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Abstract Frailty is considered a clinical marker of
functional ageing. Telomere length (TL) has been pro-
posed as a biomarker of biological age but its role in
human ageing is controversial. The main aim of the
study was to evaluate the longitudinal association of
TL with incident frailty and mortality in two cohorts of
Spanish community–dwelling older adults. TL was de-
termined at baseline in blood samples from older adults
included in Toledo Study for Healthy Aging and
ENRICA cohorts while frailty was determined by frailty
phenotype (FP) at baseline and at follow-up (3.5 years).
Deaths occurring during follow-up were also recorded.
Associations of TL with frailty and mortality were
analysed by logistic regression with progressive

adjustment. Data were separately analysed in the two
cohorts and in all subjects by performing a meta-analy-
sis. TL was not different between frail and non-frail
subjects. Longer telomeres were not associated with
lower risk of prevalent frailty. Similarly, TL at baseline
failed to predict incident frailty (OR: 1.04 [0.88–1.23])
or even the development of a new FP criterion (OR: 0.97
[0.90–1.05]) at follow-up. Lack of association was also
observed when analysing the development of specific
FP criteria. Finally, while frailty at baseline was signif-
icantly associated with higher risk of death at follow-up
(OR: 4.08 [1.97–8.43], p < 0.001), TL did not signifi-
cantly change the mortality risk (OR: 1.05 [0.94–1.16]).
Results show that TL does not predict incident frailty or
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mortality in older adults. This suggests that TL is not a
reliable biomarker of functional age.

Keywords Ageing . Telomere . Functional decline .

Frailty . Mortality . Biomarker

Introduction

Life expectancy has nearly doubled during the past
century. As a result, population ageing is rapidly in-
creasing worldwide: there were 703 million people aged
65 or over in 2019. The United Nations’ report estimates
that the global number of older persons will reach over
1.5 billion by 2050. These demographic changes are
more marked in Europe, where older persons will con-
stitute more than one-third of the population at that time
[1]. Recognizing that this phenomenon represents a
major issue for the twenty-first century, one of the major
challenges launched by the National Academy of Med-
icine of United States is directed at improving the health,
the productivity and quality of life of older persons [2].
In this sense, disability and its preceding condition,
frailty, are key determinants of healthy ageing.

One of the expressions of population ageing is the
increase in the prevalence of frailty [3]. Frailty is a
multi-systemic syndrome that reflects a state of de-
creased functional reserve and increased vulnerability
to even minor external stressors, and is associated with
increased risk of adverse health outcomes including
hospitalization, morbidity, disability and death [4].
Frailty results from the interaction between the ageing
process and some chronic diseases and conditions that
are prevalent in older adults [5]. In fact, frailty has been
suggested as a marker of biological ageing at clinical
level [6].

Another widely used biomarker of biological age is
telomere length (TL), although its role in human ageing
is controversial [7]. Telomeres are involved in DNA
replication and cellular ageing. Indeed, telomere attri-
tion has been associated with increased risk of several
age-related diseases [8] and death [9]. Telomeres are
nucleoprotein structures found at the ends of eukaryotic
chromosomes, and play a role in maintaining chromo-
somal integrity. They shorten during every cell division
but, in addition to replication, other endogenous factors
could result in telomere shortening including oxidative
stress and inflammation, which are two underlying

mechanisms of the ageing process and several age-
related diseases [6, 10].

However, because of the existence of conflicting
results to date, there is no clear evidence of the relation-
ship between TL and frailty. Some cross-sectional stud-
ies found that, in Caucasian older persons and in Asian
older persons, TL was not associated with frailty
assessed with the Fried criteria or the Frailty Index
[11, 12]. In contrast, other authors reported an inverse
association between TL and frailty in older adults [13].
It should be noted that studies evaluating the association
between basal TL and incident frailty are very scarce. In
fact, only one population-based study reported the ab-
sence of association between TL and incident frailty
after 4 years of follow-up in community-dwelling older
Chinese individuals [11]. In fact, the need for longitudi-
nal studies to elucidate the relationship between TL and
frailty has been recently claimed [14].

