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Summary. Musculoskeletal conditions such as rheumatoid arthritis (RA) and symptomatic osteoarthritis (OA) 
were the leading cause of disability in developed countries and disproportionately affects older adults. Frailty is 
an emerging concept in rheumatology, which represents an important construct to aid in the identification of in-
dividuals who are vulnerable to adverse events and less favourable outcomes. The prevalence of frailty among the 
community-dwelling population increases with age: it ranges from 7% to 10% in those aged over 65 years and 
to 20–40% among octogenarians. Among patients with RA, the prevalence of frailty is comparable to, or even 
greater, that of older geriatric cohorts and pre-frailty, a condition including a major health vulnerability between 
robust and frail, is much more prevalent in RA than in geriatric cohorts.  Clinical OA is also associated with 
frailty and pre-frailty in older adults in European countries. The overall prevalence of clinical OA at any site was 
30.4%; frailty was present in 10.2% and pre-frailty in 51.0 %. The diagnosis of frailty is usually clinical and based 
on specific criteria, which are sometimes inconsistent. Therefore, there is an increasing need to identify and vali-
date robust biomarkers for this condition. In the literature, different criteria have been validated to identify frail 
older subjects, which mainly refer to two conceptual models: the Physical Frailty (PF) phenotype proposed by 
Fried and the cumulative deficit approach proposed by Rockwood. The purpose of this review was to quantita-
tively synthesize published literature on the prevalence of frailty in RA and OA and summarize current evidence 
on the validity and practicality of the most commonly used screening tools for frailty. (www.actabiomedica.it)
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Introduction

In recent years, frailty, often defined as “a biologic 
syndrome of decreased reserve and resistance to stress-
ors, resulting from cumulative declines across multiple 
physiologic systems, and causing vulnerability to ad-
verse outcomes” (1) has emerged as a significant area 
of research in rheumatology (1-5). It affects the quality 
of life, morbidity, and mortality and results in consid-
erable medical and public expense such that it is now 
seen as one of the major challenges for health services 
(6-9). 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 implementation of early interventions 
(10,11).  In the literature, different criteria have been 
validated to identify frail subjects, which mainly refer 
to two conceptual models: the Physical Frailty (PF) 
phenotype proposed by Fried (1), and the cumulative 
deficit approach proposed by Rockwood (10-12).

Both models have received empirical validation, 
Fried et al. suggested that whilst each dysfunction on 
its own might be minor, it was the summation and in-
teractive effects that created the syndrome (1). Frailty 
in community-dwelling adults, in geriatric medicine 
(13), and increasingly in other disciplines (14-16) was 
first characterised as a physical phenotype based on five 
physical components: weight loss, exhaustion, weak-
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ness, slow gait speed, and low levels of physical activity 
(1). People who meet none of these criteria are classi-
fied as “robust”, those who meet one or two criteria as 
pre-frail, and those who meet three or more criteria 
as frail. In contrast, frailty can also be diagnosed us-
ing models counting deficits across multiple domains 
such as the Frailty Index (12,17). Rockwood et al. de-
fined frailty as a complex, multidimensional disorder 
related to accumulated deficits, involving the loss of 
reserves, including energy, physical ability, cognition, 
and health, increasing the individual’s vulnerability to 
adverse outcomes (18). Individuals with few deficits 
are considered relatively fit, while those with a greater 
number of health problems are considered increasingly 
frail and thus more vulnerable to adverse outcomes.

Prevalence of frailty at the population level

The prevalence of frailty varied more than fivefold, 
from 4.9 to 27.3 % (19). It was the lowest in Taiwan 
(4.9%), Switzerland (5.8 %), Ireland (6.0 %), and the 
USA (6.9 %) and the highest in southern European 
countries, Spain (27.3 %), Italy (23.0 %), France (15.0 
%), and Greece (14.7 %). An European-wide study, the 
Survey of Health, Aging and Retirement in Europe 
(SHARE) which included more than 85,000 individu-

als aged over 65 years reported an average prevalence of 
17 % (range 5.8–27.3 %) (20). A systematic review of 
frailty prevalence in a community population (21) re-
ported the range to be 4.0%, independently mobile men 
over 65 (22), to 59.1%, community-dwelling Dutch 
older than 70 (23). According to another review, the 
mean prevalence of frailty in Latin America and Carib-
bean older people is even higher, 22–35% in men and 
30–48% in women (24). In Japan, the prevalence of 
frailty in a community-dwelling older people was 24.3% 
for men and 32.4% for women, and increased for age > 
80 years to 45.3 % for men and 50 % for women (25). In 
a study of 6 Canadian intensive care unit (ICUs), nearly 
33% of patients met criteria for frailty (26). Observed 
in-hospital and 1-year mortality was significantly high-
er in those who were frail (32% vs 16% and 48% vs 25%, 
respectively) (26). The prevalence of frailty in those over 
85 years of age was 26.1 %. Women were almost twice 
as likely as men to be frail (21).  

In Italy, pooled prevalence in community studies 
was 15% for ten studies that included patients aged ≥ 
65 years (Table I). It has been demonstrated the close 
relationship between frailty and psychosocial factors, 
suggesting the need to take into account simultaneously 
physical and psychosocial components of human func-
tioning (27). As expected we found significant hetero-
geneity between studies in keeping with marked differ-

Table I. Characteristics of studies reporting prevalence rates of frailty at population level in ADVANTAGE Joint Action ( JA) in 
Italy. Adapted from O’Caoimh R et al. “Prevalence of frailty at population level in European ADVANTAGE Joint Action Member 
States: a systematic review and meta-analysis” Ann Ist Super Sanita. 2018
Source Frailty 

prevalence
Number of 
participant

Setting Frailty definition Age (Years) Women (%)

Ble et al. 6.5 827 Community CHS ≥65 54.0

Gallucci et al. 16.3 668 Community Other ≥70 53.4

Bilotta et al. 38.0 302 Geriatric Clinic, 
Hospital

SOF ≥65 71.0

Solfrizzi et al. 7.6 2581 Community CHS 65-84 45.2

Forti et al. 7.2 766 Community SOF ≥65 53.4

Roppollo et al. 12.7 267 Community CHS ≥65 59.9

Veronese et al. 10.0 1754 Community CHS ≥65 64.0

Santos Eggiman et al. 23.0 833 Community SHARE-FI ≥65 Not reported

Liotta et al. 21.5 1331 Community Other ≥65 54.2

Mulasso et al. 14.0 210 Community Other ≥65 66.0

Abbreviations: Cardiovascular Health Study (CHS); Study of Osteoporotic Fractures (SOF) Index; Survey of Health, Ageing and 
Retirement in Europe Frailty Instrument (SHARE-FI)
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ences in the inclusion criteria; this has importance given 
that no single consensus definition of frailty is as yet 
accepted and the two most commonly used methods to 
define the syndrome, the Frailty Index and the Frailty 
Phenotype, while complementary, are not interchange-
able, given that they measure different constructs.

Insights from the epidemiology of frailty and mus-
culoskeletal disorders

Frailty is closely linked to musculoskeletal health.
Musculoskeletal functioning is a key component on 
quantification of frailty, at the same time, frailty is as-
sociated with the most common age-related disease 
conditions such as rheumatoid arthritis (RA) and os-
teoarthritis (OA) (28-29). Many published studies on 
frailty in multiple rheumatic disorders have provided 
insight into the overlap between frailty and musculo-
skeletal health, including proposed pathogenic mecha-
nisms and recommended interventions to prevent or 
ameliorate frailty (2,3,22,30,31). The overall preva-
lence and knowledge of factors that influence frailty 
in musculoskeletal disorders (MSD), however, are 
reported with considerable inconsistency across stud-
ies and have not been effectively synthesized through 
prior narrative reviews. Additionally, recent scientific 
statements have recommended a formal frailty assess-
ment as a critical element in determining the care of 
adults with rheumatic diseases.

