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O

Background: Although age is the strongest predictor of osteoarthritis, the exact mechanism underlying this
disorder remains elusive.
Objective: To examine the association between leucocyte telomere length (LTL), a bio-indicator of ageing,
and radiographic hand osteoarthritis.
Methods: An unselected, predominantly female sample from the TwinsUK Adult Twin Registry (Twin
Research and Genetic Epidemiology Unit, St Thomas Hospital, London, UK) was studied. Radiographs of
both hands were obtained with a standard posteroanterior view and assessed for radiographic
osteoarthritis according to the Kellgren/Lawrence (K/L) score. Individual radiographic features including
osteophytes and joint space narrowing (JSN) were also assessed on a four-point scale using a standard
atlas. Hand osteoarthritis was defined radiographically as having >3 osteoarthritis-affected joints of both
hands (K/L score>2). Severity of hand osteoarthritis was indicated semiquantitatively by total K/L scores,
osteophytes, JSN scores and proportion of joints affected. Mean LTL was measured by the terminal
restriction fragment length using the Southern blot.
Results: A total of 1086 Caucasian subjects (mean (SD) age 55 (8.0) years) were studied. LTL was 6.95
(0.64) kb and was inversely correlated with age. After adjustment for age, sex, body mass index and
smoking, LTL was significantly shorter by 178 bp in subjects with hand osteoarthritis (n = 160) than in those
without (n = 926; p = 0.04). LTL was also significantly associated with semicontinuous measures of
osteoarthritis (eg, total K/L score, JSN score, osteophyte score and proportion of joints affected) after
adjustment (all p(0.02) in a dose–response fashion.
Conclusion: Shorter LTL equivalent to around 11 years of annual loss in normal people is associated with
radiographic hand osteoarthritis and disease severity, suggesting potential shared mechanisms between
osteoarthritis and ageing, and implicating oxidative stress and low-level chronic inflammation in both
conditions.

steoarthritis is the most common form of arthritis and
a leading cause of musculoskeletal disability in
middle-aged and older people.1 The hand is one of
the most frequent osteoarthritis-affected sites.2 Hand
osteoarthritis is more common in women3 and is markedly
associated with functional impairment and reduced independence.4 Although hand osteoarthritis has been associated
with genetic factors,5 6 environmental factors such as
occupation,7 and hormone replacement therapy,8 age is the
strongest predictor.9 10 However, the mechanism causing
osteoarthritis is still unclear. Given that the prevalence and
severity of osteoarthritis increase dramatically with age, it is
possible that people who exhibit osteoarthritis are ‘‘biologically’’
older than their chronological peers. To explore this supposition,
we examined the mean of leucocyte telomere length (LTL) in
subjects with hand osteoarthritis versus controls.
Telomeres are tandem repeats at chromosomal ends and
form with an assortment of protein-specialised structures
that are essential for chromosomal replication and stability.11 12 In human somatic cells, telomeres shorten with cell
proliferation owing to a host of factors, including the ‘‘end
replication problem’’13 14 and insufficient repair of oxidative
damage.15 16 LTL is a complex genetic trait, reflecting both
genetic17 18 and environmental factors.15 19 Telomeres appear
to serve as a ‘‘mitotic clock’’ at least in cultured cells.20 In
vivo, short LTL has been linked to a variety of ageing-related
diseases in the general population,21–24 perhaps because
chronic oxidative stress and inflammation, two postulated
key factors in ageing,25–27 may accelerate telomere erosion in
leucocytes.
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The average telomere length in cartilage chondrocytes
decreases with age.28 Moreover, greater shortening of the
telomere length is observed in chondrocytes from the
osteoarthritic lesion site than in the more intact regions of
cartilage in the same joint,29 and lifespan in vitro of cultured
osteoarthritic chondrocytes can be extended by exogenous
telomerase,30 suggesting that telomere shortening may be
responsible for senescence in cartilage chondrocytes.
However, there have been no in vivo data regarding telomere
length and osteoarthritis, owing to the difficulty in assessing
telomere length of chondrocytes in vivo. Investigation of
telomere length in other proliferative and accessible somatic
cells is an alternative to in vivo studies as there is a high
correlation between telomere lengths in different proliferative somatic cell types.23 31 The aim of our study, therefore,
was to examine the association between LTL as a general
marker of telomere status in replicating cells and radiographic hand osteoarthritis in a population-based study.