Accordingly, in addition to evaluate the cross-
sectional relationship between TL and frailty, the main
aim of this work was to ascertain if TL was longitudi-
nally associated with incident frailty and with the risk of
death in two cohorts of older community-dwelling indi-
viduals in Spain.

Methods

Study design and participants

Participants in this study included men and women aged
≥ 65 years from two Spanish cohorts, namely, the Tole-
do Study of Healthy Aging (TSHA) [15, 16], and the
Seniors-ENRICA cohort [17, 18]. TSHA is a prospec-
tive cohort study initiated in 2006 with the aim of
studying determinants and consequences of frailty in
older adults residing in Toledo, Spain [15]. The
ENRICA cohort was established in 2008–2010 with
individuals selected through stratified random sampling
of the population aged ≥ 60 years in Spain [17].

Baseline information on socio-demographic data,
health status, lifestyle, social support and morbidity
was collected through face-to-face (TSHA) or phone
(ENRICA) interviews. Also fasting blood samples were
drawn and a physical examination, including physical
and cognitive functioning, was performed at the partic-
ipant’s homes.

The TSHA study protocol was approved by the Clin-
ical Research Ethics Committee of the Complejo
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Hospitalario de Toledo, and the ENRICA study by
Clinical Research Ethics Committee of the ‘La Paz’
University Hospital in Madrid. All participants gave
written informed consent.

Baseline data and blood samples for TL determina-
tion were collected in 2014–2015, and the follow-up
expanded until the end of 2017 in both cohorts. For the
present study, a nested case-control selection from both
cohorts was performed at baseline. Cases were formed
by all frail subjects in these cohorts, identified using the
frailty phenotype (FP) (19), as described below. The
controls were non-frail subjects randomly selected in a
proportion of 4 non-frail to 1 frail. This resulted in a total
of 439 individuals from the TSHA cohort of whom 84
(19.13%) were frail and 355 non-frail. A total of 430
participants from the ENRICA cohort were included in
this study, of whom 75 (17.44%) were frail and 355
non-frail. TL was assessed in both cases and controls
using the same techniques in the samples obtained at the
time of the baseline examination of participants.

Frailty

Frailty was assessed in TSHA and ENRICA co-
horts according to a slight modification of the
definition of frailty phenotype proposed in the Car-
diovascular Health Study (CHS) [19]. Frailty was
defined as having at least three among the follow-
ing five criteria: (a) unintentional weight loss of ≥
4.5 kg in the preceding year; (b) exhaustion, based
on a positive response to any of the following
questions from the Centre for Epidemiologic Stud-
ies Depression Scale: ‘I felt that anything I did was
a big effort’ or ‘I felt that I could not keep on
doing things’ ‘at least 3–4 days a week’; (c) weak-
ness, defined as the cohort-specific lowest quintile
of grip strength measured with a Jamar dynamom-
eter in the dominant arm, and adjusted for sex and
body mass index (kg/m2) [20] with the highest
value in two consecutive measures selected for
the analyses; (d) slow walking speed, defined as
the cohort-specific lowest quintile in the 3-m walk-
ing speed test adjusted for sex and height [21]; and
(e) low physical activity, defined as the lowest
quintile in the Physical Activity Scale for the El-
derly (PASE), adjusted for sex, in TSHA [22] and
as walking ≤ 2.5 h/week in men and ≤ 2 h/week in
women in ENRICA.

Disability

In both cohorts, limitations in basic activities of daily
living (BADL) were assessed with the Katz Index [23].
The participants were considered disabled when they
were dependent for at least one activity.

Follow-up period for incident frailty detection
and for mortality identification

The mean follow-up time of participants of this study
was 3.5 years. During this period, dates of death were
obtained from the Spanish National Death Index
(Ministry of Health and Social Service) for both
TSHA and ENRICA participants. When necessary,
deaths were confirmed by follow-up telephone inter-
views with relatives of the deceased. For assessment
of incident frailty, data were available for 291 non-
frail subjects from TSHA cohort and 216 from
ENRICA cohort.

