomere length[END_REF][START_REF] Satoh | Telomere shortening in peripheral blood cells was related with aging but not with white blood cell count[END_REF][START_REF] Bischoff | No association between telomere length and survival among the elderly and oldest old[END_REF][START_REF] Nordfjäll | Telomere length is associated with obesity parameters but with a gender difference[END_REF]. This observation also applies to findings on the cross-sectional associations between short telomeres and diet [START_REF] Cassidy | Associations between diet, lifestyle factors, and telomere length in women123[END_REF][START_REF] Boccardi | Mediterranean diet, telomere maintenance and health status among elderly[END_REF][START_REF] Xu | Multivitamin use and telomere length in women123[END_REF][START_REF] Crous-Bou | Mediterranean diet and telomere length in Nurses' Health Study: population based cohort study[END_REF][START_REF] Leung | Soda and cell aging: associations between sugar-sweetened beverage consumption and leukocyte telomere length in healthy adults from the National Health and Nutrition Examination Surveys[END_REF][START_REF] Navarro-Ibarra | Diet, physical activity and telomere length in adults[END_REF][START_REF] Cherkas | The association between physical activity in leisure time and leukocyte telomere length[END_REF], physical activity [START_REF] Navarro-Ibarra | Diet, physical activity and telomere length in adults[END_REF][START_REF] Cherkas | The association between physical activity in leisure time and leukocyte telomere length[END_REF][START_REF] Du | Physical activity, sedentary behavior, and leukocyte telomere length in women[END_REF][START_REF] Arsenis | Physical activity and telomere length: Impact of aging and potential mechanisms of action[END_REF][START_REF] Rae | Skeletal muscle telomere length in healthy, experienced, endurance runners[END_REF][START_REF] Østhus | Telomere Length and Long-Term Endurance Exercise: Does Exercise Training Affect Biological Age? A Pilot Study[END_REF][START_REF] Denham | Longer Leukocyte Telomeres Are Associated with Ultra-Endurance Exercise Independent of Cardiovascular Risk Factors[END_REF][START_REF] Silva | Moderate and intense exercise lifestyles attenuate the effects of aging on telomere length and the survival and composition of T cell subpopulations[END_REF][START_REF] Ludlow | Relationship between Physical Activity Level, Telomere Length, and Telomerase Activity[END_REF][START_REF] Larocca | Leukocyte Telomere Length is Preserved with Aging in Endurance Exercise-Trained Adults and Related to Maximal Aerobic Capacity[END_REF][START_REF] Krauss | Physical Fitness and Telomere Length in Patients with Coronary Heart Disease: Findings from the Heart and Soul Study[END_REF][START_REF] Kim | Habitual physical exercise has beneficial effects on telomere length in postmenopausal women[END_REF][START_REF] Borghini | Chronic and acute effects of endurance training on telomere length[END_REF][START_REF] Soares-Miranda | Physical Activity, Physical Fitness and Leukocyte Telomere Length: the Cardiovascular Health Study[END_REF] and body mass index [START_REF] Strandberg | Association of telomere length in older men with mortality and midlife body mass index and smoking[END_REF][START_REF] Nordfjäll | Telomere length is associated with obesity parameters but with a gender difference[END_REF][START_REF] Cassidy | Associations between diet, lifestyle factors, and telomere length in women123[END_REF][START_REF] Cherkas | The association between physical activity in leisure time and leukocyte telomere length[END_REF][START_REF] Welendorf | Obesity, weight loss, and influence on telomere length: New insights for personalized nutrition[END_REF][START_REF] Mundstock | Effect of obesity on telomere length: Systematic review and meta-analysis[END_REF][START_REF] Kim | Obesity and weight gain in adulthood and telomere length[END_REF] which are not corroborated in longitudinal studies [START_REF] Navarro-Ibarra | Diet, physical activity and telomere length in adults[END_REF][START_REF] Batsis | Association of adiposity, telomere length and mortality: data from the NHANES 1999-2002[END_REF][START_REF] Lee | Inverse association between adiposity and telomere length: The Fels Longitudinal Study[END_REF][START_REF] Zhu | Leukocyte telomere length in healthy Caucasian and African-American adolescents: relationships with race, sex, adiposity, adipokines, and physical activity[END_REF]. Recently, it was suggested that short telomeres could influence behaviour and that it is in fact this characteristic that could lead to disadvantageous behaviours such as smoking [START_REF] Bateson | Smoking does not accelerate leucocyte telomere attrition: a meta-analysis of 18 longitudinal cohorts[END_REF]. One explanation may be that children tend to replicate their parents' lifestyle, diet, and physical activity well into adulthood [START_REF] Tibbs | The relationship between parental modeling, eating patterns, and dietary intake among African-American parents[END_REF][START_REF] Arredondo | Is parenting style related to children's healthy eating and physical activity in Latino families?