METHODS
Study participants
Participants were derived from the TwinsUK Adult Twin
Registry (Twin Research and Genetic Epidemiology Unit,
St Thomas Hospital, London, UK), a volunteer sample
previously developed to study the heritability and genetics
Abbreviations: BMI, body mass index; JSN, joint space narrowing;
K/L, Kellgren/Lawrence; LTL, leucocyte telomere length; SSC, 0.3 M
trisodium citrate and 3.0 M sodium chloride in high-purity dH2O, pH
0.7; TRF, terminal restriction fragment
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of age-related diseases. These twins, without selecting for
particular diseases or traits, were recruited from the general
population through a series of national media campaigns in
the UK,32 and shown to be comparable with age-matched
population singletons in terms of disease-related and lifestyle
characteristics.33 The study was approved by St Thomas’
Hospital Research Ethics Committee and all twins provided
informed written consent.
x Rays
Radiographs of both hands were obtained with a standard
posteroanterior view. The distal interphalangeal, proximal
interphalangeal, metacarpophalangeal and first carpometacarpal joints of the thumb were assessed for radiographic
osteoarthritis according to the Kellgren/Lawrence (K/L) score
using a standard atlas.34 Individual radiographic features,
including osteophytes and joint space narrowing (JSN), were
also assessed on a four-point scale using a standard atlas.35 A
joint was defined as osteoarthritis-affected if it had a K/L
score >2. Hand osteoarthritis was defined as >3 joints of
both hands affected with osteoarthritis. Severity of hand
osteoarthritis was indicated by total K/L scores, osteophytes,
JSN scores and the proportion of joints affected. All radiographs were independently assessed by two trained observers
(DJ Hunter and DJ Hart) who were blinded to the telomere
length, and in cases of disagreement a third adjudicator was
used. The intraobserver and interobserver reproducibility of
the scoring were tested on a subgroup of 50 hands with a (k)
statistic of approximately 0.68 for all sites and features.
LTL measurements
A venous blood sample was taken after an overnight fast and
the mean leucocyte terminal restriction fragment (TRF)
length was measured as described previously.36 Briefly, DNA
samples were checked for integrity on 0.8% agarose gel. They
were digested overnight with restriction enzymes HinfI
(10 U) and RsaI (10 U) (Roche, Indianapolis, Indiana,
USA). DNA samples (3 mg each) and four DNA ladders
(1 kb DNA ladder plus l DNA/HindIII fragments; Invitrogen,
Carlsbad, California, USA) were resolved on 0.6% agarose gel
(20 cm620 cm) at 50 V (GNA-200, Pharmacia Biotech,
Piscataway, New Jersey, USA). After 16 h, the DNA was
depurinated for 15 min in 0.25 N hydrochloric acid, denatured for 30 min in 0.5 mol/l sodium hydroxide/1.5 mol/l
sodium chloride and neutralised for 30 min in 0.5 mol/l Tris,
pH 8/1.5 M sodium chloride. The DNA was transferred for
1 h to a positively charged nylon membrane (Roche) using a
vacuum blotter (Appligene, Oncor, Illkirch, Graffenstanden,
France). The membranes were hybridised at 65˚C with the
telomeric probe (digoxigenin 39-end labelled 59-(CCTAAA)3)
overnight in 56SSC (0.3 M trisodium citrate and 3.0 M
sodium chloride in high-purity dH2O, pH 7.0), 0.1% SarkosyI,
0.02% sodium dodecyl sulphate and 1% blocking reagent
(Roche). The membranes were washed three times at room
temperature in 26SSC and 0.1% sodium dodecyl sulphate
each for 15 min, and once in 26SSC for 15 min. The
digoxigenin-labelled probe was detected by the digoxigenin
luminescent detection procedure (Roche) and exposed on x
ray film. The autoradiographs were scanned and the TRF
length signal was digitised at molecular weight 1–20 kb. The
mean TRF length was then calculated accordingly.
Conversion of the optical density versus DNA migration
distance to optical density adjusted for background)/molecular weight versus molecular weight yielded a new
histogram from which the mean TRF length was calculated.
Each DNA sample was resolved in duplicate (on different
gels). If the difference between the duplicates was .5%, a
third measurement was carried out and the mean of two
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results ,5% apart was taken. The coefficient of variation of
the TRF in this study was 0.92%.