DNA extraction

Genomic DNA was isolated from frozen blood samples
as reported elsewhere [24] following a salting out pro-
cedure. Briefly, 500 μl of blood were mixed with a
hypotonic solution, washed twice with a detergent solu-
tion and finally precipitated in Ethanol 70% v/v. Sam-
ples were resuspended in Tris-EDTA buffer and kept at
4 °C until use. Sample absorbance at 260 nm was
measured and concentration was calculated. Samples
with more than 5 ng/μl and absorbance ratio 260/280
between 1.6 and 2.2 were considered optimal for TL
calculation by qPCR.

Assessment of telomere length by real-time quantitative
PCR method

TL was measured in DNA samples following an
improved method based in that described by
Cawthon [25] and O’Callaghan and Fenech [26].
By this method, telomere length is calculated as a
ratio between telomere repeat copy number (T) and a
single-copy reference gene (36B4) (S). Then, we
used cell lines with known telomere length to build
a standard curve in which we can interpolate the
results of our samples to obtain an absolute measure
of the telomere length. TL of those cells were calcu-
lated by qPCR. The primer sequences (written 5´ to
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3´) were as follows: telomere repeat—(TTAGGG)14;
and 36B4—CAGCAAGTGGGAAGGTGTAA
TCCGTCTCCACAGACAAGGCCAGGACTCGT
TTGTACCCGTTGATGATAGAATGGG. Cycling
conditions (for both telomere (T) and 36B4 (S)
amplicons) were 10 min at 95 °C, followed by 40
cycles of 95 °C for 15 s, 60 °C for 1 min. qPCR
analysis was performed using the QuantStudio™ 5
PCR System to estimate the Ct (threshold cycle),
defined as the intersection between an amplification
curve and a threshold line.

Cell lines

To perform the standard curve, lymphocyte cell lines,
commercially available, were used: IM9 (ATCC-CCL-
159; batch number 59102678), CEM (ATCC-CCL-119;
batch number 59102678) and REH (ATCC-CRL-8286;
batch number 59429141) cell lines were purchased from
American Type Culture Collection (ATCC; Manassas,
VA, USA). C0106 (ECACC-91071212; batch number
HB1489) cell line was obtained from ECACC. COJ cell
line was established from a healthy donor. Cell lines
were grown following manufacturer’s conditions
(RPMI 1640 growth media) supplemented with 10%
(v/v) foetal bovine serum (FBS), 2 mM glutamine, and
penicillin/streptomycin 0.1 mg/ml and 1 mM sodium
pyruvate and 10 mM HEPES for the REH cell line.
Grown cultures were frozen in 90% FBS supplemented
with 10% (v/v) DMSO and stored in liquid nitrogen
until use.

Statistical analysis

Results for continuous variables are expressed as mean
± SDs, and for dichotomous or categorical variables as
percentages. Differences between groups were evaluat-
ed usingMann-WhitneyU test and Pearson’s chi-square
test, for continuous and categorical values, respectively.
The association between TL and frailty or mortality was
estimated by odds ratios (ORs) and their 95% confi-
dence intervals (CIs), obtained from logistic regression
and the results were meta-analysed using a random
effects method [27]. Variation/increase in 1 kb was used
for OR calculations. We built five logistic models. The
first one (M1) without any adjustment. The second
model (M2) adjusted for age (years) and sex. The third
model (M3) additionally adjusted for diabetes mellitus
(DM) , ca rd iovascu l a r d i s ea se (CVD) and

cerebrovascular disease (CeVD). A fourth model (M4)
further adjusted for education level (more than primary
school), and, finally, the fifth model (M5) further ad-
justed for disability. p values < 0.05 were considered
statistically significant. Analyses were performed with
the Statistical Packages Matrix and Metafor (version
2.0–0) in R for Windows version 2.15.2 [27].

Results

Characteristics of the TSHA study participants

The baseline characteristics of the TSHA participants
are presented in Table 1. Frail subjects were older, had
lower education and more often suffered from CVD
than non-frail individuals. As expected, frail subjects
showed higher dependency for BADL than non-frail
subjects (Table 1). The mean TL was 10.24 ± 2.92 kb
among TSHA older subjects included in the study. No
significant differences were detected in TL between frail
(10.16 ± 3.02 kb) and non-frail subjects (10.26 ±
2.89 kb) (Table 1).