[END_REF][START_REF] Østbye | The effect of the home environment on physical activity and dietary intake in preschool children[END_REF][START_REF] Webber | A systematic review of parent role modeling of healthy eating and physical activity for their young African American children[END_REF][START_REF] Lloyd | Paternal Lifestyle-Related Parenting Practices Mediate Changes in Children's Dietary and Physical Activity Behaviors: Findings From the Healthy Dads, Healthy Kids Community Randomized Controlled Trial[END_REF][START_REF] Ochoa | Home Environmental Influences on Childhood Obesity in the Latino Population: A Decade Review of Literature[END_REF][START_REF] Lindsay | Exploring How the Home Environment Influences Eating and Physical Activity Habits of Low-Income, Latino Children of Predominantly Immigrant Families: A Qualitative Study[END_REF]. Similarly they often share socio-economic status [START_REF] Østbye | The effect of the home environment on physical activity and dietary intake in preschool children[END_REF][START_REF] Ochoa | Home Environmental Influences on Childhood Obesity in the Latino Population: A Decade Review of Literature[END_REF][START_REF] Stamatakis | Overweight and obesity trends from 1974 to 2003 in English children: what is the role of socioeconomic factors?[END_REF][START_REF] Conger | Socioeconomic Status, Family Processes, and Individual Development[END_REF][START_REF] Mare | A multigenerational view of inequality[END_REF][START_REF] Mare | MULTIGENERATIONAL ASPECTS OF SOCIAL STRATIFICATION: ISSUES FOR FURTHER RESEARCH[END_REF][START_REF] Pantesco | Multiple forms of discrimination, social status, and telomere length: Interactions within race[END_REF][START_REF] Beatty Moody | Interpersonal-level discrimination indices, sociodemographic factors, and telomere length in African-Americans and Whites[END_REF]. As a result, people with shorter telomeres are more likely to develop metabolic disorders [START_REF] Yamada | Telomere shortening, atherosclerosis, and metabolic syndrome[END_REF][START_REF] Armanios | Telomerase mutations in families with idiopathic pulmonary fibrosis[END_REF][START_REF] Clark | Socioeconomic status and cardiovascular disease: risks and implications for care[END_REF][START_REF] Willeit | Leucocyte telomere length and risk of type 2 diabetes mellitus: new prospective cohort study and literature-based metaanalysis[END_REF][START_REF] Fernández-Alvira | Short Telomere Load, Telomere Length, and Subclinical Atherosclerosis: The PESA Study[END_REF][START_REF] Tamura | Telomere attrition and diabetes mellitus[END_REF][START_REF] Verhulst | A short leucocyte telomere length is associated with development of insulin resistance[END_REF][START_REF] Toupance | Short Telomeres, but Not Telomere Attrition Rates, Are Associated With Carotid Atherosclerosis[END_REF][START_REF] Schultz | Socioeconomic Status and Cardiovascular Outcomes: Challenges and Interventions[END_REF][START_REF] Herrmann | The Importance of Telomere Shortening for Atherosclerosis and Mortality[END_REF][START_REF] Yegorov | Role of Telomeres Shortening in Atherogenesis: An Overview[END_REF] or fall into categories of populations presenting disadvantageous behaviours [START_REF] Verde | Effects of cigarette smoking and nicotine metabolite ratio on leukocyte telomere length[END_REF][START_REF] Müezzinler | Smoking habits and leukocyte telomere length dynamics among older adults: Results from the ESTHER cohort[END_REF][START_REF] Valdes | Obesity, cigarette smoking, and telomere length in women[END_REF][START_REF] Reichert | Does oxidative stress shorten telomeres in vivo? A review[END_REF][START_REF] Strandberg | Association of telomere length in older men with mortality and midlife body mass index and smoking[END_REF][START_REF] Huzen | Telomere length loss due to smoking and metabolic traits[END_REF][START_REF] Chen | Smoking and perceived stress in relation to short salivary telomere length among caregivers of children with disabilities[END_REF][START_REF] Astuti | PILAR Research Network, Cigarette smoking and telomere length: A systematic review of 84 studies and meta-analysis[END_REF][START_REF] Morlá | Telomere shortening in smokers with and without COPD[END_REF][START_REF] Khan | Associations of smoking indicators and cotinine levels with telomere length: National Health and Nutrition Examination Survey[END_REF][START_REF] Mirabello | The association between leukocyte telomere length and cigarette smoking, dietary and physical variables, and risk of prostate cancer[END_REF][START_REF] Weischer | Telomere shortening unrelated to smoking, body weight, physical activity, and alcohol intake: 4,576 general population individuals with repeat measurements 10 years apart[END_REF][START_REF] Bateson | Smoking does not accelerate leucocyte telomere attrition: a meta-analysis of 18 longitudinal cohorts[END_REF][START_REF] Adams | No association between socio-economic status and white blood cell telomere length[END_REF][START_REF] Cassidy | Associations between diet, lifestyle factors, and telomere length in women123[END_REF][START_REF] Boccardi | Mediterranean diet, telomere maintenance and health status among elderly[END_REF][START_REF] Xu | Multivitamin use and telomere length in women123[END_REF][START_REF] Crous-Bou | Mediterranean diet and telomere length in Nurses' Health Study: population based cohort study[END_REF][START_REF] Leung | Soda and cell aging: associations between sugar-sweetened beverage consumption and leukocyte telomere length in healthy adults from the National Health and Nutrition Examination Surveys[END_REF][START_REF] Navarro-Ibarra | Diet, physical activity and telomere length in adults[END_REF][START_REF] Cherkas | The association between physical activity in leisure time and leukocyte telomere length[END_REF].