Rheumatoid arthritis
The overall prevalence of RA, in a large sample 

of the Italian population, is estimated to be of 0.46% 
(28,29). Its incidence continues to increase with age 
at least into the seventh decade of life and possibly 
beyond (32,33). It was reported that the cumulative 
lifetime risk of developing RA is <1% before 50 years 
of age, but greatly increases for both genders starting at 
approximately 60 years of age and then plateaus after 
80 years of age.  

There have been few reports of the prevalence 
of frailty in patients with RA (4). Broadening un-
derstanding of the determinants of frailty in RA are 
necessary because, even as the therapeutic armamen-
tarium for RA continues to grow, individuals with RA 

continue to commonly experience physical disability 
and reduced health-related quality of life (32,33,35-
37). Disease severity, functional disability, age, and 
socioeconomic status are the most relevant predictors 
of cost increase in RA (35). RA is a systemic auto-
immune disease characterized by chronic synovial 
joint inflammation, with restriction of the joint mo-
bility and deformities by leading to cartilage destruc-
tion, bone erosion, and impairment in joint integrity 
and, consequently, reduction in physical function and 
patient’s quality of life (38,39). RA predisposes in-
dividuals to many of the factors that comprise the 
Fried definition of frailty (40), including sarcopenia, 
fatigue, and low activity (4,41-45). Sarcopenic obesity, 
the combination of low lean mass and high-fat mass, 
is associated with frailty in older adults (46). In RA, 
sarcopenic obesity is common and is associated with 
worse physical function (41). Thus, in chronic inflam-
matory conditions such as RA, it is possible that other 
definitions of frailty, accounting for both obesity and 
sarcopenia, may have greater relevance and stronger 
associations with clinical outcomes. The odds ratio for 
frailty or pre-frailty was 3.1-fold higher with sarcope-
nia than without sarcopenia. The prevalence of frailty 
among this RA cohort is comparable to, if not greater 
than, that of older geriatric cohorts (2,4,22,47). It was 
reported to be just 23.4% by Barile-Fabris et al. (48), 
12.9% by Andrews et al. (2) 15% by Haider et al (3) 
and 16.6% by Salaffi et al. (4). More recently, Tada et al 
(49) reported that prevalences of frailty, pre-frailty and 
normal in RA patients were 18.9%, 38.9% and 42.2%. 
Pre-frailty is more prevalent (69%) in RA cohorts than 
in geriatric cohorts (40–55%) (22,31). Among the RA 
cohort studied by Andrews et al. (2), the prevalence of 
frailty was 13%, compared with an average prevalence 
of 4–11% in geriatric cohorts that are at least 10 years 
older (22,31). The prevalence of frailty observed in an 
RA cohort is greater than those observed in elderly pa-
tients with OA (10%) (50), and is comparable to that 
observed in patients with chronic obstructive pulmo-
nary disease (COPD) (51). In our cohort, with an av-
erage age of 60 years old, the prevalence of frailty was 
16.6%, and pre-frailty was also comparable (32.4%) to 
that of geriatric cohorts (4,22,31). Our investigation of 
the individual components of frailty in RA has dem-
onstrated an association with age, disease activity and 
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comorbidity burden (4).

Symptomatic osteoarthritis (OA) 
OA is the most prevalent chronic joint disease in 

the world and one of the most common sources of pain 
and disability in the elderly (52). OA of the knee and 
hip, affected 7.5–40% of the population by the age of 65 
years (28,53-56). They are a major cause of pain and dis-
ability among the elderly (9,54), and pose a significant 
economic burden on the community (53-55). Some 
studies have found a relationship between OA and frail-
ty, using different diagnostic criteria in both processes 
(57,58), and knee OA has been shown to be associated 
with a greater prevalence and risk of developing frailty 
(58). The results from the European Project on OS-
teoArthritis (EPOSA) across six European countries 
shown that the frailty was present in 10.2 % of the pop-
ulation, ranging across countries from a prevalence of 
5.6 % in Germany and Sweden to 15.4 % in the UK (p 
< 0.001). The overall prevalence of pre-frailty was 51.0 
%. Both frailty and pre-frailty were higher in women 
and increased with age in both sexes, with frailty reach-
ing 26.1 % in women aged 80 and over. The Survey of 
Health, Ageing and Retirement in Europe (SHARE) 
(58), which compared frailty across 10 European coun-
tries, found a much higher prevalence in the Mediterra-
nean countries (Italy and Spain) and a lower prevalence 
in Nordic countries like Sweden.

A cross-sectional analysis in the Canadian Study 
of Health and Aging-Wave found that with the pres-
ence of knee pain compared with mild or no knee pain, 
the risk of developing prefrailty or frailty was higher 
by two-fold and five-fold, respectively, in community-
dwelling older adults (59). The recognition that frailty 
and pain coexist has the potential to improve patient 
care for both conditions. Lee et al. examined the frailty 
status and associated factors in older Chinese adults 
(60). The study suggested that age and knee OA were 
strongly associated with frailty status. Another study 
revealed that the incidence of frailty was significantly 
influenced by marital status (61). Recently, Bindawas 
et al. (31), showed that knee pain (particularly bilat-
eral knee pain) is associated with an increased risk 
of developing prefrailty and frailty over time. After 
adjusting for age, sex, race, education, marital status, 
smoking status, comorbidities, and body mass index, 

unilateral knee pain at baseline was associated with an 
increased odds of developing pre-frailty (OR = 1.14) 
and frailty (OR = 1.89), and bilateral knee pain at base-
line was also associated with an increased risk of pre-
frailty (OR = 1.41) and frailty (OR = 2.21) over time, 
in comparison with no knee pain. A larger proportion, 
i.e. 22.4% of persons with hip or knee OA, was consid-
ered frail using Fried’s Frailty Phenotype in a Brazilian 
study (57). Highly effective treatment for end-stage 
OA is arthroplasty surgery (62). At present, 83% of 
the patients receiving total hip arthroplasties (THA) 
and 79% of patients receiving total knee arthroplas-
ties (TKA) are older than 60 years of age. As frailty is 
highly prevalent in the elderly, a considerable propor-
tion of patients are likely undergoing THA or TKA 
(11).  It is generally acknowledged that frailty hampers 
the ability to resist stressors, leading to vulnerability 
for adverse outcomes after surgery (63,64). One-third 
(33.3%) of the patients undergoing THA and a quar-
ter (24.1%) of those undergoing TKA are frail (65).

Overlaps between frailty and sarcopenia

Sarcopenia is a very common, but frequently 
overlooked and undertreated geriatric disease, defined 
as the as a syndrome characterized by progressive and 
generalized loss of skeletal muscle mass and strength 
with a risk of adverse outcomes such as physical dis-
ability, poor quality of life and death (66,67). The term 
‘‘sarcopenic obesity’’ has been used to describe a sub-
group of sarcopenic individuals with a high percent-
age of body fat (68). Similar to the frailty phenotype, 
the European Working Group on Sarcopenia in Older 
People (EWGSOP) recommend categorizing sarco-
penia into pre-sarcopenia, sarcopenia, and severe sar-
copenia, depending on the presence of certain criteria. 
They suggest that the pre-sarcopenia stage is charac-
terised by a low muscle mass with preserved muscle 
strength (grip strength) and normal physical perfor-
mance (gait speed). The sarcopenia stage is defined as 
low muscle mass and either diminished grip strength 
or gait speed, whereas severe sarcopenia adds up all 
three factors (66). Even conservative estimations sug-
gest that sarcopenia affects more than 50 million peo-
ple today and will affect more than 200 million people 
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in the next 40 years (66). Progressive loss of muscle 
mass begins as early as 40 years of age and has been 
estimated at about 8.0% per decade until the age of 
70 years. Applying the EWGSOP definition of sar-
copenia in a community-dwelling population (the 
UK-based Hertfordshire Cohort Study), researchers 
reported that sarcopenia was present in 4.6% of men 
and 7.9% of women at a mean age of 67 years (69). 
After reaching 70, this loss increases to 15.0% every 
decade (70) and can eventually result in a 50.0% loss 
in muscle mass by the age of 80 (71). Musculoskeletal 
disorders, such as osteoporosis, RA and OA, are close-
ly associated with sarcopenia (47,72). Muscle changes 
that occur over time are associated with considerable 
risk of falls, loss of independence in these patients and 
hospitalization with poorer health outcomes, this con-
dition is therefore associated with increased morbidity 
and health care costs (73).  