Characteristics of the ENRICA study participants

Frail subjects were older, more often female, and with
more frequent hypertension and diabetes than the non-
frail group. Like for the TSHA participants, in the
ENRICA cohort, the dependency for BADL was higher
within the frail group. The mean TL was 10.02 ±
2.91 kb. No significant differences in TL were observed
between frail and non-frail participants (10.40 ± 2.88 kb
vs 9.93 ± 2.92 kb) (Table 2).

Telomere length is not associated with prevalent frailty
in older subjects

In older subjects participating in TSHA, no associ-
ation between TL and prevalent frailty was observed
in the non-adjusted model (M1; OR: 0.99 [0.91–
1.07], p = 0.78). This lack of association was main-
tained after adjustment for age and sex (M2; OR:
1.05 [0.95–1.16], p = 0.34). Similar results were ob-
tained after further adjustment for DM, cardio- and
cerebrovascular disease (M3; OR: 1.06 [0.96–1.18],
p = 0.23), and by education level (M4; OR: 1.06
[0.96–1.18], p = 0.23). The same trend of this
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association was maintained after additional adjust-
ment for disability (M5; OR: 1.10 [0.97–1.23], p =
0.13).

When we evaluated the association between TL and
frailty in the ENRICA participants, similar results were
obtained. In this sense, TL was not associated with

Table 1 Baseline characteristics of subjects in the Toledo Study for Healthy Aging (TSHA) cohort

All Non-frail Frail p value

N 439 355 84

Age 75.9 ± 6.6 74.3 ± 5.7 82.7 ± 5.4 < 0.001

Male gender 189 (43.05) 159 (44.79) 30 (35.71) 0.165

Hypertension 282 (64.53) 222 (62.54) 60 (73.17) 0.091

Diabetes 102 (23.23) 78 (21.97) 24 (28.57) 0.252

CVD 51(11.62) 34 (9.58) 17 (20.24) 0.011

CeVD 20 (4.57) 15 (4.24) 5 (5.95) 0.699

Education level higher than basic school 64 (14.58) 58 (16.34) 6 (7.14) 0.047

Frailty criteria (FP)

Low physical activity 112 (25.51) 33 (9.30) 79 (94.05) < 0.001

Weakness 90 (20.50) 30 (8.45) 60 (71.43) < 0.001

Weight loss 41 (9.47) 25 (7.08) 16 (20.00) < 0.001

Slowness 59 (15.13) 22 (6.41) 37 (78.72) < 0.001

Exhaustion 113 (25.80) 41 (11.55) 72 (86.75) < 0.001

Disability 64 (14.65) 11 (3.12) 53 (63.10) < 0.001

Telomere length (kb) 10.24 ± 2.92 10.26 ± 2.89 10.16 ± 3.02 0.813

Data are expressed as mean ± SD or as number (%).CeVD, cerebrovascular disease;CVD, cardiovascular disease; FP, frailty phenotype; kb,
kilobases

Table 2 Baseline characteristics of subjects in the ENRICA cohort

All Non-frail Frail p value

N 430 355 75

Age 74.4 ± 5.9 73.8 ± 5.6 77.6 ± 6.2 < 0.001

Male gender 178 (41.40) 156 (43.94) 22 (29.33) 0.027

Hypertension 318 (75.18) 253 (72.49) 65 (87.84) 0.009

Diabetes 108 (25.23) 76 (21.53) 32 (42.67) < 0.001

CVD 54 (12.56) 41 (11.55) 13 (17.33) 0.237

CeVD 12 (2.80) 7 (1.98) 5 (6.67) 0.064

Education level higher than basic school 195 (45.35) 173 (48.73) 22 (29.33) 0.003

Frailty criteria (FP)