IMIDS and telomere

Inflammatory bowel diseases

Inflammatory bowel diseases, mainly Crohn's disease (CD) and ulcerative colitis (UC), have emerged as a major public health concern of industrialized countries in the past years [START_REF] Peyrin-Biroulet | Modulation of sphingosine-1phosphate in inflammatory bowel disease[END_REF][START_REF] Sairenji | An Update on Inflammatory Bowel Disease[END_REF]. IBD imposes health and economic burdens on communities worldwide, and substantially reduces patients' quality of life [START_REF] Alatab | The global, regional, and national burden of inflammatory bowel disease in 195 countries and territories, 1990-2017: a systematic analysis for the Global Burden of Disease Study 2017[END_REF]. It can affect people of all ages, including children and geriatric populations, and can impact all aspects of life [START_REF] Sairenji | An Update on Inflammatory Bowel Disease[END_REF]. It is estimated that more than 3 million people in the USA and Europe have IBD [START_REF] Alatab | The global, regional, and national burden of inflammatory bowel disease in 195 countries and territories, 1990-2017: a systematic analysis for the Global Burden of Disease Study 2017[END_REF].

CD is a chronic inflammatory disease potentially affecting the entire gastrointestinal tract while UC is a chronic, recurrent inflammation localized in the colon. UC patients can be characterized as progressors when they present a dysplasia elsewhere in the colon, usually with genomic instability and mitochondrial dysfunction. The term non progressors is used for dysplasia-free patients [START_REF] Chen | Biomarkers for colitis-associated colorectal cancer[END_REF][START_REF] Lai | Pan-colonic field defects are detected by CGH in the colons of UC patients with dysplasia/cancer[END_REF][START_REF] O'sullivan | Chromosomal instability in ulcerative colitis is related to telomere shortening[END_REF].

