Castell et al. BMC Musculoskeletal Disorders (2015) 16:359

DOI 10.1186/512891-015-0807-8
BMC

Musculoskeletal Disorders

RESEARCH ARTICLE Open Access

Osteoarthritis and frailty in elderly @ oo
individuals across six European countries:

results from the European Project on
OSteoArthritis (EPOSA)

Maria Victoria Castell”", Suzan van der Pas®, Angel Otero'”, Paola Siviero®, Elaine Dennison®, Michael Denkinger®,
Nancy Pedersen’, Mercedes Sanchez-Martinez'%, Rocio Queipo?, Natasja van Schoor?, Sabina Zambon®,
Mark Edwards’, Richard Peter®, Laura Schaap® and Dorly Deeg®

Abstract

Background: Osteoarthritis (OA) is the most common cause of disability in the elderly. Clinical frailty is associated with
high mortality, but few studies have explored the relationship between OA and frailty.

The objective of this study was to consider the association between OA and frailty/pre-frailty in an elderly population
comprised of six European cohorts participating in the EPOSA project.

Methods: Longitudinal study using baseline data and first follow-up waves, from EPOSA; 2,455 individuals aged 65-85
years were recruited from pre-existing population-based cohorts in Germany, Italy, the Netherlands, Spain, Sweden and
the United Kingdom. Data were collected on clinical OA at any site (hand, knee or hip), based on the clinical
classification criteria developed by the American College of Rheumatology (ACR). Frailty was defined according
to Fried's criteria. The covariates considered were age, gender, educational level, obesity and country. We used
multinomial logistic regression to analyse the associations between OA, frailty/pre-frailty and other covariates.
Results: The overall prevalence of clinical OA at any site was 304 % (95 % Cl:28.6-32.2); frailty was present in 10.2 %
(95 % CI:9.0-11.4) and pre-frailty in 51.0 % (95 % Cl:49.0-53.0). The odds of frailty was 2.96 (95 % Cl:2.11-4.16)
and pre-frailty 1.54 (95 % Cl:1.24-1.91) as high among OA individuals than those without OA. The association
remained when Knee OA, hip OA or hand OA were considered separately, and was stronger in those with
increasing number of joints.

Conclusions: Clinical OA is associated with frailty and pre-frailty in older adults in European countries. This
association might be considered when designing appropriate intervention strategies for OA management.
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Background have limitations in movement, while 25 % cannot
Osteoarthritis (OA) is thought to be the most prevalent  perform their normal daily activities [2]. The prevalence
chronic joint disease in the world and one of the most of OA varies widely depending on the whether the
common sources of pain and disability in the elderly [1].  criteria adopted are based on self-report, clinical report
Half of the world's population aged 65 and older suffer  and/or radiologic imaging [3—8]. It clearly increases with
from OA, and 80 % of people with symptomatic OA  age, and may even triple in frequency in persons age 70
or over and in those with obesity [3, 4].
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approach will be needed to better understand the link
between aging and OA [9].

Frailty is a physiological state characterized by the
deregulation of multiple physiologic systems of an aging
organism determining the loss of homeostatic capacity,
which exposes the elderly to disability, diseases, and
finally death [10-12]. The clinical phenotype of frailty
manifests as multi-system pathologies characterized by
low physical activity, global weakness with low muscle
strength, exhaustion, overall slowness and loss of weight
[10, 11]. The worldwide prevalence of frailty ranges
between 6.9 % and 42.6 % [10, 13—17]. There is also a
documented heterogeneity in the quality of aging
among different geographic areas, which suggests the
need for a frailty classification approach providing
population-specific results [15]. Pre-frailty occurs at an
earlier stage of the frailty spectrum and is associated
with the later development of frailty. Thus, pre-frailty
might be a better target of screening and implementa-
tion of early interventions. [12, 17]

Frailty as a geriatric syndrome it has its pathophysio-
logical substrate in sarcopenia [18]; it involves loss of
functionality and is a prognostic factor for disability [16].
OA is not purely a mechanical problem. In addition to
age, genetic and nutritional factors are also important;
obesity predisposes individuals to OA both for mechan-
ical reasons and through inflammatory or metabolic
mechanisms [4, 8]. Some studies have found a relation-
ship between OA and frailty, using different diagnostic
criteria in both processes [19-21] but, to our knowledge,
in Europe there are no population-based studies that
relate the two concepts. The EPOSA project is a popula-
tion-based study using pre-harmonized data across six
European countries on older community-dwelling persons
aged 65 to 85 years, and it includes clinical data on OA
and frailty [22]. This project provides an opportunity for
in-depth study of the association between OA and frailty
across Europe in an elderly population.

Accordingly, the objective of this study was to con-
sider the association between OA and frailty/pre-frailty
in an elderly population comprised of six European co-
horts participating in the EPOSA project.