Low physical activity 90 (21.03) 44 (12.46) 46 (61.33) < 0.001

Weakness 160 (37.38) 96 (27.20) 64 (85.33) < 0.001

Weight loss 64 (14.99) 26 (7.37) 38 (51.35) < 0.001

Slowness 66 (15.46) 27 (6.41) 39 (52.70) < 0.001

Exhaustion 79 (18.37) 23 (6.48) 56 (74.67) < 0.001

Disability 13 (3.04) 5 (1.42) 8 (10.67) < 0.001

Telomere length (kb) 10.02 ± 2.91 9.93 ± 2.92 10.40 ± 2.88 0.218

Data are expressed as mean ± SD or as number (%).CeVD, cerebrovascular disease;CVD, cardiovascular disease; FP, frailty phenotype; kb,
kilobases
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prevalent frailty independently of the degree of adjust-
ment: [(M1; OR: 1.06 [0.97–1.15], p = 0.21); (M2; OR:
1.06 [0.97–1.16], p = 0.19); (M3; OR: 1.06 [0.96–1.16],
p = 0.25); (M4; OR: 1.06 [0.96–1.16], p = 0.24); (M5,
OR: 1.07 [0.98–1.18], p = 0.15)].

Meta-analysis of the results obtained from the two
Spanish cohorts revealed that TL was not significantly
associated with prevalent frailty (M1; OR: 1.02 [0.96–
1.09], p = 0.54). After adjustment for age and gender,
the trend of the association was maintained (M2; OR:
1.06 [0.99–1.13], p = 0.11). Same results were obtained
after additional adjustments for diabetes, cardiovascular
disease and cerebrovascular disease (M3; OR: 1.06
[0.99–1.13], p = 0.097) and by education level (M4;
OR: 1.06 [0.99–1.14], p = 0.093). Further adjustment
for disability (M5) did not materially change the results
(OR: 1.08 [1.00–1.17], p = 0.04).

Telomere length does not predict frailty

Among non-frailty participants at baseline, 10 (3.44%)
became frail at follow-up in the TSHA and 11 (5.09%)
in the ENRICA cohort. No association between TL and
incident frailty risk was observed in either cohort in
model M1 (Table 3). Results were not materially
changed after further adjustment (Table 3). According-
ly, these null results also held after meta-analyses of data
from both cohorts (Fig. 1a).

In addition, 46 out of 303 individuals in the
TSHA cohort and 102 out of 256 in ENRICA study
developed at least one new criterion of FP during
follow-up. Again, TL did not show any association,
either in any of the two cohorts or in the meta-
analysis (Table 4, Fig. 1b). In the same regard, when
we analysed the longitudinal relationship between

Table 3 Association between telomere length and the risk of
frailty in TSHA and ENRICA participants

TSHA cohort ENRICA cohort

OR [95% CI] p value OR [95% CI] p value

Model 1 0.88 [0.71–1.10] 0.27 1.07 [0.88–1.31] 0.49

Model 2 0.96 [0.75–1.23] 0.75 1.07 [0.88–1.31] 0.49

Model 3 0.97 [0.75–1.27] 0.84 1.08 [0.88–1.31] 0.45

Model 4 0.96 [0.74–1.25] 0.78 1.09 [0.89–1.34] 0.42

Model 5 0.96 [0.73–1.24] 0.74 1.09 [0.89–1.34] 0.42

The association between telomere length and the risk for incident
frailty was estimated by odds ratios (OR) and their 95% confi-
dence intervals (CI, in brackets). Increase in TL by 1 kilobase was
used for calculating OR. Model 1: non-adjusted model. Model 2:
adjusted by age (years) and sex. Model 3: additionally adjusted by
diabetes mellitus, cardiovascular disease, and cerebrovascular dis-
ease. Model 4: further adjusted by education level (higher than
primary school). Model 5: further adjusted by disability in basic
activities of daily living

Fig. 1 Telomere length does not predict incident frailty and is not
associated with the incidence of new frailty phenotype criteria in
older subjects. Logistic regression of telomere length at baseline as
independent variable and incident frailty defined by frailty pheno-
type along 3.5 years follow-up in subjects not frail at baseline (a)
and logistic regression of telomere length at baseline as indepen-
dent variable and incidence of acquisition of a new criterion of
frailty phenotype along 3.5 years follow-up (b). Results from
TSHA and ENRICA cohorts in separate and from the meta-
analysis after fully adjustment model application (M5) are shown.
Data are expressed as odds ratios (ORs) and 95% confidence
intervals (CIs). For panel a, n was 291 (10 positive events) for
TSHA and 216 (11 positive events) for ENRICA cohorts. p > 0.05
for all associations. For panel b, nwas 303 (77 positive events) for
TSHA and 256 (102 positive events) for ENRICA cohorts.
p > 0.05 for all associations
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TL and each one of the FP criteria, no significant
associations were detected (Fig. 2).