The relationship between frailty and sarcopenia is 
not yet fully characterised but these conditions share 
many of the same clinical outcomes, associations and 
suggested pathophysiology. While the two condi-
tions, sarcopenia and frailty, are closely related, it may 
be seen that sarcopenia is a key component of frailty; 
most frail older people exhibit sarcopenia, and some 
older people with sarcopenia are also frail. The EW-
GSOP consensus discussed the frailty concept and its 
overlap with sarcopenia. It recognized that frailty is a 
multidimensional concept characterised by deficits in 
multiple organ systems, i.e. psychological, cognitive, 
and/or social support and other environmental factors, 
as well as physical limitations (66). Both conditions 
may be considered as being geriatric syndromes with 
multifactorial causes, both increasing the risk of seri-
ous disability with consequent and strong impact on 
healthcare costs. Sarcopenia is reported to be twice as 

common as frailty in the general population (74). The 
prevalence of both conditions is dependent on popula-
tion and definition. Thus, one of the major challenges 
of geriatric medicine is to recognize these conditions 
as soon as possible and to halt (or slow) the downward 
spiral of increasing comorbidity and frailty.

Frailty screening tools

Several instruments have been developed to 
measure frailty as part of a stepwise assessment of vul-
nerability. To identify studies reporting frailty meas-
urements in musculoskeletal disorders, EMBASE and 
PubMed databases were consulted. Search terms were 
broadly set as: ‘frail elderly’, and ‘Rheumatologic As-
sessment/methods’. The initial search was performed 
in November 2019 and was restricted to studies pub-
lished between January 2010 and November 2019. 
Studies prior to 2009 were not included, because it 
was considered that if a frailty measurement had not 
been discussed in the literature in the past five years, 
then it was unlikely to have been recently used. The 
search was limited to English language articles. Titles 
and abstracts were screened against the inclusion crite-
ria. Only full research papers and review articles were 
considered. 
In the literature, different criteria have been validated 
to identify frail older subjects, which mainly refer to 
two conceptual models: PF phenotype proposed by 
Fried (1), and cumulative “Index Method” proposed 
by Rockwood (12). These two instruments are indeed 
very different and should rather be considered as com-
plementary (Table II). Both models have received em-
pirical validation and there is no agreement on how 
to best measure it. Therefore, compared with the phe-

Table II. Main characteristics of the frailty phenotype and the frailty Index of accumulative deficits.

Frailty phenotype Frailty index of accumulative deficit

Signs, symptoms Diseases, activities of daily living, results of a clinical evaluation

Possible before a clinical assessment Doable only after a comprehensive clinical assessment

Categorical variable Continuous variable

Pre-defined set of criteria Unspecified set of criteria

Frailty ass a pre-disability syndrome Frailty as an accumulation of deficits

Meaningul results potentially restricted to non-disabled  
lder persons

Meaningful results in every individual, independently of functional 
status or age
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notypic approach, the cumulative deficit approach is 
more time-consuming. Besides, weighting items of-
ten improves the (retrospective) predictive power of 
a frailty index within any given dataset, but specific 
weightings preclude generalizability to other popula-
tions (75). At the population level, PF has been ap-
plied to data from large-scale health surveys in Canada 
(18), the United States (76) and Hong Kong (77). 

Frailty Phenotype
Frailty Phenotype is a popular measurement of 

frailty. It is based on a pre-defined set of five criteria 
exploring the presence/absence of signs or symptoms 
(i.e. involuntary weight loss, exhaustion, slow gait 
speed, poor handgrip strength, and sedentary behav-
iour). The number of criteria (a 6-level ordinal vari-
able ranging from 0 to 5) is categorised into a 3-level 
variable depicting robustness (none of the criteria), 
pre-frailty (one or two criteria) and frailty (three or 
more criteria). The frailty phenotype can be applied at 
the first contact with the subject and does not need 
a preliminary clinical evaluation. Therefore, it may 
serve for the initial risk stratification of the popula-
tion according to different profiles (i.e. robust, pre-frail 
and frail). Yet, the frailty phenotype does not provide 
any indication about preventive or therapeutic inter-
ventions to put in place. By being composed of very 
general signs or symptoms, it can mainly rise an ‘alert’ 
about a possible problem. Such alert cannot generate 
immediate preventive or therapeutic interventions be-
cause no information is available about the underlying 
causes of the condition of risk. For example, it would 
be improper to treat involuntary weight loss or slow 
gait speed without knowing the underlying causal 
conditions.  Some of the examples of these tools are 
the following: the Fried’s phenotype method (FRAIL) 
Questionnaire (1), the Survey of Health, Ageing and 

Retirement in Europe Frailty Instrument (SHARE-
FI) (17), the Short Performance Physical Battery 
(SPPB) (78), and the Gérontopôle Frailty Screening 
Tool (GFST) (79).

Fried’s phenotype method (FRAIL) Questionnaire
The Fried’s phenotype method (FRAIL) ques-

tionnaire screening tool classifies older adults as frail, 
pre-frail or non-frail based on five criteria (which en-
compasses general weight loss and sarcopenia), weak-
ness, exhaustion/endurance, slowness, and low physi-
cal activity (1) (Table III). For each of the criteria, the 
participant was classified as frail or not frail, using the 
following cut-offs: 1) weight loss: more than 10 lbs lost 
unintentionally in the last year; 2) exhaustion: partici-
pants stating that they felt that everything they did was 
an effort or that they could not get going (from the 
CES-D Depression Scale) a moderate amount of the 
time or most of the time; 3) physical activity (Min-
nesota Leisure Time Activity Questionnaire): energy 
expenditure <383 kcal per week for men and <270 kcal 
per week for women; 4) walk time (15-ft walk): ≥7 sec 
(men height ≤  173 cm, women height ≤  159 cm) or 
≥6 sec (men height >173 cm, women height >159 cm); 
5) grip strength ( Jamar Dynamometer, Layfayette In-
struments, USA) (average of three trials): ≤29– 32 kg 
for men (stratified by BMI classifications) and ≤17– 21 
kg for women (stratified by BMI classifications) (1). If 
the participant is unable to answer any questions due to 
memory problems, the accompanying legally author-
ized representative provided an answer, which is the 
approach used in other studies (80). Participants were 
instructed to use an assistive ambulatory aid for the 
walk test if aid was used in their normal routine. Frail 
participants scored below the cut-offs for three or more 
criteria, pre-frail participants scored below the cut-offs 
for one or two criteria, and non-frail participants did 

Table III. Characteristics of the Simple FRAIL Questionnaire.

Screening tool Measurement method Criteria for frailty

Simple FRAIL Questionnaire 1. Fatigue: are you fatigued? Frail: ≥3

2. Resistance: cannot walk up 1 flight of stairs? Pre-frail: 1or 2
3. Aerobic: cannot walk 1 block?

4. Illness: do you have more than 5 illness?

5. Loss of weight: have you lost more than 5% of your weight in the past 6 months?
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not score below the cut-offs for any criteria (1).