Methods

Study design and participants

The EPOSA project involves six cohort studies, each
performed in a different country: Germany (The study
on Activity and Function in the Elderly in Ulm, ActiFE-
Ulm), the United Kingdom (UK) (Hertfordshire Cohort
Study, HCS), the Netherlands (Longitudinal Aging Study
Amsterdam, LASA), Italy (Godega di Sant'Urbano,
Veneto Region), Spain (Ageing in Penagrande), and
Sweden (Swedish Twin Register). Random samples from
these population-based cohorts were included. In each
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cohort, around 750 potential participants were contacted
with the aim of recruiting 500 participants. In Italy, a
new sample was drawn, with recruitment procedures
and age/sex-distributions similar to those in the other
studies. A total of 2,942 respondents (response rate
ranging from 64.6 % to 82.2 %, averaging 72.8 %) were
included in the EPOSA baseline study. The overall age
range was 65-85 years (with oversampling of the oldest
respondents) in all cohorts except for the UK, in which
the age range was 71-79 years.

A detailed description of the study design and data
collection of the EPOSA study is described elsewhere
[22]. All participants completed an informed consent.
For all six countries, the study design and procedures
were approved by the Medical Ethics committee of the
respective centers (Germany: Ethical Committee of Ulm
University; the Netherlands: Medical Ethical Commit-
tee of the VU University Medical Center; Spain: Ethic
Committee for Clinical Research of University Hospital
La Paz of Madrid; Sweden: Ethics Board of Karolinska
Institutet; UK: The Hertfordshire Research Ethics
Committee; Italy: Comitatio etico ULSS7).

It is a longitudinal study in which all the variables
were collected primarily from March to November 2011,
except for frailty which was collected one year later
(between March and November 2012). The study popu-
lation for the present analysis was made up of 2,455
individuals who participated in the baseline and the
follow-up waves. 487 baseline participants (16.6 %) could
not be included because they had died, were untraceable,
or declined to participate one year later. The proportion
of people aged 80-85 and of women in this group of
non-respondents was higher than in participants (28.1 %
vs 15.4 %, for age and 57.5 % vs 50.8 % for sex, respect-
ively). The proportion of obese people in both samples
was similar. A standardized questionnaire was applied
and a clinical examination was performed. Participants
were visited in their homes by trained research nurses,
except for Italy and Spain, where participants were
examined in a health care centre, and only disabled
persons were visited in their home.

Study variables/ measures
Data were collected on the following variables:

Clinical osteoarthritis

Algorithms for clinical OA were developed based on the
clinical classification criteria developed by the American
College of Rheumatology (ACR) [23]. Algorithms were
specified both for site-specific OA (knee, hip and hand,
respectively) and Clinical OA at any site (any of these
three joints). The clinical diagnosis of knee OA was
based on both history and physical examination: pain in
the knee was evaluated by the Western Ontario and
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McMaster Universities OA Index (WOMAC) pain
subscale score [24], plus any three of: age 50 or over,
morning stiffness lasting <30 min, evaluated by the
WOMAC stiffness subscale (score from ‘mild’ to
‘extreme’); crepitus on active motion in at least one side;
bony tenderness in at least one side; bony enlargement
in at least one side, and no palpable warmth of synovium
in both knees. The clinical diagnosis of hip OA was
based on both history and physical examination: pain in
the hip was evaluated by the WOMAC pain subscale
score, plus all of: pain associated with hip internal rota-
tion in at least one side; morning stiffness lasting
<60 min, evaluated by the WOMAC stiffness subscale
(score from ‘mild’ to ‘extreme’); and age 50 or over. The
clinical diagnosis of hand OA was based on both history
and physical examination: pain, aching or stiffness of the
hand was evaluated by the Australian/Canadian OA
Hand Index (AUSCAN) pain and stiffness subscale [25];
plus any two of: hard tissue enlargement of two or more
of the 2nd and 3rd distal interphalangeal (DIPs), 2nd
and 3rd proximal interphalangeal (PIPs), 1st carpometa-
carpal (CMC) joints of at least one hand; hard tissue
enlargement of two or more DIPs of at least one hand;
deformity of at least one of the 2nd and 3rd DIPs, 2nd
and 3rd PIPs, 1st CMC joints of at least one hand. Swell-
ing of the metacarpophalangeal (MCP) joints, which is
also included in the ACR classification criteria as a
control to exclude rheumatic arthritis, was only mea-
sured in the UK and Germany. The categorical variable
Clinical OA-number of sites describes the number of
joints involved, from 0 a 3 (knee, hip and/or hand)
Frailty was measured based on the five criteria
proposed by Fried [9], with some adaptation as follows:
1) Unintentional weight loss (Shrinking) of 25 % in the
last year; 2) Low energy (Exhaustion) based on questions
from the Centre for Epidemiologic Studies Depression
Scale (CES-D); 3) Weakness: Grip strength in the domin-
ant hand measured with a dynamometer (Jamar®) and
adjusted for body mass index (BMI); 4) Slowness: Calcu-
lated after walking three meters, adjusted for sex and
height. Participants were asked to “walk to the other end
of the course as quickly as you can, but do not run” and
were timed using a stopwatch. In the UK, the instruction
was to “walk to the other end of the course at your usual
speed, just as if you were walking down the street to go
to a shop”. In Germany, 361 of the participants were
measured using a GAITRite® walkway system and were
standardised using a stopwatch. Individuals included in
the worst quintile in each country were considered to be
slow. 5) Low physical activity: Kilocalories (kcal) expended
per week were calculated based on the Longitudinal
Ageing Study Amsterdam (LASA) Physical Activity
Questionnaire (LAPAQ) [26], using self-reports about the
frequency and duration of walking, cycling, gardening and
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engaging in sports. The cut-off points used in this case
were the worst quintile in the EPOSA sample.