Statistics
Mean LTL between people with and without hand osteoarthritis was compared before and after adjustment for age,
sex, body mass index (BMI) and smoking status by unpaired
t test. The interaction between age and hand osteoarthritis on
LTL was assessed by analysis of covariance. Because of the
skewed distribution of the severity measures (eg, total K/L
score, JSN score, osteophyte score and proportion of affected
joints) and non-independent observations in twin pairs,
robust regression modelling was used to assess the association between LTL and severity or amount of hand osteoarthritis before and after adjustment for age, sex, BMI and
smoking status. The Stata’s cluster-correlated robust estimate
of standard errors was calculated and used for testing
significance.37 Because all the participants with osteoarthritis
were aged >50 years in the study, the subanalysis in the
same manner was also carried out in subjects aged
>50 years. A value of p,0.05 (two-tailed) was considered
to be significant. All statistical analyses were carried out on
STATA/SE V.9 for Windows.

RESULTS
A total of 1086 Caucasian subjects aged between 31 and
79 years were included in the study. Most of them were
women (1044 women v 42 men). Of these, 100 subjects were
singletons and 986 were twin pairs (73 monozygotic pairs
and 420 dizygotic pairs). Hand osteoarthritis was prevalent in
15% of the participants and all the subjects with osteoarthritis were aged >50 years. The mean (standard deviation
(SD)) scores were 4.2 (7.7), 0.6 (2.4) and 1.6 (3.9) for total K/
L, total JSN and total osteophyte scores, respectively. Table 1
presents the characteristics of the study participants. In all,
32% participants had a BMI.25, and 12% had a BMI>30.
The controls were 9 years younger and their LTL was 281 bp
longer than that of the cases on average. There was no
difference in BMI and smoking status between cases and
controls.
LTL declined with age as expected (fig 1). A highly
significant (p,0.001) effect of age was observed on mean
LTL of the total population, with an average decrease in
length equivalent to 16 (standard error (SE) 2) bp/year of life
in subjects without hand osteoarthritis. Subjects with hand
osteoarthritis had substantially shorter LTL than those
without, with a crude mean difference between cases and
controls of 281 bp (p,0.001; fig 2). After adjustment for
potential confounders including age, sex, BMI and smoking
status, the mean difference was reduced by 37% to 178 bp,
but the significance persisted (fig 2). When considering only
subjects aged >50 years, the adjusted difference between
subjects with osteoarthritis and controls was also significant
at 218 bp (fig 2). When stratifying older participants into two
further subgroups, aged 50–65 years and .65 years, the
adjusted difference in LTL between subjects with and without
hand osteoarthritis was 249 bp (p = 0.01) and 128 bp
(p = 0.146) for younger and older groups, respectively. The
results remained the same after excluding the small number
of men.
A significant dose–response relationship was observed
between LTL and total K/L score, total osteophyte score,
and total JSN score (all p for trend ,0.05 after adjustment
for age, sex, BMI and smoking). The LTL significantly
decreased with an increase in the osteoarthritis feature
scores. The mean difference in LTL between subjects without
hand osteoarthritis and those with most severe disease
ranged from 307 to 371 bp.
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Table 1