Survey of Health, Ageing and Retirement in Europe 
Frailty Instrument (SHARE-FI)

The Survey of Health, Ageing and Retirement in 
Europe Frailty Instrument (SHARE-FI) was created 
as per the standard procedure (17). In SHARE-FI, 
the frailty score and the cut-offs for the definition of 
the frailty categories (i.e. non-frail, pre-frail and frail) 
are based on latent variable modelling, and not on 
Fried et al.’s rule (also in use by Santos-Eggimann et 
al.) based on the number of criteria met: ≥ 3 criteria: 
frail; 1 or 2 criteria: pre-frail; 0 criteria: non-frail. The 
variables previously selected by Santos-Eggimann et 
al. were used (11). In particular, exhaustion was iden-
tified with the question: “In the last month, have you 
had too little energy to do the things you wanted to 
do?”. A positive answer coded as 1, a negative an-
swer as 0.  The weight loss criterion was identified 
by reporting a “Diminution in desire for food” in re-
sponse to the question: “What has your appetite been 
like?” or, in the case of a non-specific or uncodeable 
response to this question, by responding “Less” to the 
question: “So, have you been eating more or less than 
usual?”. The presence of the criterion was coded as 1, 
its absence as 0.  Weakness was assessed by handgrip 
strength using a grip device. Slowness was defined as 
a positive answer to either of the following two items: 
“Because of a health problem, do you have difficulty 
[expected to last more than 3 months] walking 100 
metres?” or “... climbing one flight of stairs without 
resting?”. One or two positive answers were scored 1, 
and two negative answers were scored 0. The low ac-
tivity criterion was evaluated by the question: “How 
often do you engage in activities that require a low or 
moderate level of energy such as gardening, cleaning 
the car, or doing a walk?”. This variable was kept ordi-
nal: 1 = “More than once a week”; 2 = “Once a week”; 
3 = One to three times a month” and 4 = “Hardly 
ever or never”. The parameters above mentioned al-
lowed the calculation of the SHARE Frailty Instru-
ment (SHARE-FI), its calculators (one for each sex) 
are freely accessible on web. The SHARE-FI calcula-
tors (one for each sex) are freely accessible on BMC 
Geriatrics (http://www.biomedcentral.com/1471-
2318/10/57/additional), and translated versions can 

be accessed on https://sites.google.com/a/tcd.ie/
share-frailtyinstrument- calculators/. When data is 
entered into the calculator, the tool provides a con-
tinuous frailty score (i.e. the predicted discrete factor 
score, whose formulae are in the paper) and enables 
automatic classification into phenotypic frailty cat-
egories: non-frail, prefrail and frail. SHARE-FI may 
contribute to quality in primary care by offering a 
quick and reliable way to assess and monitor frailty 
in community dwelling individuals over the age of 50 
and prioritise their access to resources, and it serves 
as a novel tool for audit and research (81).

Short Performance Physical Battery (SPPB)
The Short Performance Physical Battery (SPPB) 

consists of three assessments: 1) repeated chair stands; 
2) balance tests (side-by-side, semi-tandem and tan-
dem balance tests); 3) an eight-foot walk test (78). 
Similar to Fried’s phenotype method, the participant’s 
scores on each component of the battery were com-
pared to normative data and a score between zero and 
four was determined for each component. If partici-
pants were unable to complete a component of the 
test, a score of zero was given for that component. A 
final summary performance score out of 12 is calcu-
lated, with higher scores indicating superior lower ex-
tremity function (78). Regarding the threshold score 
for frailty, community-dwelling older adults who score 
≤ 9 on the SPPB are most likely to be classified as frail 
(82) and are at risk of losing the ability to walk 400 
m (83) (predictive validity). An SPPB score of ≤9 has 
the most desirable sensitivity (92%), specificity (80%) 
and the greatest area under the curve (AUC =0.81) for 
identifying frail adults (84).  To classify participants 
as frail, pre-frail and non-frail, the following cut-offs 
were used: SPPB zero–six (frail), SPPB seven– nine 
(pre-frail), SPPB 10–12 (non-frail) (85).

Gérontopôle Frailty Screening Tool (GFST)
The Gérontopôle Frailty Screening Tool (GFST) 

is designed for early recognition of frailty in commu-
nity-dwelling older people and shows good potential 
as a frailty screening tool (85). It comprises two steps: 
a questionnaire is performed first, followed by a cli-
nician’s judgement of frailty status. The questionnaire 
includes six components: living alone, involuntary 
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weight loss, fatigability, mobility, memory complaints 
and slow gait speed (≥4 s for 4 m), with all question-
naire components having three potential answers: yes/
no/unknown (85). (Table IV). No reliability studies 
have yet been performed on the GFST and its pre-
dictive ability has not yet been established. Validation 
studies of the GFST also need to be performed cross-
culturally.

Frailty index of accumulative deficits
The Frailty Index (FI) of Accumulative Deficits 

(FI-CD) was first proposed by Rockwood and Mit-
nitski as a way to incorporate the multidimensional 
nature of frailty into an operational definition (86). 
The FI-CD is composed of a long checklist of clinical 
conditions and diseases. The conceptual design of this 
index deems as more important the deficit accumula-
tion. It has been reported that estimates of risk are 
robust when a minimum of 50 items are considered, 
but shorter versions (as low as 20 conditions) have 
also been explored. Although the FI has sometimes 
been categorised to mirror dichotomous conditions 
(e.g. robustness versus frailty), its major distinctive 
trait resides in its continuous nature. It is evident 
that the FI-CD is inapplicable at the first contact 
with an individual because it can only be generated 
after (or in parallel with) a comprehensive geriatric 
assessment. Once completed, the FI then becomes 
extremely informative for the continuous follow-
up of the subject. In fact, the FI-CD is likely more 
sensitive to modifications than the categorical frailty 
phenotype. Thus, the FI may be a more useful tool 
to ascertain the effectiveness of any intervention and 
to describe the health status trajectories over time. 

Despite its many positive attributes, the FI-CD does 
have its limitations: it can be time consuming to cal-
culate and its mathematical nature, although simple, 
renders it unpopular clinically (87). 
Among the many FI-CD that are included in this 
category of instruments are the following: the Gro-
ningen Frailty Indicator (GFI) (88), the Edmonton 
Frail Scale (EFS) (89), the Comprehensive Geriatric 
Assessment (CGA) (90), the Canadian Community 
Health Survey-based frailty index (CCHS) (91), the 
Tilburg Frailty Indicator (TFI) (92), the PRISMA-7 
questionnaire (93), the Frailty Index for Elders (FIFE) 
(94), the Vulnerable Elders Survey (VES) (95), the 
Frailty and Autonomy Scoring Instrument of Leu-
ven (FRAIL) (96), the Frailty Staging System (FSS) 
(97), the Comprehensive Frailty Assessment Instru-

Table IV. The Gérontopôle Frailty Screening Tool (GFST).

Question Yes No Unknown

Is your patient living alone? o o o
Involountary weight loss in the past 
3 months?

o o o

Fatigability during the last 3 
months?

o o o

Mobility difficulties for the last 3 
months?

o o o

Memory complaints? o o o

Slow gait speed (+4s for 4 meters?) o o o

Table V. The Groningen Frailty Indicator (GFI).