In 2020, the study of 3 IBD families with 11 affected members over three successive generations concluded that short telomeres, measured in leukocytes, was unlikely to be involved in mechanisms of possible genetic anticipation of the disease [START_REF] Truta | Role of telomere shortening in anticipation of inflammatory bowel disease[END_REF]. Indeed, TL was not associated with earlier age at onset or severity of IBD in members of successive generations affected by the disease [START_REF] Truta | Role of telomere shortening in anticipation of inflammatory bowel disease[END_REF]. However, it was demonstrated that TL was shorter in the colonic mucosa of UC subjects compared to agematched controls [START_REF] Tahara | Telomere length in non-neoplastic colonic mucosa in ulcerative colitis (UC) and its relationship to the severe clinical phenotypes[END_REF][START_REF] Kinouchi | Telomere shortening in the colonic mucosa of patients with ulcerative colitis[END_REF] and associated with more severe clinical phenotypes of UC [START_REF] Tahara | Telomere length in non-neoplastic colonic mucosa in ulcerative colitis (UC) and its relationship to the severe clinical phenotypes[END_REF]. A study of TL in colonocytes and leukocytes from UC patients showed shorter telomeres in both cell types in UC patients than in matched controls [START_REF] Risques | Ulcerative colitis is a disease of accelerated colon aging: evidence from telomere attrition and DNA damage[END_REF]. Interestingly, the difference in TL in colonocytes was more pronounced in early-onset UC patients (aged less than 39 years) [START_REF] Risques | Ulcerative colitis is a disease of accelerated colon aging: evidence from telomere attrition and DNA damage[END_REF]. The short TL in colonocytes could explain the increased and early cancer risk in this disease. An increase in γH2AX foci, which are early cellular response to DNA double-strand breaks through rapid phosphorylation at Ser-139 of H2AX -the minor variant of histone H2A -, was also found in colonocytes and may reflect oxidative damage secondary to inflammation [START_REF] Risques | Ulcerative colitis is a disease of accelerated colon aging: evidence from telomere attrition and DNA damage[END_REF]. In a study with 14 UC patients, an increased load of ultra-short telomeres, as well as a shorter mean TL, were found associated with dysplasia in longstanding UC. Furthermore, the load of ultra-short telomeres was also increased in progressors compared to non-progressors [START_REF] Friis-Ottessen | Telomere shortening correlates to dysplasia but not to DNA aneuploidy in longstanding ulcerative colitis[END_REF]. Another study of 9 UC patients with high-grade dysplasia compared to 4 UC patients without dysplasia supports a model in which inflammation, short telomeres and senescence are the background to tumour progression in progressive UC [START_REF] Risques | Ulcerative colitisassociated colorectal cancer arises in a field of short telomeres, senescence, and inflammation[END_REF].

Senescence acts as a tumour suppressor mechanism, preventing colons from progressing beyond lowgrade dysplasia [START_REF] Risques | Ulcerative colitisassociated colorectal cancer arises in a field of short telomeres, senescence, and inflammation[END_REF]. However, it has been demonstrated that in colonic mucosa, short telomeres are correlated with chromosomal instability [START_REF] O'sullivan | Chromosomal instability in ulcerative colitis is related to telomere shortening[END_REF]. Eventually some colonocytes bypass senescence and transform, coinciding with the lengthening of telomeres through activation of telomerase and the loss of p53 tumor suppression function [START_REF] Risques | Ulcerative colitisassociated colorectal cancer arises in a field of short telomeres, senescence, and inflammation[END_REF]. This allows colonocytes with genetic damage to proliferate and progress to high-grade dysplasia and cancer [START_REF] Risques | Ulcerative colitisassociated colorectal cancer arises in a field of short telomeres, senescence, and inflammation[END_REF] . In contrast to these results, another study with 18 controls, 19 UC and 17 CD concluded that there was no difference in telomere length in peripheral blood mononuclear cells (PBMCs) between these three groups [START_REF] Getliffe | Lymphocyte telomere dynamics and telomerase activity in inflammatory bowel disease: effect of drugs and smoking[END_REF]. (Table 1; Fig. 1.B).

Another study, with 18 UC,13 CD patients and 13 controls, observed the downregulation of TRF2 and RAP1 mRNA expression in CD25+ T-lymphocytes in IBD. This could lead to the destabilisation of the T-loop structure in these cells and may contribute to the telomeric fusions and chromosomal abnormalities observed in UC [START_REF] Da-Silva | Altered mRNA expression of telomere binding proteins (TPP1, POT1, RAP1, TRF1 and TRF2) in ulcerative colitis and Crohn's disease[END_REF]. These findings may also indicate a systemic process of telomere uncapping that could represent a putative biomarker for IBD associated colon cancer risk [START_REF] Da-Silva | Altered mRNA expression of telomere binding proteins (TPP1, POT1, RAP1, TRF1 and TRF2) in ulcerative colitis and Crohn's disease[END_REF]. (Table 1; Fig. 1.B).