Persons who met at least three criteria were consid-
ered to be frail, those who met one or two criteria
were prefrail, and those with none were considered
non-frail. Accordingly, the variable frailty was divided
into three categories.

Potential co-variables

Demographic covariates such as age, gender and edu-
cation level were collected. Education was measured by
asking for the highest level of education completed and
was categorized into “elementary school not completed”,
“elementary school completed”, “vocational education/
general secondary education”, and “college or university
education”.

Health covariates: BMI was calculated as weight in
kilograms divided by height in squared meters. Obesity
was defined as BMI of 30 kg/m? or higher. Number of
chronic conditions was measured through self-reported
presence of the following chronic diseases or symptoms
that lasted for at least 3 months or diseases for which
the respondent had been treated or monitored by a
physician: chronic non-specific lung disease, cardiovascu-
lar diseases, peripheral artery diseases, stroke, diabetes,
cancer, and osteoporosis. Comorbidity was evaluated as
the number of diseases, or defined as the occurrence of
two or more coexisting conditions.

Country covariate
Data from the cohorts of Germany, Italy, the Netherlands,
Spain, Sweden and the United Kingdom were collected.

Statistical methods

As age distribution and gender split varied between the
cohorts of different countries, a weighting variable was
created for each individual within each country. The
weights were calculated per sex and per 5-year age
groups, using the formula: W = Pexp/Pobs, where Pobs
is the observed proportion of persons in a specific age/
gender category in the cohort (n;/n), and Pexp is the
expected proportion of persons in a specific age/gender
category in the population (N;/N), taking the European
Standard Population in 2010 as the reference population
[22]. This technique allowed direct comparisons of the
variables across countries.

A descriptive analysis was performed. For the con-
tinuous variables such as age, the mean and standard
deviation were calculated. Categorical variables were
expressed as absolute frequencies and their 95 %
confidence intervals (95 % CI).

We calculated the frequency of frailty and OA in the
study population and made a descriptive analysis of
frailty by demographic (age, gender and educational
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level) and health-related variables (obesity, comorbidity,
and OA). Differences among countries were assessed
using Kruskal Wallis for age and the chi-squared test for
categorical variables.

The association between OA and frailty was summa-
rized with odds ratios (OR) and their 95 % confidence
interval (CI) obtained from logistic regression. Multi-
variate analyses were conducted using the variable
frailty with three categories (no frailty as reference vari-
able, pre-frailty and frailty), as the dependent variable
(multinomial logistic regression) and OA as the main
independent variable, introducing in the model the co-
variables that were associated with frailty at p <0.10 in
a bivariate analysis.

We conducted five regression analyses, using the
previously described measures of OA (clinical OA at
any site, knee OA, hip OA, hand OA and clinical OA-
number of sites) in each analysis. All analyses were
performed using SPSS for Windows version 19.0.

Results

A total of 2,455 individuals participated in the baseline
and the follow-up waves. The mean age of participants
in the pooled data across all countries was 74.0 years
(SD: 5.0), 50.8 % were women, 42.1 % had no more than
elementary school education, 28.6 % were obese, and
27.5 % presented comorbidity. Clear differences were
observed between countries with regard to educational
attainment. Over 70 % of participants in the cohorts of
Italy and Spain had at most a primary school education,
whereas this percentage was 20.9 % in the UK, 21.9 % in
Sweden and 24.4 % in the Netherlands. In Germany, half
of the participants had reached or exceeded the level of
secondary school education (Table 1).

The overall prevalence of clinical OA at any site was
30.4 %; 16.3 % had OA of the hand, 5.9 % of the hip, and
19 % of the knee (Table 2). The highest levels of clinical
OA at any site were found in Italy (42.3 %), which also
had the highest figures for OA of the hand, knee and
hip. Germany had the lowest levels, with 19.7 % of

Table 1 Characteristics of participants by country
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clinical OA at any site. Women had a higher frequency
of OA than men in all age groups, both when analysed
overall and by each OA site (Fig. 1).

Frailty was present in 10.2 % of the population,
ranging across countries from a prevalence of 5.6 % in
Germany and Sweden to 154 % in the UK (p <0.001).
The overall prevalence of pre-frailty was 51.0 % (Table 2).
Both frailty and pre-frailty were higher in women and
increased with age in both sexes, with frailty reaching
26.1 % in women aged 80 and over (Fig. 1).

The bivariate analysis showed that all covariables were
associated with frailty or pre-frailty at p <0.05.

Table 3 shows the association between OA and pre-
frailty and frailty. The crude OR of OA in prefrail and
frail people was 1.74 and 3.69, respectively. After adjust-
ment for all the study variables, the OR for OA was
reduced to 1.54 for pre-frailty and to 2.96 for frailty. It
can be seen that comorbidity and obesity as co-variables
in this fully adjusted model are independently associated
with both pre-frailty and frailty.