Are you able to carry out these tasks single-handed without 
any help? (The use of aids such as a walking stick, walking 
frame, wheelchair, is considered as independent)
1. Shopping,

2. Walking around outside (around the house or to the 
neighbours)

3. Dressing and undressing

4. Going to the toilet

5. What score do you give yourself for physical fitness? 
(scale 0 to 10)

6. Do you experience problems in daily life due to poor vi-
sion?

7. Do you experience problems in daily life due to poor 
hearing?

8. During the last 6 months (6 kg) have you lost a lot of 
weight unwillingly? (or 3 kg in 1 month)

9. Do you take 4 or more different types of medicine?

10. Do you have any complaints about your memory?

11. Do you sometimes experience an emptiness around you?

12. Do you sometimes miss people around you?

13. Do you sometimes have the feeling of being left alone?

14. Have you recently felt downhearted or sad?

15. Have you recently felt nervous or anxious?

Scoring:

Independent=0; dependent=1

0–6=1; 7–10=0

No=0; Yes=1

No or sometimes=0; Yes=1

No=0; sometimes or Yes=1
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ment (CFAI) (98), the Maastricht Frailty Screening 
Tool for Hospitalised Patients (MFST-HP) (99), the 
Kihon Checklist (KCL) (100), the Short screening 
instrument (FRESH-screening) (101), and QFrailty 
score (6).

Groningen Frailty Indicator (GFI)
The Groningen Frailty Indicator (GFI) is a 

widely used frailty measurement developed in the 
Netherlands, with moderate internal consistency 
and adequate discriminative ability (88). It contains 
15 dichotomous self-reported items, comprising of: 
physical factors (independence in shopping, walking, 
dressing, toileting; physical fitness, vision, hearing; 
weight loss and polypharmacy); a cognitive com-
ponent (memory issues); social factors (emptiness, 
missing others, feeling abandoned); and a psycho-
logical component (feeling downhearted or sad; feel-
ing nervous or anxious) (Table V). Frailty by GFI is 
classified on a spectrum ranging from a score of 0 

(normal activity without restriction) to 15 (complete-
ly disabled), with scores ≥4 indicative of frailty (102). 
The GFI shows good feasibility and reliability as a 
frailty measurement (102). Studies of the GFI have 
been predominantly been confined to the Nether-
lands, and cross-cultural validation studies are required.

Edmonton Frail Scale (EFS)
The Edmonton Frail Scale (EFS) is a valid and 

reliable measurement tool for the identification of 
frailty in the hospital setting (89). The EFS is scored 
out of 17, and contains nine components: cognition, 
general health status, self-reported health, functional 
independence, social support, polypharmacy, mood, 
continence and functional performance (89) (Table 
VI). Component scores are summed, and the following 
cut-off scores used to classify frailty severity: not frail 
(0–5); apparently vulnerable (6–7); mildly frail (8–9); 
moderately frail (10–11) and severely frailty (12–17) 
(95). A frailty state was assigned to participants with 

Table VI. The Edmonton Frail Scale (EFS) for the identification of frailty.

Frailty Domain Item 0 Point 1 Point 2 point

Cognition
Please imagine that this pre-dawn circle is a clock. I would like you 
to place the numbers in the correct positions then place the hands to 
indicate a time of “ten after eleven” 

No errors
Minor 
spacing
errors

Other 
errors

General health 
status

In the past year, how many times have you been admitted to a hospital? 0 1-2 ≥2
In general, how would you describe your health? Excellent/Very 

good/Good
Fair Poor

Functional 
independence

With how many of the following activities do you require help: meal 
preparation, shopping, transportation, telephone, housekeeping, laun-
dry, managing money, taking medications?

0-1 2-4 5-8

Social support
When you need help, can you count on someone who is willing and 
able to meet your needs?

Always Sometimes Never

Medication use
Do you use five or more different prescription medications on a 
regular basis?

No Yes

At times, do you forget to take your prescription medications? No Yes

Nutrition
Have you recently lost weight such that your clothing has become 
looser?

No Yes

Mood Do you often feel sad or depressed? No Yes

Continence
Do you have a problem with losing control of urine when you don’t 
want to?

No Yes

Functional 
performance

I would like you to sit in this chair with your back and arms rest-
ing. Then when I say “Go”, please stand up and walk at a safe and 
comfortable pace to the mark on the floor (approximately 3m away), 
return to the chair and sit down

0-10 
seconds

11-20 s
econds

>20 seconds, 
patient unwill-
ing or requires 

assistance
Total Final score is the sum of column totals /17
Scoring the Reported Edmonton Frail Scale (…./17):
Not Frail 0-5; Apparently vulnerable 6-7; Mild Frailty 8-9; Moderate frailty 10-11; Severe frailty 12-17
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scores of 8 or greater (103). In a community-based 
sample, it was a valid measure compared to the clini-
cal impression of geriatric specialists (89). The EFS 
has been shown to predict complications and adverse 
outcomes among elderly patients undergoing elective 
surgery and admitted to the hospital for the acute cor-
onary syndrome (104).

Comprehensive Geriatric Assessment (CGA) 
The Comprehensive Geriatric Assessment 

(CGA) is a multidisciplinary and multidimensional 
assessment (90). CGA is designed as both a diagnos-
tic tool and a tool to develop treatment plans. CGA 
is more than an assessment process of an individual; 
it is an intensive interdisciplinary process to assess 
the functional status of the elderly; it is used to de-
velop a coordinated plan to maximize their overall 
health. It consists of 15 questions covering three do-
mains: functional status (seven questions on ADL 
and IADL); cognitive status (four questions from the 
Mini-Mental State Examination (MMSE); and de-
pression (four questions from the Geriatric Depres-
sion Scale (GDS)-15) (Table VII). A cut-off value 
for each domain was identified to indicate whether a 
more elaborate assessment was needed: namely, scores 

of ≥1 for ADL and IADL; ≤6 for the MMSE; and ≥2 
for the GDS-4. The information from these assess-
ments forms the management plan which involves 
specific treatment goals that are patient and carer 
focused. Further assessment of frailty was needed if 
a positive score was identified in one of the aCGA 
domains (105). A meta-analysis of CGA in hospitals 
in 2011 identified 22 randomised trials with a total 
of 10,315 older patients included. This reported that 
older patients receiving CGA in hospital increased 
the chance of being alive or in their own home at six 
months by 25% (106).

Canadian Community Health Survey-based frailty in-
dex (CCHS)

The original Canadian Community Health Sur-
vey-based frailty index (CCHS) contained 30 deficits 
and a scoring algorithm for different levels of each 
deficit. Deficits included self-rated health, body mass 
index, change in health status, and function related 
to vision, hearing, mobility, cognition, pain, and so 
on among other items (91). The index was created 
according to established criteria for creating frailty 
indices from existing survey data (17). CCHS is a 
frailty rating score and ranges from very fit to severe-

Table VII. Main characteristics of Comprehensive Geriatric Assessment (CGA).

Test Evaluated issue Current way of Assessment
Score’s range

Functional Tests

Barthel index Performance on the basic activities Face to face interview 0-100

Lawton index
Performance on instrumental activities (more complex 
than basic activities)

Face to face interview 0-8 (F) 0-5 (M)

Time Up and Go test Gait and balance Visual observation Time (seconds)

Tinetti test Gait Gait Visual observation 0-9

Tinetti test Balance Balance Visual observation 0-26

Mental Tests

Pfeiffer test Screening test for dementia Face to face interview 0-10

MMSE TEST Screening test for dementia Face to face interview 0-30

Yesavage test Screening test for depression Face to face interview 0-15

Social Test

Zarit test Caregiver’s emotional burden Face to face interview 0-88

Clinical Tests

Face Pain Scale Pain intensity Face to face interview 0-6

Analalogic Visual Scale Pain intensity Face to face interview 0-10
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ly frail. The original validation exercise determined 
that “frail” was defined as a score above 0.21. An ad-
ditional “pre-frail” category emerged between scores 
0.10 and 0.21 (91). 