Telomere length does not predict mortality

During the same 3.5 years follow-up period, 46 out of 439
participants (10.48%) from the TSHA cohort and 14 out
of 430 (4.13%) from the ENRICA cohort died, respec-
tively. A higher death risk was observed within the frail
group when compared to non-frail group: 30.95% vs.
5.63%, p < 0.001 for TSHA, and 9.43% vs. 3.15%, p =
0.08 for ENRICA. Moreover, the results of the meta-
analysis showed a positive association between frailty
status and the risk of death (OR: 5.59 [2.52–12.41],
p < 0.001), which was maintained after further adjustment
for age and sex (OR: 4.08 [1.97–8.43], p < 0.001).

By contrast, TL was not associated with mortality at
3.5 years follow-up in any of the cohorts in any of the
analytical models (Table 5). When the results were
meta-analysed, similar observations were obtained re-
lated to the lack of association between TL andmortality
risk in older Spanish participants in this study. This was
the case for the non-adjusted model (M1: OR: 0.97
[0.89–1.07], p = 0.59). Furthermore, there was no sig-
nificant effect when adjusted by age and sex (M2: OR:
1.01 [0.90–1.14], p = 0.84). This lack of association was
also observed after several adjustments, including the
fully adjustment model (M5) as it is shown in Fig. 3.

Discussion

Results from this study show that TL at baseline does
not predict incident frailty nor mortality among
community-dwelling older adults aged 65 years and
older after a mean follow-up time of 3.5 years. This lack
of association was observed regardless of the degree of
adjustment for potential confounders, including age,
sex, age-related diseases, education level or disability.

TL is widely accepted as a biomarker of ageing [8].
Although telomere shortening rate has been associated
with reduced longevity and with increased incidence of
age-related diseases in humans [28, 29], the relationship
between telomere length and mortality is controversial,
depending upon factors like ethnicity, gender and type of
diseases [9, 30, 31]. On the other hand, frailty is a multi-
dimensional and multifactorial syndrome associated with
decreased functional capacity and increased vulnerability
to minor external stressors and with increased risk of
adverse outcomes [5]. It has been proposed that frailty is
a biomarker of biological ageing [8], which leads us to
expect a possible link between frailty status and TL. In fact,
shorter TL was associated with decreased grip strength,
one of the components of frailty syndrome in Chinese
older persons [32]. In addition, although previous studies
observed an association between TL and functional dis-
ability [33] and with one of the substrates of frailty,
sarcopenia [34], conflicting results on the association be-
tween TL and frailty have been reported [6].

In this sense, the findings of the cross-sectional analysis
carried out in TSHA and in ENRICA cohorts in addition to
the results of the meta-analysis revealed no relation be-
tween TL and prevalent frailty in older population. In fact,
no significant association was observed between TL and
frailty assessed at baseline by Fried’s criteria in non-
adjusted model, corroborating the findings of other authors
[11, 12, 14, 35, 36]. Although one study has found a cross-
sectional association between TL and frailty, this study
shows strong differences with ours in terms of ethnicity,
higher proportion of female subjects (65.6%), the inclusion
of younger subjects (more than 50% are 60–69 years old)
or the higher prevalence of frailty (25%) [13].

After a final adjustment for disability, a marginal
association between TL and frailty was observed in the
meta-analysis, showing a higher risk for frailty when TL
increased. This unexpected marginal positive associa-
tion could be related to the existence of a survival bias
when studying older subjects, as it has been reported in a
recent meta-analysis [37].