Table 4 shows the fully adjusted OR of the differ-
ent OA variables used. After adjusting for the
confounding variables, including country, the pres-
ence of OA was associated with pre-frailty (OR:1.54;
95 % CI:1.24-1.91) and, more strongly, with frailty
(OR:2.96; 95 % CI:2.11-4.16). This association was
maintained for each of the joints analysed, and the
odds of frailty were four times higher when the hip
was the affected joint (OR:4.41; 95 % CI:1.41-13.82).
The strength of the association increased with the
number of affected joints; when OA was present at
the same time in all three joints analysed, the odds
of pre-frailty were three times higher (OR 2.26; 95 %
CIL:1.28-8.32) and the odds of frailty were over eight
times higher (OR: 8.95; 95 % CI:2.83-28.39).

Discussion

This study suggests a strong association between OA
and frailty that remains after adjusting for socio-
demographic and health-related variables and that is

Overall Country
N=2455 GER NL T SP SW UK
N=336 N=483 N=319 N =457 N =450 N=410

Age (years)® Mean (SD) 740+50 741£49 749£56 728+50 74654 719+49 752%26

% [95% Cl] 9% [95% Cl] 9% [95% Cl] 9% [95% Cl] 9% [95% Cl] 9% [95% Cl] 9% [95% (1]
Gender female® 50.8(488-528)  39.6(344-448) 549(505-59.3)  50.8(45.3-56.3)  47.5(42.9-52.1)  587(54.2-63.2)  50.2(454-55.0)
Education (< elementary) ~ 42.1(40.1-44.1)  484(43.1-53.7)  244(206-282)  749(70.1-79.7)  71.1(669-753)  21.9(18.1-25.7)  20.9(17.0-24.8)
Obesity (BMI = 30) 286(26.8-304)  453(40.0-50.6)  264(22.5-303)  254(206-30.2)  344(30.0-388)  16.1(12.7-19.5)  29.0(24.6-33.4)
Comorbidity (=2 diseases)  27.5(25.7-29.3)  27.4(226-32.2)  23.8(20.0-27.6)  33.7(285-389)  33.2(289-375)  20.8(17.0-246)  289(24.5-33.3)

Weighted data to the European standard population in 2010 except®
P-value <0.001 in all variables between countries
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Table 2 Frequency of OA and frailty status by country (weighted data®)

Overall GER NL T SP SW UK % p**

% [95 % CI] % [95 % Cl] % [95 % Cl] % [95 % Cl] % [95 % CI] % [95 % Cl] [95 % (1]
Clinical OA at any site 304(28.6-322) 19.7(154-240) 26.0(22.1-29.9) 423(36.9-47.7) 34.7(30.3-39.1) 32.7(284-37.0) 26.7(224-31.0) <0.001
Hand OA 163(14.8-17.8)  11.8(84-152)  11.6(87-145)  21.2(16.7-257) 19.5(159-23.1)  19.2(15.6-22.8)  14.5(11.1-17.9)  <0.001
Hip OA 59(5.0-6.8) 0.7(0.3-1.6) 6.9(4.6-9.2) 13.8(10.0-176) 4.7(2.8-6.6) 4.6(2.7-6.5) 5.0029-7.1) <0.001
Knee OA 19.0(174-206) 104(7.1-137)  183(149-21.7)  254(206-30.2) 235(196-274) 19.7(16.0-234) 15.1(116-186) <0.001
Frail 102(90-114)  56(3.1-8.1) 10.9(8.1-13.7) 12.2(86-15.8) 126(96-156)  5.6(3.5-7.7) 154(11.9-189)  <0.001
Pre-frail 51.0(49.0-53.0) 484(43.1-537) 47.1(426-516) 61.9(56.6-67.2) 56.1(51.5-60.7) 42.2(37.6-46.8) 54.8(50.0-59.6) <0.001
Non-frail 388(36.9-40.7) 46.1(40.8-514) 42.1(37.7-465) 26.0(21.2-30.8) 314(27.1-35.7) 52.2(47.6-56.8) 29.8(254-342) <0.001

“The weighted data were derived from the European standard population in 2010

**P-value <0.001 in all variables between countries

maintained when analysing different sites separately
(knee, hip, hand). The odds of pre-frailty and frailty
were 1.54 and 2.96 times higher among OA than
non-OA patients.

Recent publications have found an independent as-
sociation between hip OA and frailty or pre-frailty in
men aged 65 and over [27] and knee OA has been
shown to be associated with a greater prevalence and
risk of developing frailty [20]. Other studies have
found a relationship between frailty and OA measured
with subjective criteria [15, 21]. These results suggest
common pathophysiological mechanisms underlying
both conditions. Certain inflammatory cytokines (IL1,
IL-6 and TNFalpha) that are involved in the frailty

cycle [18, 28, 29] are increased in OA cartilage as
opposed to normal cartilage. The response to growth
factors such as IGF1 declines markedly, thus inhibiting
maintenance of normal cartilage and promoting the devel-
opment of OA [18, 28].