Overall, these studies concur on the presence of short telomeres in colon mucosa of IBD patients. Short TL and telomere dysfunction are also found in leukocytes from these patients. Short telomeres could be the result of higher telomere attrition due to chronic inflammation and higher cell turn-over or partially due to the effect of lifestyle factors such as diet and smoking [START_REF] Verde | Effects of cigarette smoking and nicotine metabolite ratio on leukocyte telomere length[END_REF][START_REF] Mirabello | The association between leukocyte telomere length and cigarette smoking, dietary and physical variables, and risk of prostate cancer[END_REF][START_REF] Navarro-Ibarra | Diet, physical activity and telomere length in adults[END_REF][START_REF] Crous-Bou | Mediterranean diet and telomere length in Nurses' Health Study: population based cohort study[END_REF] that are also involved in the aetiology of IBD [START_REF] Flynn | Inflammatory Bowel Disease Presentation and Diagnosis[END_REF]. However, shorter telomeres could precede IBD and play a role in the pathogenesis. Indeed, in a study on 33 patients with UC, 14 progressors and 19 nonprogressors, shorter telomeres were found associated with clonal expansions in nondysplastic biopsies from UC progressors with early-onset of disease (younger than 50 years of age) [START_REF] Salk | Clonal expansions and short telomeres are associated with neoplasia in early-onset, but not late-onset, ulcerative colitis[END_REF]. Short TL in leukocyte has already been associated with clonal expansion, known as clonal haematopoiesis of indeterminate potential (CHIP) [START_REF] Zink | Clonal hematopoiesis, with and without candidate driver mutations, is common in the elderly[END_REF][START_REF] Schratz | Cancer spectrum and outcomes in the Mendelian short telomere syndromes[END_REF]. Short telomeres and telomere dysfunction may also play a role in initiating inflammation. Short LTL has been recently linked to the upregulation of NLRP3 inflammasome [START_REF] Steensma | Clinical Implications of Clonal Hematopoiesis[END_REF][START_REF] Kang | Telomere Dysfunction Disturbs Macrophage Mitochondrial Metabolism and the NLRP3 Inflammasome through the PGC-1α/TNFAIP3 Axis[END_REF], a system that may contribute to IBD susceptibility [START_REF] Davis | Emerging significance of NLRs in inflammatory bowel disease[END_REF][START_REF] Villani | Common variants in the NLRP3 region contribute to Crohn's disease susceptibility[END_REF][START_REF] Zhen | NLRP3 Inflammasome and Inflammatory Bowel Disease[END_REF]. Moreover, a recent study showed that telomere dysfunction-induced activation of the ATM-YAP1-pro-IL-18 pathway in intestinal epithelium is a primary initiator and driver of colon inflammation [START_REF] Chakravarti | Telomere dysfunction activates YAP1 to drive tissue inflammation[END_REF]. (Table 1; Fig. 1.B).

Psoriasis

Psoriasis is a chronic inflammatory disease of uncertain aetiology characterised by scaly erythematous plaques that can lead to significant physical and psychological distress, affecting approximately 125 million people worldwide [START_REF] Armstrong | Pathophysiology, Clinical Presentation, and Treatment of Psoriasis: A Review[END_REF][START_REF] Caiazzo | Psoriasis, Cardiovascular Events, and Biologics: Lights and Shadows[END_REF][START_REF] Kunz | Psoriasis: Obesity and Fatty Acids[END_REF].

Wu et al demonstrated for the first time that increased telomerase activity can be detected in freshly obtained non-stimulated PBMCs from patients with atopic dermatitis (AD), indicating the lymphocytes have already been activated in vivo or that a subpopulation of 'immature' lymphocytes may be present [START_REF] Wu | Telomerase activity is spontaneously increased in lymphocytes from patients with atopic dermatitis and correlates with cellular proliferation[END_REF]. The relative reduced telomerase activity of PBMCs to multiple stimulators in patients with AD seemed to be associated with their excessive stimulation in vivo and their decreased functional capacity in vitro [START_REF] Wu | Telomerase activity is spontaneously increased in lymphocytes from patients with atopic dermatitis and correlates with cellular proliferation[END_REF]. The authors have published a second study showcasing similar results in T lymphocytes from blood of patients with AD and psoriasis: increased telomerase activity was found together with reduced TL as compared to healthy controls, also indicating an in vivo activation of T lymphocytes [START_REF] Wu | Telomerase activity is increased and telomere length shortened in T cells from blood of patients with atopic dermatitis and psoriasis[END_REF] (table 1; Fig. 1.B). A third study focusing on patients with psoriasis confirmed the higher telomerase activity in PBMCs from patients [START_REF] Liu | Telomerase activity in peripheral blood mononuclear cells of psoriatic patients correlates with disease severity[END_REF]. In addition, telomerase activity of PBMC in psoriatic patients correlated positively with disease severity [START_REF] Liu | Telomerase activity in peripheral blood mononuclear cells of psoriatic patients correlates with disease severity[END_REF].