Table 4 Association between telomere length and the risk for
incidence of at least one new frailty phenotype criterion in TSHA
and ENRICA participants

TSHA cohort ENRICA cohort

OR [95% CI] p value OR [95% CI] p value

Model 1 0.99 [0.90–1.08] 0.76 0.96 [0.88–1.04] 0.29

Model 2 1.01 [0.92–1.11] 0.89 0.95 [0.87–1.04] 0.25

Model 3 1.01 [0.92–1.12] 0.76 0.94 [0.86–1.03] 0.16

Model 4 1.02 [0.92–1.12] 0.75 0.94 [0.86–1.03] 0.16

Model 5 1.02 [0.92–1.12] 0.75 0.93 [0.85–1.02] 0.14

The association between telomere length and the risk for incidence
of a new frailty phenotype criterion was estimated by odds ratios
(OR) and their 95% confidence intervals (CI, in brackets). Increase
in TL by 1 kilobase was used for calculating OR. Model 1: non-
adjusted model. Model 2: adjusted by age (years) and sex. Model
3: additionally adjusted by diabetes mellitus, cardiovascular dis-
ease and cerebrovascular disease. Model 4: further adjusted by
education level (higher than primary school). Model 5: further
adjusted by disability in basic activities of daily living
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The assumption of the lack of association between
TL and frailty raising from cross-sectional analysis is
reinforced by the absence of relationships between
physical performance and TL shortening, by measuring
TL in two time points. Telomere shortening has not
shown to be cross-sectionally associated with frailty or
other physical performance determinations [38, 39].

Despite the fact that cross-sectional studies analysing
the relationship between TL and frailty prevalence are
relatively abundant, longitudinal analysis of the influ-
ence of TL on incident frailty are scarce. Our longitudi-
nal data suggest that TL at baseline does not influence
the risk of incident frailty after 3.5 years follow-up. It
should be mentioned that one previous study addressed
the relationship between TL and incident frailty as a side
outcome at 4 years follow-up in older Chinese people.
The study found a similar lack of association between
TL and incident frailty [11]. On the other hand, analysis
of incident frailty by Yu and collaborators [11] was
somewhat different. They compared robust participants

that remained robust vs those who became non-robust
(i.e., pre-frail and frail) along the follow-up, while we
have assessed those non-frail (i.e., robust plus pre-frail)
who became frail vs those remaining in the basal status,
which, in our opinion, is a more accurate way to deter-
mine incident frailty. Moreover, it is of importance to
confirm these evidences in populations with different
ethnic backgrounds since differences in TL shortness by
race/ethnicity have been previously proposed [40] and
even the characteristics of the relationship between TL
and frailty also seem to be ethnicity dependent [31, 41].

Furthermore, the lack of influence of TL on future
physical performance was supported in our study by the
lack of association of TL at baseline with the develop-
ment of a new FP criterion in our older population
during follow-up. This analysis allows for increasing
the numbers of positive events, suggesting that a low
number of events is not responsible for the lack of
association between TL and incident frailty. Finally,
the concept is further reinforced with the lack of associ-
ation of TL with the acquisition of any of the specific FP
criteria. A previous longitudinal study in a European
population including older subjects from the Nether-
lands Study of Depression in Older persons, with a 2-
year follow-up period, although did not specifically
address the influence of baseline TL on incident frailty,
evidenced that TL was not significantly associated with
changes in frailty parameters (Fried’s criteria) during the
studied period [42]. Therefore, the results of our cross-
sectional and longitudinal analysis support previous
suggestions made by other authors proposing that TL
is not a meaningful biomarker of frailty [6, 41].

Moreover, we assessed the influence of TL on mor-
tality risk and evidenced that this parameter also failed
to be predictive of mortality in this aged population
independently of the model used for adjustment. Al-
though short telomeres have been associated with re-
duced longevity and several studies have shown that
short telomeres are associated with increased all-cause
mortality risk in the general population [37], the magni-
tude of this association seems to decrease with increas-
ing age [43]. In this sense, previous studies showed
inverse association between TL and mortality in sub-
jects aged 60 and 75 years [9] but not in subjects aged
over 80 years old [44]. More recent reports have also
failed to detect any association between TL and mortal-
ity in older populations [30].