The high prevalence of OA among the elderly is well
known [3-7]. In our study, 30.4 % of cases had OA in
one or more of the joints studied. The prevalence of OA
at any site was very high in Italy (42.3 %) and was low in
Germany (19.7 %), and these differences were main-
tained regardless of the joint affected. Although there
are demographic differences across countries such as
age, sex, educational level, the variability in prevalence
rates may be influenced by other factors as climate,

MALE

FEMALE

)
70/°

P<0.01
60
20
30
20

10

<70 years 70-74 years 75-79 years 80-85 years

B PRE-FRAIL OFRAIL

%

70

P<0.01

60

50

40

30

20

10

<70years 70-74 years 75-79 years 80-85 years

PRE-FRAIL OFRAIL

70 %o
60
50
40
30

20

10

<70 years 70-74 years 75-79 years

80-85 years

BANYOA QOHAND OA EKNEEOA @HIP OA

70

60

50

40

30

20

10

<70 years
BANYOA OHANDOA OKNEEOA DOHIP OA

70-74 years 75-79 years 80-85 years

Fig. 1 Prevalence of OA and frailty by age and sex in the overall EPOSA sample (n = 2455)
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Table 3 Association between Osteoarthritis (OA) and pre-frailty/frailty. Multinomial regression
PRE-FRAILTY FRAILTY

Osteoarthritis (OA) (crude) 1.74[142-2.12] 3.69[2.74-4.97]
OA adjusted for age and sex 1.78[1.45-2.19] 3.91[2.83-5.40]
OA adjusted for age, sex, education & country 1.68[1.36-2.08] 3.65[2.63-5.08]
OA adjusted for age, sex, education, country & comorbidity 1.60[1.30-1.99] 3.26[2.34-4.56]
OA adjusted for age, sex, education, country, comorbidity & obesity 1.54[1.24-1.91] 2.96[2.11-4.16)

Values expressed as Odds Ratios. OR (95 % Cls)
Reference category: non-osteoarthritis

health care, lifestyle or environmental factors [22, 30].
The findings of other studies in the developed world are
consistent with ours. In the Rotterdam Study the preva-
lence of OA based on clinical criteria was 16.2 % in men
and 204 % in women aged 75-84 years [31]. The
Johnston County study reported a frequency of 47 %
in men and 49.2 % in women aged 70-74 years [32].

The prevalence of frailty is high in the elderly and will
increase in the future due to the progressive ageing of
the population. Our results show that the overall preva-
lence of frailty is 10.2 % and of pre-frailty is 51.0 %,
which is consistent with other population-based studies
of similar characteristics conducted in Europe [14, 21].
The Survey of Health, Ageing and Retirement in Europe
(SHARE) [20], which compared frailty across 10 European
countries, found a much higher prevalence in the
Mediterranean countries (Italy and Spain) and a lower
prevalence in Nordic countries like Sweden. Because
of the high frequency and the earlier stage of the
frailty spectrum, the prefrail constitute a target popu-
lation requiring action from the health and social
services [33, 34].

Obesity is strongly associated with OA and frailty in older
people, and in the presence of the three conditions there is
a higher risk of functional limitation [19, 27, 35-37]. In our
study, obese individuals had a higher risk of being prefrail

Table 4 Fully adjusted association between Osteoarthritis (OA)
in different sites and pre-frailty/frailty status (five multinomial
regressions)?

PRE-FRAILTY FRAILTY

CLINICAL OA AT ANY SITE® 1.54 [1.24-1.91] 296 [2.11-4.16]
KNEE OA® 1.43 [1.04-1.98] 2.08 [1.25-3.46]
HIP OA® 1.95 [0.86-4.42] 441 [141-13.82]
HAND OA® 1.50 [1.06-2.12] 257 [146-4.55]
CLINICAL OA-NUMBER OF SITES

OA 1 SITE® 145 [1.14-1.85] 247 [1.68-3.63]

OA 2 SITES® 1.73 [1.16-2.57] 4.18 [242-7.22]

OA 3 SITES® 2.26 [1.28-832] 8.95 [2.83-28.39]

Values expressed as Odds Ratios. OR (95 % Cls)

?OR Adjusted for age, gender, education, country, comorbidity and BMI
PReference category: non-OA at any site

“Reference category: non-OA at that site

and frail, as we can see in Table 3. It is important to realize
that obesity acts not only as a local biomechanical factor,
but as a systemic component [4] and its influence increases
with age: Body composition changes with age, even if body
mass index (BMI) does not vary, with an increased propor-
tion of fat mass and decrease in lean mass. It is now appre-
ciated that these age-related changes occurring in tissues
besides articular cartilage may contribute to the develop-
ment of OA [1]. However, these changes are much more
intense in the presence of obesity, frailty and/or OA and, as
noted by several authors, may be due to the development
of insulin resistance and the maintenance of chronic
inflammatory processes over time [8, 10, 14]. Sarcopenic
obesity, a condition in which lean body mass is lost while
fat mass may be preserved or even increased [17] has a
stronger association with knee OA than non-sarcopenic
obesity, indicating the importance of the systemic
metabolic effect of obesity in OA [29].

This study has some limitations. Although all partici-
pants were recruited from pre-existing community-
based cohorts of older individuals, the cohorts may not
be representative of their respective countries to the
same extend, due to differential attrition. However, these
differences may allow hypothesis generation regarding
the association between OA and frailty. The non-
participation in the 1-year follow-up of 487 baseline
individuals may influence the results, but given the
higher proportion of women and older individuals,
which are variables associated with a higher prevalence
of frailty and OA, the results presented would likely have
been stronger had we been able to include the non-
participants. Another limitation is that the involve-
ment of multiple research centres meant that data
collection methods might vary by study site. However,
all questionnaires and protocols for examination were
undertaken by one team to minimize such problems
and OA was diagnosed according to clinical criteria
and following a similar methodology in all the partici-
pating cohorts. Finally, although the study design is
longitudinal, given that the main variables (OA and
frailty) are chronic processes, and that the period
between baseline and the follow-up wave was very
short, we cannot assume the temporal direction of
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causality in the association detected. Other longitu-
dinal studies over a longer time period are needed to
assess the relationship between the incidence of frailty
or pre-frailty and the presence of OA.