Tilburg Frailty Indicator (TFI)
The Tilburg Frailty Indicator (TFI) is a self-

administered questionnaire developed in the Nether-
lands during 2010 (92). Three domains of frailty are 
assessed (Table VIII). The physical domain is evaluat-
ed by asking questions about physical health, weight 
loss, walking, balance, hearing, vision, strengths in 
hands and tiredness. The psychological domain con-
tains memory, feeling down, anxiety or nervousness 
and coping with problems. The social domain is as-
sessed by living alone, missing people and receiving 
enough support. The total score of the TFI is calcu-
lated by adding all scores of the items, resulting in 
a total score ranging from 0 to 15. The score of the 
subscales ranges from 0 to 8 for the physical domain, 
from 0 to 4 for the psychological domain and from 0 
to 3 for the social domain. Presence of frailty is deter-

mined if scores are ≥5 out of 15. The TFI shows good 
validity and reliability for community-dwelling older 
people. The physical components of the TFI have 
been found to show good predictive ability of adverse 
outcomes, as opposed to its social components (92).

PRISMA-7 questionnaire
The PRISMA-7 questionnaire, validated in 

French in 2007, was developed from the Program 
on Research for Integrating Services for the Main-
tenance of Autonomy (PRISMA Project) (93). It is a 
self-administered questionnaire taking 3 minutes for 
administration. It uses seven simple items to explore 
the following: gender, autonomy, close circle and 
walking (Table IX). In the validation study, 594 sub-
jects aged 75-years or over were recruited randomly 
from electoral lists. Each subject then underwent a 
geriatric assessment using the SMAF scale (Système 
de Mesure de l’Autonomie Fonctionnelle), a scale 
comprising 29 complex items (107).

Frailty Index for Elders (FIFE)

Table VIII. The Tilburg Frailty Indicator (TFI).

Part B- Frailty components Yes Sometimes No

B1 Physical components

11. Do you feel physically healthy? o o

12. Have you lost a lot of weight recently without wishing to do so? o o

(A lot is: 6 kg or more during the last six months, or 3 kg or more during the last month)

Do you experience problems in your daily life due to:

13. … Difficulty in walking o o

14. … Difficulty maintaining your balance? o o

15. … Poor hearing? o o

16. … Poor vision? o o

17. … Lack of strength in your hands o o

18. … Physical tiredness o o

B2 Psychological components

19. Do you have problems with your memory? o o o

20. Have you felt down during the last month? o o o

21. Have you felt nervous or anxious during the last month? o o o

22. Are you able to cope with problems well? o o

B3 Social components

23. Do you live alone? o o

24. Do you sometimes miss having people around you? o o o

25. Do you receive enough support from other people? o o
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The Frailty Index for Elders (FIFE) was devel-
oped to assess for frailty risk in older adults using items 
collected in existing nursing datasets (94). This maxi-
mizes the use of data collected during nursing assess-
ment and reduces testing fatigue for the patient, fami-
ly, and nurse. FIFE is a 10-item assessment instrument 
with scores ranging from 0-10 (Table X). A score of 
0 indicates no frailty, a score of 1-3 indicates frailty 
risk, and a score of 4 or greater indicates frailty. The 
major strength of the FIFE is the rigorous scientific 
inquiry utilized for instrument development and items 
that support the multidimensional nature of frailty and 
human health. All items were developed through a tri-
angular process involving standard procedures for as-

sessing and evaluating reliability and validity.

Vulnerable Elders Survey (VES)
The Vulnerable Elders Survey (VES) was specifi-

cally developed to identify community-dwelling vul-
nerable elderly at risk for functional decline. The VES 
can be administered also by phone. This tool includes 
questions about age, self-rated health, physical fitness 
and the need for assistance with activities. It consists 
of 13 questions and has a maximum score of 10 points. 
The age score is given according to the age range, with 
0 points for people between 65–74 years old, 1 point 
for ages between 75–84, and 3 points for age equal to 
or greater than 85 years. The cut-off value of ≥3 as an 

Table IX. PRISMA-7 Questionnaire.
PRISMA -7 QUESTIONNAIRE

Patient questions Yes No

Are you older than 85 years? o o

Are you male? o o

In general, do you have any health problems that require you to limit your activities? o o

Do you need someone to help you on a regular basis? o o

In general, do you have any health problems that require you to stay at home? o o

If you need help, can you count on someone close to you? o o

Do you regularly use a stick, walker or wheelchair to move about? o o

Total checked:
SCORING: If the respondent had 3 or more “yes” answers, this indicates an increased risk of frailty and the need for further 
clinical review (Raîche, M., R. Hébert, M-F. Dubois, and the PRISMA partners. User guide for the PRISMA-7 questionnaire 
to identify elderly people with severe loss of autonomy. In Integrated service delivery to ensure persons’ functional autonomy, ed. 
R. Hébert, A. Tourigny, and M. Gagnon, 147-65. Quebec: Edisem).

Table X. The Frailty Index for Elders (FIFE).

Item Yes No

Do you need help getting in or out of bed? o o

Do you need help with washing or bathing? o o

Without wanting to, have you lost or gained 10 pounds in the last 6 months? o o

Do you have tooth or mouth problems that make it hard to eat? o o

Do you have poor appetite and quickly feel full when you eat? o o

Did your physical health or emotional problems interfere with your social activities? o o

Would you say your health is fair or poor? o o

Do you get tired easily? o o

Were you hospitalized in the last 3 months? o o

Did you visit an emergency room for a health problem in the past 3 months? o o

A score of 0 indicates no frailty, 1-3 indicates frailty risk and a score of 4 or greater indicates frailty
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indication of frailty (95). The VES can be used without 
charge by researchers, health care professionals, and 
provider organizations.

Frailty and Autonomy Scoring Instrument of Leuven 
(FRAIL)

The Frailty and Autonomy Scoring Instrument of 
Leuven (FRAIL) has been developed as a case-finding 
tool to be used without the patient being present (96). 
The clinician is asked to score the level of dependency 
concerning 12 items, grouped in a physical and a psy-
chosocial cluster. The maximum score is 48, indicating 
a high level of frailty. It has proved to be valid and 
consistent and able to be used in a stepwise procedure 
for the diagnosis of dementia (96). 

Frailty Staging System (FSS)
The Frailty Staging System (FSS) is a simple ap-

proach that can be used by clinicians to screen the 
functional status of older patients in community prac-
tice (97). The approach relies on checking a limited 
number of domains that are commonly dysfunctional 
but often unappreciated when conventional histories 
and physical examinations are undertaken. The focus 
is on carefully selected tests of vision, hearing, upper 
and lower limb function, urinary incontinence, mental 
status, instrumental and basic activities of daily living, 
environmental hazards, and social support systems. 
Brief questions and easily observed tasks are used to 
obtain the information needed for a suitable, effective 
screening while minimising the time for the adminis-
tration. The score is 0 when the function is preserved 
and 1 when the function is lost (108).

Comprehensive Frailty Assessment Instrument (CFAI)
The Comprehensive Frailty Assessment Instru-

ment (CFAI) was developed and validated to approach 
frailty in a multidimensional way. It is a self-reported 
frailty instrument, with a higher score indicating more 
frailty. It includes four components: (i) physical (one 
domain); (ii) psychological (two domains: mood and 
emotion); (iii) social (two domains: social loneliness 
and social support); and (iv) environmental (one do-
main) (98). The physical domain includes four items 
about physical capacity representing the building 
blocks of daily function. The mood domain includes 

five items about depressive disorders and distress, and 
the emotion domain includes three items about feeling 
empty, lonely or rejected by others. The social loneli-
ness domain includes three items about relationships 
with others and feeling like one has enough social sup-
port. The social support domain includes three items 
about social resources that an individual can access for 
help. The environmental domain includes five items 
about housing and neighbourhood conditions. The to-
tal score of the CFAI is calculated by summing the 
scores on each indicator, resulting in a score ranging 
from 19 to 97. The scores for the subscales are calcu-
lated by adding the scores of the specific items (98). 
As a consequence, the physical subscale ranges from 
4 to 12, the psychological subscale from 4 to 20, the 
emotional and social subscale from 3 to 15, the envi-
ronmental subscale from 5 to 25 and the social support 
subscale from 0 to 10.