Furthermore, frailty seems to be a better predictor
of mortality than TL since our results revealed a

Table 5 Association between TL and mortality in TSHA and
ENRICA participants

TSHA cohort ENRICA cohort

OR [95% CI] p value OR [95% CI] p value

Model 1 1.00 [0.90–1.11] 1.00 0.89 [0.74–1.08] 0.25

Model 2 1.05 [0.94–1.18] 0.39 0.92 [0.76–1.13] 0.43

Model 3 1.08 [0.96–1.21] 0.22 0.94 [0.77–1.16] 0.58

Model 4 1.08 [0.96–1.21] 0.20 0.93 [0.76–1.15] 0.52

Model 5 1.08 [0.96–1.22] 0.21 0.95 [0.77–1.18] 0.66

The association between telomere length and mortality was esti-
mated by odds ratios (OR) and their 95% confidence intervals (CI,
in brackets). Increase in TL by 1 kilobase was used for calculating
OR. Model 1: non-adjusted model. Model 2: adjusted by age
(years) and sex. Model 3: additionally adjusted by diabetes
mellitus, cardiovascular disease and cerebrovascular disease.
Model 4: further adjusted by education level (higher than primary
school). Model 5: further adjusted by disability in basic activities
of daily living

�Fig. 2 Telomere length is not associated with the incidence of
specific new frailty phenotype criteria. Logistic regression of
telomere length at baseline as independent variable and
incidence of acquisition of low physical activity (a), weight loss
(b), weakness (c), slowness (d), and exhaustion (e) along 3.5 years
follow-up. Results from TSHA and ENRICA cohorts in separate
and from the meta-analysis after fully adjustment model applica-
tion (M5) are shown. Data are expressed as odds ratios (ORs) and
95% confidence intervals (CIs). p > 0.05 for all associations
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significant higher risk of death associated with the
presence of frailty status among older adults. More-
over, the number of deaths recorded were notably
more frequent within the frail group when compared
to non-frail group. These data are in line with the
consideration of frailty as a predictor of mortality in
older persons [45].

Notably, the mean TL of the 869 participants in this
study was relatively longer when compared to other
studies in older populations [11, 13, 46]. Discrepancies
could be attributed to the differences in the methodology
employed for TL determination or to study population
characteristics including, age, gender distribution and
other possible confounding factors such as ethnicity,
age-related diseases and socioeconomic status.

Strengths of this study include the simultaneous use
of cross-sectional and longitudinal nature as well as the
consistency of the results across two heterogeneous
cohorts. Limitations of this work should also be noted.
One is that TL was measured at a single time point
which means that TL attrition rate could not be exam-
ined. In addition, it is possible that the results of this
study could partly result from a healthy cohort bias, by
including frail subjects with longer telomeres since it is
possible that frail subjects with shorter telomere were
less likely to return for follow-up assessment. Finally,
the small number of people who were non-frail at base-
line and became frail at follow-up (n = 21) could be
considered a limitation.

Our findings suggest that, in the elderly, after the
completion of the maturation process, telomere length

is not especially worthy, assessed in terms of both
physical function and longevity. Accordingly, the role
of telomere length would be relevant in earlier stages of
life. Frailty is, in any case, one step in the ageing
process, preceding disability. What we show in our
study is that telomere length is not able to discriminate
the frailty status nor to predict it, suggesting that telo-
mere length is not a relevant issue among the biological
factors leading or underlying frailty, like it is the case for
inflammation, vascular function or insulin resistance
[5]. This would be in agreement with the concept that
ageing has no distinct genetic signature and is the result
of simultaneous damage accumulation processes [47].
This means that no singular process is behind all man-
ifestations of ageing, hampering the possibility of find-
ing a single biomarker of biological ageing [48].

In conclusion, the analysis of two well-characterized
cohorts of Spanish community–dwelling older adults
shows that TL does not predict incident frailty or mor-
tality. This suggests that TL is not a reliable biomarker
of functional age.
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