These three studies observe short telomeres and an increase in telomerase activity in circulating cells from patients with psoriasis. Short telomeres may reflect increased TL attrition due to cell proliferation, which would support the view that the affected T cells have gone through a large number of cell divisions because of chronic stimulation in vivo [START_REF] Wu | Telomerase activity is increased and telomere length shortened in T cells from blood of patients with atopic dermatitis and psoriasis[END_REF] (Table 1; Fig. 1.B)

Spondyloarthritis

Spondyloarthritis is a group of inflammatory disorders affecting the spine (spondylitis) and joints (arthritis) including ankylosing spondylitis, axial spondyloarthritis, enteropathic spondyloarthritis or IBD-associated spondyloarthritis, peripheral spondyloarthritis, psoriatic arthritis and reactive arthritis which is a subgroup of juvenile idiopathic arthritis [201] .These rheumatic diseases have common features, which may be clinical -inflammation of the axial skeleton (sacroiliac joint and spine) or possibly of the peripheral skeleton -and genetic -association with the HLA-B27 gene [START_REF] Garg | The concept of spondyloarthritis: where are we now?[END_REF][START_REF] Fiorelli | A New Modified Evans Blue Dye Test as Screening Test for Aspiration in Tracheostomized Patients[END_REF][START_REF] Watad | The Early Phases of Ankylosing Spondylitis: Emerging Insights From Clinical and Basic Science[END_REF].

Ankylosing spondylitis, the most common spondyloarthritis, is a chronic inflammatory disease of the axial spine that can manifest with various clinical signs and symptoms [START_REF] Wenker | Ankylosing Spondylitis[END_REF]. Chronic back pain and progressive spinal stiffness are the most common features of the disease [START_REF] Wenker | Ankylosing Spondylitis[END_REF]. Involvement of the spine and sacroiliac joints, peripheral joints, digits, entheses are characteristic of the disease [START_REF] Wenker | Ankylosing Spondylitis[END_REF]. Impaired spinal mobility, postural abnormalities, buttock pain, hip pain, peripheral arthritis, enthesitis, and dactylitis are all associated with ankylosing spondylitis [START_REF] Wenker | Ankylosing Spondylitis[END_REF]. This chronic inflammatory rheumatic disease has an estimated prevalence per 10,000 to 23.8 in Europe, 16.7 in Asia, 31.9 in North America, 10.2 in Latin America and 7.4 in Africa [START_REF] Macfarlane | Relationship between diet and ankylosing spondylitis: A systematic review[END_REF].

In 2010, Tamayo et al. observed in a cross-sectional study that patients with several rheumatic disorders -notably rheumatoid arthritis (n=86) which will be outlined in the following paragraph, psoriatic arthritis (n=56) and ankylosing spondylitis (n=59) -showed longer telomeres in PBMCs when compared with 130 controls [START_REF] Tamayo | Differing patterns of peripheral blood leukocyte telomere length in rheumatologic diseases[END_REF]. Four years later, the same team continued its investigations on spondyloarthritis and reported that the presence of chronic inflammatory components in psoriatic arthritis could be associated with a higher telomere size in peripheral blood leukocytes (PBL), unlike in cutaneous psoriasis [START_REF] Tamayo | Individual telomere length decay in patients with spondyloarthritis[END_REF]. According to the authors, the rate of telomere loss in PBL was higher in psoriatic arthritis patients (n=42) than in ankylosing spondylitis patients (n=44), revealing a difference in telomere physiology from PBL between both spondylarthritis. [START_REF] Tamayo | Individual telomere length decay in patients with spondyloarthritis[END_REF]. However, reported TL attrition was extremely high in comparison to what could be expected in adults [START_REF] Benetos | Telomere length tracking in children and their parents: implications for adult onset diseases[END_REF] and these results should thus be considered with caution.

Regarding axial spondylarthritis (aSpA) -a group that includes ankylosing spondylitis (radiographic axial spondylarthritis) [START_REF] Watad | The Early Phases of Ankylosing Spondylitis: Emerging Insights From Clinical and Basic Science[END_REF][START_REF] Sieper | Axial spondyloarthritis[END_REF] -shorter telomeres were found in CD4+ and CD8+ T cell subsets in young patients (under 35 years), as well as impaired telomerase in aSpA patients with rheumatoid arthritis [START_REF] Fessler | Premature senescence of T-cell subsets in axial spondyloarthritis[END_REF] (Table 1; Fig. 1.B).

Rheumatoid arthritis

Rheumatoid arthritis is a systemic inflammatory condition that primarily affects the synovial membrane of affected joints [START_REF] Sparks | Rheumatoid Arthritis[END_REF]. Extra-articular manifestations are common and may involve any organ system. Rheumatoid arthritis (RA) affects approximately 1% of the adult population and is associated with chronic pain, disability and increased mortality [START_REF] Kuek | Immune-mediated inflammatory diseases (IMIDs) and biologic therapy: a medical revolution[END_REF].