Maastricht Frailty Screening Tool for Hospitalised Pa-
tients (MFST-HP)

The Maastricht Frailty Screening Tool for Hos-
pitalised Patients (MFST-HP) is an existing short 15 
item multi-domain screening tool (with yes-no an-
swer options) for older hospitalised patients. The ad-
vantage of this specific tool is that is fully integrated 
into the initial nursing assessment (99). The tool as-
sesses frailty in three domains: physical (items 1-9), 
psychological (items 10-13) and social (items 14-15). 
In a previous study, the MFST-HP showed to be a 
reliable and feasible tool for screening. Inter-rater and 
intra-rater reliability was good (99). In patients with a 
low score on the MFST-HP (i.e., <6) there is less need 
for additional attention from geriatric teams or further 
geriatric assessment. Patients with a higher score on 
the MFST-HP could benefit from a more substantial 
geriatric evaluation, to screen the patient on probable 
unmasked geriatric syndromes that could be taken into 
account in the treatment or nursing plan (99).

Kihon Checklist (KCL)
The Kihon Checklist (KCL) is a reliable tool for 

predicting general frailty and frailty aspects in old-
er adults (100). The KCL consists of 25 items (yes/
no) divided into seven categories: physical strength, 
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nutrition, eating, socialization, memory, mood and 
lifestyle (questions 1–20); each category is rated on a 
pass (0)/fail (1) basis, and the sum of all indices range 
from 0 (no frailty) to 25 (severe frailty); a higher score 
indicates worse functioning. The time required for 
older adults to answer the KCL is approximately 15 
min. The KCL is a reliable tool for predicting general 
frailty and aspects of frailty, such as functional dis-
ability, IADL limitations, depressive mood and oth-
ers, in older adults and is adequate for cross-cultural 
studies to address frailty demands among both elder-
ly individuals who are community dwelling and those 
that use daycare centres (100).

Short screening instrument (FRESH-screening)
The Short screening instrument (FRESH-

screening) includes five short questions (101). The 
first four questions regarding mobility, tiredness, fa-
tigue, risk or fear of falling, and dependence in shop-
ping were extracted from the “Continuum of care for 
frail elderly people” study questionnaire and were 
identified as early indicators of change in frailty by 
the research group. The four questions were as fol-
lows: 1) “Do you get tired when taking a short (15–20 
min) walk outside?” (positive answers included both 
“yes,” and “can’t do it”) ; 2) “Have you suffered any 
general fatigue or tiredness over the last 3 months?” 
3) “Have you fallen these last 3 months?” and “Are 
you afraid of falling?” (positive answers included “yes, 
a bit,” “yes,” and “yes, very afraid”); and 4) “Do you 
need assistance in either getting to the store, man-
aging obstacles (such as staircases) to and from the 
store, or in choosing, paying for, or bringing home 
groceries?”. The fifth question pertained to having 
had three or more emergency department (ED) visits 
over the last 12 months, which was considered clini-
cally important by the healthcare service. The total 
number of healthcare visits was collected for each 
participant through registers. Subjects were consid-
ered to be at risk of frailty by answering “yes” to two 
or more of these five questions (101).

QFrailty score
Recent National Institute for Clinical Excel-

lence (NICE) guidance on multiple morbidities 
highlighted the need to develop new robust equations 

to identify patients in primary care with reduced life 
expectancy so that relevant assessments and inter-
ventions can be targeted appropriately (109). Hip-
pisley-Cox and Coupland therefore developed and 
validated equations to predict absolute risk of death 
over the next year in men and women aged 65-100 
years (6). QFrailty has been developed for the UK 
population and is intended for use in the UK. All 
medical decisions need to be taken by a patient in 
consultation with their doctor. The equation can be 
used in conjunction with the QAdmissions equation 
to classify patients into four QFrailty groups to en-
able their identification for focused assessments and 
interventions. The electronic frailty index (EFI) (htt-
ps://qfrailty.org) is a simple unweighted count of the 
number of “deficits” a patient has out of a total of 
36, where a deficit is a physical disability or social 
vulnerability as identified by a consensus panel (110). 
The EFI has also been used to predict mortality in a 
UK community based population  (based on standard 
definitions) (110,111).

Development and validation of Comprehensive 
Rheumatologic Assessment of Frailty (CRAF) algo-
rithm to assess frailty in RA patients

Recently, we develop and validate in a prelimi-
nary way a tool to assess frailty, dedicated to RA pa-
tients and easy to use in clinical practice, called Com-
prehensive Rheumatologic Assessment of Frailty 
(CRAF) (112). The cumulative deficits approach to 
determining CRAF index, similarly a Frailty Index 
(FI) developed by Rockwood and colleagues (16,113), 
uses data from existing clinical records and therefore 
holds promise for use in rheumatological care. The 
variables included in the CRAF were generated us-
ing a Delphi procedure, ten major frailty domains of 
CRAF were identified: nutritional status, weakness, 
falls, comorbidity, polypharmacy, social activity, pain, 
fatigue, physical function, and depression (Figure 1)

Some variables (nutritional status, polypharmacy, 
and social activity) were considered as trichotomous 
levels (0, 0.5, 1.0); while other variables, such as co-
morbidity and those related to the patient’s perspec-
tive (pain, fatigue, physical function, and depression) 
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were assigned five levels (0, 0.25, 0.5, 0.75 and 1.0) to 
six levels (0, 0.2, 0.4, 0.6, 0.8 and 1.0), to reflect dif-
ferences in severity. Regarding the nutritional status, 
overweight and normal weight were combined and 
coded 0, based on evidence that some excess weight 
can be protective (114). In line with previous studies, 
obesity was coded 0.5 (115) while underweight was 
1.0 (17). The ten scores were added and divided by 
the total number of deficits evaluated to produce a 
CRAF index between 0.0 to 1.0. Table XI shows the 
CRAF deficit variables and cut-off points.

In 2013, experts from international organiza-
tions recommended that it is imperative to screen for 
older people who are over 70 years old or have lost 
more than 5% of body weight due to chronic diseases 
(116). Weakness was assessed by handgrip strength 
(HGs), using an electronic grip device (Figure 2). 
Two consecutive measurements were recorded from 
the left and right hands. The highest of the four was 
selected (this variable was considered as continuous). 
The measurement of HGs has been recommended as 
an indicator of overall muscle strength and as a bio-
marker of general health status (117). In RA patients 

it has been demostrated that joint deformity and joint 
tenderness were strongly influenced by grip strength, 
which was an objective functional measurement of 
upper limb ability (118-120). 