Characteristics of participants with and without hand osteoarthritis

Age, years (range 30–79)
Sex (female %)
BMI (kg/m2)
Ever smoker (%)
Current smoker (%)
Leucocyte telomere length (kb)

With hand OA
(n = 160)

Without hand OA
(n = 926)
p Values

62.87 (5.67)
99
25.63 (4.03)
20
17
6.71 (0.59)

53.88 (7.64)
96
25.09 (4.47)
27
15
7.00 (0.64)

,0.001
0.06
0.15
0.09
0.79
,0.001

OA, osteoarthritis.
Values are mean (SD) for continuous variables and prevalence for dichotomous variables.
Hand OA was defined as >3 joints of both hands affected (K/L>2).
Unpaired t test or x2 test was used wherever appropriate.

In the univariate and multivariate analysis (table 2), LTL
was significantly associated with the amount or severity of
hand osteoarthritis as indicated by various measures,
including total K/L score, JSN, osteophyte score and proportion of osteoarthritis-affected joints before and after adjustment for potential confounders. The effect size was reduced
by 35–57% after adjustment for age, sex, BMI and smoking
status, but still remained highly significant. Most of the
attenuation in effect size occurred after adjustment for age.
The results remained the same when the analyses were
carried out in the independent sample of singletons selected
randomly from each twin pair (data not shown) and also
when occupation was adjusted for in those with complete
data (n = 600, data not shown).

DISCUSSION
To our knowledge, this is the first clinical study that relates
telomere length to subjects with osteoarthritis. LTL is a
putative marker of exposure to chronic inflammation and
biological ageing and has been associated with age-related
diseases, such as dementia,23 24 atherosclerosis21 and myocardial infarction.22 Here we document that LTL is inversely
associated with hand osteoarthritis, with a dose–response
relationship between LTL and the amount or severity of hand
osteoarthritis. After adjustment for age, sex, BMI and
smoking status, the difference in LTL between subjects with
and without hand osteoarthritis was 178 bp.
Potential limitations
There are several potential limitations in this study.
The sample consisted of twins, and this could theoretically
limit its generalisability. However, a previous study has
shown that the participants in the TwinUK cohort are

Figure 1 Relationship between leucocyte telomere length (LTL) and age
in the total sample.
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comparable to age-matched population singletons in terms
of disease-related and lifestyle characteristics, including
osteoarthritis,33 suggesting that this is not a major concern.
Women comprised the overwhelming majority of the study
population and therefore we cannot extrapolate our results to
men. Twins are also related, which could bias the levels of
significance. However, we adjusted for this using robust
regression methods.
The classification of hand osteoarthritis may be problematic. We used a fairly strict definition, thereby providing
more reliability. Our results were robust when the individual
features were used instead in the composite K/L score. In
addition, occupation might confound our results as it could
be associated with both hand osteoarthritis and LTL.
However, adjustment for this variable in a subsample with
available social class status information did not alter the
results.
We note that different assay methods may affect the
results because of the different reliability and reproducibility
of the methods. Real-time polymerase chain reaction method
has a coefficient of variation .5%38 and does not generate
results that are expressed in absolute values, which makes
comparisons difficult not only among studies but also
between individuals within a study, suggesting that it is less
suitable for epidemiological studies. We used the Southern
blot method, which, although laborious, is highly reproducible with a coefficient of variance of ,1% and provides
telomere length in absolute values.
There may potentially be a difference in telomere length
between leucocyte subsets,39 and age-related reconfiguration

Figure 2 Association between hand osteoarthritis (OA) and leucocyte
telomere length. Hand OA was defined as >3 hand joints affected
(Kellgren/Lawrence Score >2). BMI, body mass index. Bars depict
standard error of the telomere length. *Excluded subjects ,50 years of
age. Compared to subjects with hand OA, p values were 0.04, 0.01`,
and ,0.001 , respectively.
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Table 2 Association between hand osteoarthritis and leucocyte telomere length (n = 1086)*
Unadjusted
b (SE)
Total K/L score
Total JSN score
Total osteophyte score
Proportion of joints affected