Telomere length has been studied in the context of RA and first results were contradictory, some studies finding shorter TL in leukocytes from patients than in those from healthy controls [START_REF] Steer | Reduced telomere length in rheumatoid arthritis is independent of disease activity and duration[END_REF][START_REF] Koetz | T cell homeostasis in patients with rheumatoid arthritis[END_REF] and other finding rather longer TL in patients [START_REF] Tamayo | Differing patterns of peripheral blood leukocyte telomere length in rheumatologic diseases[END_REF]. Recently, two meta-analyses confirmed the presence of short TL in patients suffering from RA [START_REF] Lee | Association between shortened telomere length and rheumatoid arthritis : A meta-analysis[END_REF][START_REF] Zeng | Association of telomere length with risk of rheumatoid arthritis: a meta-analysis and Mendelian randomization[END_REF]. Formerly, this was suspected to be a consequence of chronic inflammatory activity on TL attrition. However, a Mendelian randomization analysis found that genetically predicted longer TL was associated with a reduced risk of RA [START_REF] Zeng | Association of telomere length with risk of rheumatoid arthritis: a meta-analysis and Mendelian randomization[END_REF] excluding reverse causality. This is in concordance with the finding that TL in RA patients do not correlate with disease duration as it should if the disease was driving the association [START_REF] Steer | Reduced telomere length in rheumatoid arthritis is independent of disease activity and duration[END_REF]. Interestingly, RA patients present short TL in hematopoietic progenitor cells (HPC) [START_REF] Colmegna | Defective proliferative capacity and accelerated telomeric loss of hematopoietic progenitor cells in rheumatoid arthritis[END_REF]. Short telomere-related defective HPC proliferative function may be a potential pathogenic factor in RA.

Telomerase expression and activity have also been observed in RA and are deregulated [START_REF] Fujii | Telomerase insufficiency in rheumatoid arthritis[END_REF][START_REF] Yudoh | Different mechanisms of synovial hyperplasia in rheumatoid arthritis and pigmented villonodular synovitis: the role of telomerase activity in synovial proliferation[END_REF] (Table 1; Fig. 1.B).

Uveitis

Uveitis is a term used to describe inflammatory processes of the portion of the eye known as the uvea, which is composed of the iris, ciliary body, and the choroid. Symptoms and consequences can range from pain and conjunctival injection to complete vision loss [START_REF] Wildner | Resolution of uveitis[END_REF]. Uveitis occurs with an incidence of approximately 20 individuals per 100,000 per year, resulting in overall population-based prevalence estimates ranging from approximately 40 to 400 individuals per 100,000 [START_REF] Cunningham | Uveitis: a global view[END_REF].

One study involving 91 Birdshot Uveitis patients and 150 unrelated healthy controls showed longer telomeres compared to healthy controls which implies sophisticated telomere biology in chronic inflammation [START_REF] Vazirpanah | Aberrant leukocyte telomere length in Birdshot Uveitis[END_REF]. (table 1; Fig. 1.B). This study alone does not allow to conclude on the impact of telomeres in uveitis.

As it is the case in most NCDs, telomere dynamics is unquestionably involved in IMIDs whether it be through the deleterious lifestyle leading to their onset, through increased telomere attrition in response high cellular turnover due to chronic inflammation or through a determinant role in the disease onset and progression. Mechanistics in play remain to be elucidated, as for pathologies sharing common inflammatory pathways [START_REF] Fitzgerald | Switching and Discontinuation Patterns Among Patients Stable on Originator Infliximab Who Switched to an Infliximab Biosimilar or Remained on Originator Infliximab[END_REF], contradictory phenomena are observed: short telomeres and increased telomerase activity in IBD, psoriasis and RA, and potentially longer telomeres in spondyloarthritis and uveitis that must be further investigated.

Perspectives

Unlike studies focused on telomere dynamics and other NCDs, those focused on IMIDs tend to gather relatively narrow populations with great difficulty to find healthy controls. This is partly due to the nature of the biological material required for comparison which is difficult to obtain in healthy subjects and questions the statistical power of the majority of results. In addition, most of these studies used a telomere length measurement methodology based on qPCR that is not the most suitable method for such narrow populations [START_REF] Aviv | Impartial comparative analysis of measurement of leukocyte telomere length/DNA content by Southern blots and qPCR[END_REF][START_REF] Nettle | Consequences of measurement error in qPCR telomere data: A simulation study[END_REF].