Falls have been defined as unintentional events, 
with the result that the person is lying on the floor, 
the ground or other lower level. The number of falls 
during the last 12 months was registered. Although 
the literature suggests that RA patients, regardless of 
age, are at high risk of falls (121), a higher prevalence 
of falls in elderly RA patients (≥65 years) compared 
to younger RA patients (<65 years) has been dem-
onstrated (122). Fall incidences within 1 year range 
between 27–54% in RA patients with a mean age of 
59 years (SD 14.2) (123). Additionally, about 68% of 
patients have an increased risk of falling (123), and 
almost 20% of RA patients experience multiple falls 
over a one year follow- up period (124). Among RA 
patients a 95% excess risk of death due to falls has 
been observed compared to the general Italian popu-
lation using age- and gender-specific mortality rates 
(125). The Rheumatic Diseases Comorbidity Index 
(RDCI) was used to identify the load of comorbidi-

Figure 1. Domains evaluated in CRAF index.
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Table XI. Deficits included in the Comprehensive Rheumatologic Assessment of Frailty (CRAF) index*

Concept/variable Description CRAF Value

1. Nutritional status
    

Normal/overweight: BMI 25-30 Kg/m2

Obese: BMI > 30 Kg/m2

Underweight: BMI < 18,5 Kg/m2

0.00
0.50
1.00

2. Weakness Handgrip strength (in Kg) in men
<27 T-score -2.5 or below
≤32 T-score -2 or below
>32 Normal Grip

Handgrip strength (in Kg) in women
<16 T-score -2.5 or below
≤19 T-score -2 or below
>19 Normal Grip

1.00
0.50
0.00

1.00
0.50
0.00

3. Falls Falls less than twice in the last 12 months 
Falls between two and five times in the last 12 months 
Falls more than five times in the last 12 months

0.00
0.50
1.00

4. Comorbidity RDCI score 0 – 1
RDCI score 2 – 3
RDCI score 4 – 5
RDCI score 6 – 7
RDCI score > 7

0.00
0.25
0.50
0.75
1.00

5. Polypharmacy Patient uses less than two different medications 
Patient uses between three and four different medications 
Patient uses 5 or more different medications

0.00
0.50
1.00

6. Social activity Not at all/slightly
Moderately
Quite a bit/extremely

0.00
0.50
1.00

7. Pain Extreme pain 
Very severe pain
Severe pain
Moderate pain
Mild pain
No pain

1.00
0.80
0.60
0.40
0.20
0.00

8. Fatigue Extreme fatigue
Very severe fatigue
Severe fatigue
Moderate fatigue
Mild fatigue
No fatigue

1.00
0.80
0.60
0.40
0.20
0.00

9. Physical function Extreme limitation
Very severe limitation
Severe limitation
Moderate limitation
Mild limitation
No limitation

1.00
0.80
0.60
0.40
0.20
0.00

10. Depression Extreme depression 
Very severe depression
Severe depression
Moderate depression
Mild depression
No depression

1.00
0.80
0.60
0.40
0.20
0.00

Abbreviations: RDCI= Rheumatic Disease Comorbidity Index; BMI=Body Mass Index
*CRAF score of 0 to 0.12=non frailty, >0.12 to ≤0.24=mild frailty, >0.24 to ≤0.36=moderate frailty, >0.36=severe frailty. 
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ties (126). Polypharmacy is associated with adverse 
outcomes including frailty, mortality, falls, adverse 
drug reactions increased length of stay in hospital 
and readmission to hospital soon after discharge 
(127,128). In line with previous studies, polyphar-
macy was defined as five medications or more frailty 
(129), scored 1, while the use of three or four med-
ications was scored 0.5. To assess the social activi-
ties, the item number 20 of the 36-Item Short Form 
Health Survey (SF36) (130) were rescaled to three 
(0, 0.5 and 1) levels. Pain, fatigue, physical function, 
and depression are also recognized as contributors 
to frailty by both patients and the group of experts 
(131). These variables are strongly recommended 
measures both of Outcome Measures in Rheumatol-
ogy (OMERACT) Patient Perspective Workshop 
and of American College of Rheumatologists (ACR)/
European League Against Rheumatism classification 
criteria (EULAR) task force (132,133). Patients rate 
their pain, fatigue, physical disability, and depression 
over the last week, with 0 indicating no pain, fatigue, 
physical disability, and depression, and 10 indicating 
worst possible pain, fatigue, physical disability, and 
depression (134). Chronic pain among community-
dwelling older adults is a risk factor for worsening 
frailty (135), fatigue is prevalent (40–80% of patients) 

(136,137) and disabling in RA (138), functional dis-
ability remains a significant problem for people with 
RA, with the prevalence remaining at least 15% 
higher over time than in individuals without the dis-
ease (139). Comorbid depression negatively impacts 
RA patients’ health-related quality-of-life, physical 
function, mental function, mortality, and experience 
of pain and symptom severity (140,141). These four 
measures, in which participants mark their subjective 
status on a graphic thermometer scale, afford a simple 
and rapid administration and increased comprehen-
sion and completion rates (142) (Figure 3). In the 
CRAF, the rating of all these four variables has been 
assigned in six levels (0, 02, 0.4, 0.6, 0.8 and 1).

Finally, the calculation of the CRAF is based 
on the sum of the ten variables, divided by ten: the 
score ranges between 0.0 (no deficit present) to 1.0 
(all deficits present). The CRAF cut-off points have 
been established using Clegg’s criteria (3), as follow: 
score ≤0.12 represents patients without frailty; score 
>0.12 and ≤0.24 represents patients with mild frailty; 
score >0.24 and ≤0.36 represent patients with moder-
ate frailty; score >0.36 represent patients with severe 
frailty.

Figure 2. The HGs was measured in the dominant hand two times, and the mean of the two measurement values was used. The subjects 
were tested while sitting in a standardized position with the elbow flexed at an angle of 90. Standardized instructions were given.
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Conclusions and perspectives

Several published studies on frailty in rheumatic 
patients and several systematic reviews have provided 
insight into the overlap between frailty and muscu-
loskeletal disorders, including proposed pathogenic 
mechanisms and recommended interventions to pre-
vent or ameliorate frailty. The overall prevalence and 
knowledge of factors that influence frailty in rheumat-
ic diseases, however, are reported with considerable 
inconsistency across studies and have not been effec-
tively synthesized through prior narrative reviews. The 
need to develop measures of frailty and to include frail 
RA patients in future clinical studies of drug effects are 
now recognised and should greatly facilitate the de-
velopment of evidence-based guidelines (133). There 
are still questions unanswered. In particular, the choice 
of components to be included in the frailty definition 
continues to be a contentious issue with important im-
plications. For example, although some authors have 
included disability and functional decline as a com-
ponent of frailty (41,51), others regard disability and 
functional decline as an outcome (101).  We believe 
that evaluating frailty through deficit accumulation 
provides a holistic approach to prognostication among 
rheumatic patients, incorporating aspects of disease 
activity, organ damage, and Health-Related Quality of 
life into a single measure. That is why we have proposed 
and validated the CRAF index. The cumulative deficits 
approach to determining CRAF index, similarly a FI 
developed by Rockwood and colleagues (50,52), uses 
data from existing clinical records and therefore holds 
promise for use in rheumatological care. 

Key points

•	 Frailty	 is	 defined	 as	 “a	 biologic	 syndrome	 of	 de-
creased reserve and resistance to stressors, resulting 
from cumulative declines across multiple physiologic 
systems, and causing vulnerability to adverse out-
comes” 

•	 Presence	of	frailty	in	the	geriatric	population	corre-
lates with higher risks of hospitalization and institu-
tionalization after discharge and overall higher risk 
of mortality

•	 The	frailty	phenotype	may	be	more	suitable	for	im-
mediate identification of non-disabled elders at risk 
of negative events. The Frailty Index may summarise 
the results of a comprehensive rheumatologic assess-
ment providing a marker of deficits accumulation. 
The two instruments have different purposes and are 
to be considered complementary in the evaluation of 
the older person with rheumatic diseases.

•	 We	have	developed	and	externally	validated	a	frailty	
index, namely Comprehensive Rheumatologic As-
sessment of Frailty (CRAF), using routine data. The 
CRAF has robust validity and good discriminant ac-
curacy.

•	 Identification	 of	 predictors	 of	 the	 highest	 frailty	
trajectories along with the assessment of changes in 
frailty over time may offer ways to target ageing in-
dividuals at high risk of hospitalization or death for 
therapeutic or preventive interventions.

Conflict of interest: Each author declares that he or she has no 
commercial associations (e.g. consultancies, stock ownership, equity 
interest, patent/licensing arrangement etc.) that might pose a con-
flict of interest in connection with the submitted article

Figure 3. The Patient-Reported Outcomes Thermometer–4-item scale (4T-PROs).
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