22.05
20.48
20.97
22.14

(0.41)
(0.12)
(0.21)
(0.46)

Adjusted for age and sex

Adjusted for age, sex, BMI and smoking

p Value

b (SE)

p Value

b (SE)

,0.001
,0.001
,0.001
,0.001

20.88
20.31
20.47
20.95

0.01
,0.01
0.01
0.02

20.86
20.31
20.46
20.92

(0.36)
(0.11)
(0.19)
(0.41)

p Value
(0.36)
(0.11)
(0.19)
(0.41)

0.01
,0.01
0.01
0.02

b, regression coefficient; BMI, body mass index; K/L, Kellgren/Lawrence; JSN, joint space narrowing; SE, Stata’s cluster-correlated robust estimate of standard
error.
*Robust regression modelling was used.

of cell subsets may confound telomere analysis. However, the
reconfiguration is mostly engaged in lymphocyte subsets and
the relative number of neutrophils changes little with age40 41;
thus, using leucocyte subsets in the telomere analysis would
reduce the confounding effect of the proportions of lymphocyte subsets. In addition, telomere length is synchronised
(equivalent) in different tissues of newborns42 and partially
synchronised in adults.31 43 Therefore, people with relatively
long (or short) telomeres in one tissue are expected to have
relatively long (or short) telomeres in others. Thus, if the
mechanisms that shape telomere dynamics (telomere length
and attrition rate) in leucocytes mirror those in chondrocytes,
the association we observed might also hold for chondrocytes. We therefore believe that despite direct data on
chondrocytes or osteoblasts, measuring LTL rather than the
rarer cell subsets is the preferred method for answering the
research question in such a large sample.

Possible mechanism
Our results show that LTL is associated with hand osteoarthritis. The shorter the LTL, the more severe the hand
osteoarthritis. In vitro studies show that the mean chondrocyte telomere length declined with donor’s age28 and that
the mean telomere length was shorter in chondrocytes near
the osteoarthritic lesion than in the distal sites in the same
joint,29 suggesting that age-related telomere erosion may lead
to chondrocyte senescence. Senescent chondrocytes synthesise smaller aggrecans and fewer functional link proteins and
seem to have a reduced response to anabolic cytokines,44–46
predisposing people to osteoarthritis. Furthermore, in cultured chondrocytes, telomere length, replicative capacity and
glycosaminoglycan are decreased by treatment with reactive
oxygen species. In contrast, treatment with an anti-oxidative
agent results in a tendency to elongate telomere length and
replicative lifespan in cultured chondrocytes.47 Excessive
stress on articular surfaces due to acute joint trauma or
post-traumatic joint instability, incongruity or malalignment
increases reactive oxygen species, which may accelerate
chondrocyte senescence.48
The association between LTL and hand osteoarthritis
persisted after adjustment for age. At any age, telomere
length in a given tissue reflects its length at birth and its
attrition rate thereafter. Leucocyte telomere attrition results
from cell replication and factors that affect the replicative
rate, including inflammation and oxidative stress, which may
affect the magnitude of telomeric loss per replication.49 LTL
might hence register, at least in part, the cumulative burden
of oxidative stress and inflammation during the individual’s
lifetime. As both oxidative stress25 and inflammation50 are
involved in ageing, subjects with osteoarthritis are probably
exposed to these potentially biologically ageing mechanisms
more than controls.
Finally, LTL is genetically determined with heritability
estimates of 36–78%.17 18 It is also known that there is a
significant genetic component in osteoarthritis, particularly

hand osteoarthritis.5 51 52 The observed association in the
current study might partly be because they share common
genetic components; but given that the overall correlation is
low, it is more likely to be due to acquired factors.
In conclusion, loss in LTL is associated with mild radiographic hand osteoarthritis and increases with disease
severity, suggesting potential shared mechanisms between
osteoarthritis and ageing, and implicating acquired factors,
such as oxidative stress and low-level chronic inflammation,
in both conditions.
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