Due to the high prevalence of OA and frailty in persons
aged 65 and over, the strong association between the two
processes and the fact that frailty has been considered as a
predictor of mid-term mortality in individuals with OA
[35], several authors have recommended preventive and
therapeutic interventions at the community level. These
include, firstly, the early detection of frailty as an import-
ant measure of overall health status in the elderly [27].
The frailty score proposed by Fried et al. has biological
validity and is easy and inexpensive to measure [14]. Fur-
thermore, OA seems to be associated with worsening of
and/or lower recovery from frailty [33]. Thus, we should
encourage the use of this scale in the screening of older
persons, especially those age 75 and over [38].

Another intervention may be to promote or prescribe
appropriate exercise. The practice of regular physical
activity that includes both aerobic and resistance exer-
cises tailored to each individual's needs is probably the
most efficient intervention to prevent frailty and to delay
disability and the adverse events associated with obesity
and frailty [34, 39, 40]. Health benefits can be obtained
at any point in the evolution of OA and frailty [40].

Finally, weight loss is a priority in the long-term man-
agement of obese individuals with OA. Not only does this
help lessen joint overload, it also results in decreased fat
mass and a proportional increase in lean mass which leads
to functional improvement [29]. The Mediterranean diet,
rich in olive oil, fruits and vegetables, and with a predom-
inance of polyunsaturated fatty acids, also contributes to
improved functionality and quality of life in individuals
with osteoarticular pathology [41].

Conclusion

The prevalence of both OA and frailty/pre-frailty in
European countries is high, involving nearly one-third
and two-thirds of the elderly, respectively. Clinical
OA is strongly associated with frailty and pre-frailty
in older adults. Although the association exists with
OA at any site, it is stronger with increasing number
of joints involved and when the affected joint is the
hip. Thus, the key is to implement preventive and
therapeutic measures in older persons with OA, espe-
cially early detection of frailty and the promotion of
physical exercise in all individuals and of fat weight
loss in obese individuals.

Significance and innovations

e OA and frailty are highly prevalent in the elderly
population in Europe, with an estimated frequency
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that ranges between 19.7 % in Germany and 42.3 %
in Italy for OA and between 5.6 % in Germany and
Sweden and 15.4 % in UK for frailty.

e The odds of frailty is 2.96 (95 % CI:2.11-4.16) and
pre-frailty 1.54 (95 % CI:1.24-1.91) as high among OA
individuals than those without OA. The association
remains when OA of the knee, hip and hand joints
are considered separately, and is stronger in those
with increasing number of joints involved.

e This association might be considered when
designing appropriate intervention strategies for
OA management.

Competing interests

The authors declare that they have no competing interests. The funder had
no role in the design, execution, analysis or interpretation of the data, or
writing of the study.

Authors’ contributions

MVC, AO, SVdP, MD, ED, ME, NP, SZ and D were involved in the coordination
and design of the study. MVC, AO, MSM, RQ, SVdP, LSNvS, NS, MD, ED, NP
PS, SZ and DD were involved in carrying out the data collection and training
and control of interviewers in each country. AO, RQ, SVdP and MVC carried
out the statistical analyses. MVC, AO, MSM, MD, ED, and DD, made an initial
interpretation of the results and drafted the manuscript. All authors were
involved in revising and approving the final manuscript and accept
responsibility for the data presented.

Acknowledgements

The study was supported by a non-commercial private funder.

The Indicators for Monitoring COPD and Asthma - Activity and Function in

the Elderly in Ulm study (IMCA - ActiFE) was supported by the European Union
(No.: 2005121) and the Ministry of Science, Baden-Wiirttemberg. The Italian
cohort study is part of the National Research Council Project on Aging (PNR).
The Longitudinal Aging Study Amsterdam (LASA) is financially supported by
the Dutch Ministry of Health, Welfare and Sports. The Pefiagrande study was
partially supported by the National Fund for Health Research (Fondo de
Investigaciones en Salud) of Spain (project numbers FIS PI 05/1898; FIS
RETICEF RD06/0013/1013 and FIS PS09/02143). The Swedish Twin Registry
is supported in part by the Swedish Ministry of Higher Education. The
Hertfordshire Cohort Study is funded by the Medical Research Council of
Great Britain, Arthritis Research UK, the British Heart Foundation and the
International Osteoporosis Foundation.

The authors wish to thank the funding agencies. We would like to thank all
of the men and women who participated in the EPOSA study.

Author details

'Preventive Medicine and Public Health, Unit of Primary Care and Family
Medicine, Universidad Autonoma de Madrid, Madrid, Spain. 2ldiPAZ, Instituto
de Investigacion de La PAZ, Madrid, Spain. 3SEMGO Institute for Health and
Care Research, Department of Epidemiology and Biostatistics, VU University
Medical Center, Amsterdam, Netherlands. “Medicine and Surgical Sciences.
Institute of Neuroscience, University of Padova, Padua, Italy. *MRC
Epidemiology Resource Centre, University of Southampton, Southampton,
UK. ®Bethesda Geriatric Clinic, University of Ulm, Ulm, Germany. “Medical
Epidemiology and Biostatistics, Karolinska Institutet, Stockholm, Sweden.