Many studies support the hypothesis that the rate of telomere attrition in adulthood can be substantially affected by different exposures to environmental factors and / or diseases. However, the majority of these studies report a cross-sectional association, without being able to exclude potential confounders, which does not necessarily prove a causal association between exposures and subsequent telomere attrition [START_REF] Bateson | Why are there associations between telomere length and behaviour?[END_REF][START_REF] Bateson | Controlling for baseline telomere length biases estimates of the rate of telomere attrition[END_REF]. This causal association could be established in longitudinal studies, where so for the moment, the results differ from cross-sectional studies. Furthermore, the discrepancies in sizes and characteristics of study populations (gender, age, racial / ethnic background), as well as the different measurements (blood, saliva, …) and analysis methods (qPCR, Q-FISH, statistical adjustments…) of TL may partly contribute to the inconsistency of the results. This also applies to the recurrent conflation of telomere length and telomere shortening in the literature [START_REF] Bateson | Controlling for baseline telomere length biases estimates of the rate of telomere attrition[END_REF][START_REF] Cawthon | Telomere measurement by quantitative PCR[END_REF][START_REF] Montpetit | Telomere length: a review of methods for measurement[END_REF][START_REF] Aubert | Telomere length measurement-caveats and a critical assessment of the available technologies and tools[END_REF].

Drawing conclusions about telomere shortening without substantial prospective data is challenging and must be further supported with appropriate methodologies. Table 1 illustrates this gap between proper methodologies and adequate conclusions as cross-sectional studies often lead authors to a conclusion on impaired attrition (highlighted in red in table 1).

Furthermore, telomere length measured only during adulthood provides merely partial information about telomere dynamics. Repeated measurements covering the entire lifespan of individuals, considering additionally genetic factors and early childhood exposures could provide better insight on adulthood telomere dynamics even though such longitudinal data would be extremely difficult to gather [START_REF] Müezzinler | Smoking habits and leukocyte telomere length dynamics among older adults: Results from the ESTHER cohort[END_REF].

A better understanding of suitable telomeres analyses, resulting in a better understanding of telomeres dynamics, may allow their therapeutic use [START_REF] Fleisig | Telomerase as a clinical target: current strategies and potential applications[END_REF]. Anti-aging or regenerative applications require telomeres up-regulation, which is often associated with telomere attrition [START_REF] Martínez | Telomere-driven diseases and telomere-targeting therapies[END_REF]. In contrast, anti-cancer applications require suppression of various genes integral to telomere maintenance such as telomerase, telomerase RNA components and the shelterin complex, thereby counteracting the immortality process of cancer cells [START_REF] Jafri | Roles of telomeres and telomerase in cancer, and advances in telomerase-targeted therapies[END_REF][START_REF] Cacchione | Emerging roles of telomeric chromatin alterations in cancer[END_REF][START_REF] Mergny | Are telomeres and telomerase still relevant targets in oncology?[END_REF][START_REF] Viswanath | Non-invasive assessment of telomere maintenance mechanisms in brain tumors[END_REF][START_REF] Ivancich | Treating Cancer by Targeting Telomeres and Telomerase[END_REF].

Several questions remain unanswered: is the telomere length at birth highly predictive of IMIDs onset? Why is telomere attrition, which seems to be a common trait in IMIDs, efficiently compensated by telomerase activation in some of these disorders while insufficient in others? And in the same way, what mechanism makes it possible to observe a difference between patients with the same pathology? Of course, the specificity of tissues impacted is to consider, but is that the only difference? Can telomere modulation represent a new therapeutic approach in IMIDs? 
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Captions figure. Telomeres are composed of hundreds or thousands of repeated DNA sequences of TTAGGG in one strand and CCCTAA in the other. The shelterin complex consist of six proteins (TRF1, TRF2, RAP1, POT1, TPP1 and TTIN2) and provides protection of the telomere end, facilitates telomeric DNA replication and recruitment of telomerase to the telomere. The telomerase complex consists of the enzyme telomerase-transcriptase (TERT), the RNA component (TERC) and the protein complex dyskerin (dyskerin, NOP10, NHP2 and GAR1). This complex allows telomere elongation via TERT by adding TTAGGG repeats and has extratelomeric functions. The presence of chronic inflammatory component in rheumatologic diseases could be associated to higher telomere size in PBL, unlike in healthy controls. 

>>>>

The presence of chronic inflammatory component in PsA could be associated to a higher telomere size in PBL, unlike in cutaneous Ps. The rate of telomere loss in PBL is higher in PsA patients than in AS patients, revealing a difference in telomere physiology from PBL between both spondyloarthritis. The qPCR methodology is sensitive enough to evidence a significant telomere length shortening in specific subjects in a few years, so it could be useful for follow-up in patients. BU is accompanied by significantly longer LTL.