Received: 15 September 2014 Accepted: 6 November 2015
Published online: 17 November 2015

References

1. LiY, Wei X, Zhou J, Wei L. The age-related changes in cartilage and
osteoarthritis. Biomed Res Int. 2013;2013:916530.

2. Woolf AD, Pfleger B. Burden of major musculoskeletal conditions. Bull World
Health Organ. 2003;81(9):646-56.

3. Carmona L, Ballina J, Gabriel R, Laffon A, EPISER Study Group. The
burden of musculoskeletal diseases in the general population of Spain:
results from a national survey. Ann Rheum Dis. 2001;60(11):1040-5.



Castell et al. BMC Musculoskeletal Disorders (2015) 16:359

20.

21.

22.

23.

24.

25.

26.

27.

28.

Garstang SV, Stitik TP. Osteoarthritis: epidemiology, risk factors, and
pathophysiology. Am J Phys Med Rehabil. 2006;85(11 Suppl):S2-11.
Quintana JM, Arostegui |, Escobar A, Azkarate J, Goenaga JI, Lafuente I.
Prevalence of knee and hip osteoarthritis and the appropriateness of joint
replacement in an older population. Arch Intern Med. 2008;168(14):1576-84.
Dagenais S, Garbedian S, Wai EK. Systematic review of the prevalence of
radiographic primary hip osteoarthritis. Clin Orthop Relat Res. 2009:467(3):623-37.
Haq SA, Davatchi F. Osteoarthritis of the knees in the COPCORD world.

Int J Rheum Dis. 2011;14(2):122-9.

Neogi T, Zhang Y. Epidemiology of osteoarthritis. Rheum Dis Clin North Am.
2013;39(1):1-19.

Loeser RF. Aging and osteoarthritis. Curr Opin Rheumatol. 2011;23(5):492-6.
Fried LP, Tangen CM, Walston J, Newman AB, Hirsch C, Gottdiener J, et al.
Frailty in older adults: evidence for a phenotype. J Gerontol A Biol Sci Med
Sci. 2001;56(3):M146-56.3.

Fried LP, Ferrucci L, Darer J, Williamson JD, Anderson G. Untangling the
concepts of disability, frailty, and comorbidity: implications for improved
targeting and care. J Gerontol A Biol Sci Med Sci. 2004;59:255-63.

Wick JY. Understanding frailty in the geriatric population. Consult Pharm.
2011,26(9):634-45.

Ottenbacher KJ, Ostir GV, Peek MK, Snih SA, Raji MA, Markides KS. Frailty in
Mexican Americans older adults. J Am Geriatr Soc. 2005;53:1524-31.

Cesari M, Leeuwenburgh C, Lauretani F, Onder G, Maraldi C, Guralnik JM,

et al. Frailty syndrome and skeletal musclexresults from the Invecchiare in
Chianti study. Am J Clin Nutr. 2006;83:1142-8.

Avila-Funes JA, Helmer C, Amieva H, Barberger-Gateau P, Le Goff M, Ritchie
K, et al. Frailty among community-dwelling elderly people in France: the
three-city study. J Gerontol A Biol Sci Med Sci. 2008;63:1089-96.

Alvarado BE, Zunzunegui M-V, Béland F, Bamvita J-M. Life course social and
health conditions linked to frailty in Latin American older men and women.
J Gerontol A Biol Sci Med Sci. 2008;63:1399-406.

Santos-Eggimann B, Cuénoud P, Spagnoli J, Junod J. Prevalence of frailty in
middle-aged and older community-dwelling Europeans living in 10
countries. J Gerontol A Biol Sci Med Sci. 2009;64(6):675-81.

Cruz-Jentoft AJ, Baeyens JP, Bauer JM, Boirie Y, Cederholm T, Landi F, et al.
Sarcopenia: European consensus on definition and diagnosis: Report of the
European Working Group on Sarcopenia in Older People. Age Ageing. 2010;
39(4):412-23.

Miguel Rde C, Dias RC, Dias JM, da Silva SL, Menicucci Filho PR, Ribeiro TM.
Frailty syndrome in the community-dwelling elderly with osteoarthritis.

Rev Bras Reumatol. 2012;52(3):331-47.

Misra D, Felson DT, Silliman RA, Nevitt M, Lewis CE, Torner J, et al. Knee
Osteoarthritis and Frailty: Findings From the Multicenter Osteoarthritis Study
and Osteoarthritis Initiative. J Gerontol A Biol Sci Med Sci. 2015;70(3):339-44.
Drey M, Wehr H, Wehr G, Uter W, Lang F, Rupprecht R, et al. The frailty
syndrome in general practitioner care: a pilot study. Z Gerontol Geriatr.
2011,44(1):48-54.

van der Pas S, Castell MV, Cooper C, Denkinger M, Dennison EM, Edwards
MH, et al. European project on osteoarthritis: design of a six-cohort study
on the personal and societal burden of osteoarthritis in an older European
population. BMC Musculoskelet Disord. 2013;14(1):138.

Zhang W, Doherty M, Leeb BF, Alekseeva L, Arden NK, Bijlsma JW, et al. EULAR
evidence-based recommendations for the diagnosis of hand osteoarthritis:
report of a task force of ESCISIT. Ann Rheum Dis. 2009,68(1):8-17.

Zhang W, Doherty M, Peat G, Bierma-Zeinstra MA, Arden NK, Bresnihan B,
et al. EULAR evidence-based recommendations for the diagnosis of knee
osteoarthritis. Ann Rheum Dis. 2010;69(3):483-9.

Altman RD. Classification of disease: osteoarthritis. Semin Arthritis Rheum.
1991,20(6 Suppl 2):40-7.

Stel VS, Smit JH, Pluijm SM, Visser M, Deeg DJ, Lips P. Comparison of the
LASA Physical Activity Questionnaire with a 7-day diary and pedometer.

J Clin Epidemiol. 2004;57(3):252-8.

Wise BL, Parimi N, Zhang Y, Cawthon PM, Barrett-Connor E, Ensrud KE, et al.
Frailty and Hip Osteoarthritis in Men in the MrOS Cohort. J Gerontol A Biol
Sci Med Sci. 2014,69(5):602-8.

Walston J, Hadley EC, Ferrucci L, Guralnik JM, Newman AB, Studenski SA,

et al. Research agenda for frailty in older adults: toward a better
understanding of physiology and etiology: summary from the American
Geriatrics Society/National Institute on Aging Research Conference on
Frailty in Older Adults. J Am Geriatr Soc. 2006;54(6):991-1001.

29.

30.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Page 8 of 8

Lee S, Kim TN, Kim SH. Sarcopenic obesity is more closely associated with
knee osteoarthritis than is nonsarcopenic obesity: a cross-sectional study.
Arthritis Rheum. 2012;64(12):3947-54.

Edwards MH, van der Pas S, Denkinger MD, Parsons C, Jameson KA,
Schaap L, et al. Relationships between physical performance and knee and
hip osteoarthritis: findings from the European Project on Osteoarthritis
(EPOSA). Age Ageing. 2014;43(6):806-13.

van Saase JL, van Romunde LK, Cats A, Vandenbroucke JP, Valkenburg HA.
Epidemiology of osteoarthritis: Zoetermeer survey. Comparison of
radiological osteoarthritis in a Dutch population with that in 10 other
populations. Ann Rheum Dis. 1989;48(4):271-80.

Jordan JM, Helmick CG, Renner JB, Luta G, Dragomir AD, Woodard J, et al.
Prevalence of knee symptoms and radiographic and symptomatic knee
osteoarthritis in African Americans and Caucasians: the Johnston County
Osteoarthritis Project. J Rheumatol. 2007;34(1):172-80.

Lee JS, Auyeung TW, Leung J, Kwok T, Woo J. Transitions in frailty States
among community-living older adults and their associated factors. J Am
Med Dir Assoc. 2014;15(4):281-6.

Pahor M, Guralnik JM, Ambrosius WT, Blair S, Bonds DE, Church TS, et al.
Effect of structured physical activity on prevention of major mobility
disability in older adults: the LIFE study randomized clinical trial. JAMA.
2014;311(23):2387-96.

Cacciatore F, Della-Morte D, Basile C, Mazzella F, Mastrobuoni C, Salsano E,
et al. Long-term mortality in frail elderly subjects with osteoarthritis.
Rheumatology (Oxford). 2014;53(2):293-9.

Blaum CS, Xue QL, Michelon E, Semba RD, Fried LP. The association
between obesity and the frailty syndrome in older women: the Women's
Health and Aging Studies. J Am Geriatr Soc. 2005;53(6):927-34.
Sénchez-Garcia S, Sdnchez-Arenas R, Garcia-Pefa C, Rosas-Carrasco O,
Avila-Funes JA, Ruiz-Arregui L, et al. Frailty among community-dwelling
elderly Mexican people: Prevalence and association with
sociodemographic characteristics, health state and the use of health
services. Geriatr Gerontol Int. 2014;14(2):395-402.

Castell MV, Sdnchez M, Julidn R, Queipo R, Martin S, Otero A. Frailty
prevalence and slow walking speed in persons age 65 and older:
implications for primary care. BMC Fam Pract. 2013;14(1):86.

Villareal DT, Chode S, Parimi N, Sinacore DR, Hilton T, Armamento-Villareal R,
et al. Weight loss, exercise, or both and physical function in obese older
adults. N Engl J Med. 2011;364(13):1218-29.

Berg AO, US Preventive Services Task Force. U.S. Preventive services task
force. Behavioral counseling in primary care to promote physical activity:
recommendation and rationale. Am J Nurs. 2003;103(4):101-7.

Lopez HL. Nutritional interventions to prevent and treat osteoarthritis. Part I:
focus on fatty acids and macronutrients. PM R. 2012;4(5 Suppl):S145-54.

Submit your next manuscript to BioMed Central
and take full advantage of:

¢ Convenient online submission

¢ Thorough peer review

* No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

* Research which is freely available for redistribution

Submit your manuscript at
www.biomedcentral.com/submit

( BiolVied Central




	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study design and participants
	Study variables/ measures
	Clinical osteoarthritis

	Potential co-variables
	Country covariate

	Statistical methods

	Results
	Discussion
	Conclusion
	Significance and innovations

	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References



