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Abstract
Objective
Frailty is a topic that is gaining more and more interest in rheumatology. The aims of this study were to develop and
preliminarily validate a frailty index dedicated to rheumatoid arthritis (RA) called the Comprehensive Rheumatologic
Assessment of Frailty (CRAF).

Methods
Ten major frailty domains of CRAF were identified: nutritional status, weakness, falls, comorbidity, polypharmacy, social
activity, pain, fatigue, physical function, and depression. Convergent validity was evaluated correlating the scores of the
CRAF with the Frailty Instrument for Primary Care of the Survey of Health, Ageing and Retirement in Europe (SHARE-FI).
Discriminant validity was assessed using receiver operating characteristic (ROC) curve analysis. Multivariate logistic
regression model procedure was used to assess the relative contribution of the individual determinants on the CRAF.

Results
Among the 219 RA patients, 79 (36.1%) were defined as non-frail (CRAF <0.12), 63 (28.8%) mild frail (0.12 <CRAF <0.24),
34 (15.5%) moderate frail (0.24 <CRAF <0.36), and 43 (19.6%) severe frail (CRAF >0.36). In testing for convergent
validity, a significant correlation was found between CRAF and SHARE-FI (p <0.0001). The discriminatory power of
CRAF was higher than those of the SHARE-FI (difference between areas under the ROC curves=0.0853+ 0.0282.
Variables associated with frailty at the multivariate analysis were advanced age and high disease activity
(both at p<0.0001).

Conclusion
The CRAF demonstrated a robust validity and good discriminant accuracy. Implementation of the frailty assessment
into the routine rheumatological practice could represent a major advance in RA care.
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Introduction

Rheumatoid arthritis (RA) is a disease
characterised by chronic joint inflamma-
tion, which overall results in a functional
limitation and reduced performance. A
limitation of functional capacity can in
turn result in increased frailty (1). Frailty
can be defined as “the loss of resources
in several domains leading to the in-
ability to respond to physical or psycho-
logical stress” (2). Frailty is a condition
whereby the individuals are vulnerable
to adverse events and less favourable
outcomes (3). Frailty is associated with
falls, cognitive impairment, hospitali-
sation, institutionalisation and death,
as well as adverse responses to chemo-
therapy, to surgical intervention, and to
recovery after emergency department
discharge (4-9). The prevalence of frail-
ty increases with age: it ranges from 7%
to 10% in those aged over 65 years and
to 20—40% among octogenarians (10).
Compared to the geriatric population in
general, frailty in the context of chronic
inflammatory joint disease is a relative-
ly under-researched topic (1, 11-13).
Haider and colleagues demonstrated
that frailty is present in 15% of RA pa-
tients younger than 65 years whereas
30% are found to be prefrail (1).
Although there are no universally ac-
cepted frailty criteria (2, 14), the main
methods of evaluation are two: Fried’s
criteria (10), and the Frailty Index (FI)
(15). Fried and coworkers operational-
ised the phenotypic model in the Car-
diovascular Health Study and defined
three categories: frail (three or more
criteria present), pre-frail (one or two
criteria present), and non-frail (none of
the criteria present) (10). The main ad-
vantage of this model is that it requires
the evaluation of only five parameters,
making its calculation rather rapid. The
main criticism, however, is that this
model is a predominantly physical con-
ceptualisation, identifying the frailty as
a wasting process and recognising in
the loss of skeletal muscle mass (sar-
copenia) as the key pathophysiologi-
cal feature, and omitting disorders of
cognition and mood (10). Conversely,
the FI is based on the cumulative defi-
cit approach, relying on a more holis-
tic perspective: frailty can be assessed
by evaluating a larger number of non-

specified age-associated health deficits
(15-18). FI ranges from O (none of
the deficits present) to 1 (all deficits
present), with the cut-off points for
frailty levels identified as: non-frail (0
to <0.12), mild frail (>0.12 to <0.24),
moderate frail (>0.24 to <0.36) and se-
vere frail (>0.36) (3).

In recent years, the FI has been recog-
nised as the most valuable frailty assess-
ment model (20-23). However, the tool
is complex, the psychometric properties
need to be explored far more extensive-
ly and it has not been validated in the
rheumatological setting (21, 23).

Given these limitations, the estimation
of frailty in patients with chronic in-
flammatory arthropaties is difficult to
perform in daily clinical practice.

The main objectives of this study are
to develop and validate in a prelimi-
nary way a tool to assess frailty, dedi-
cated to RA patients and easy to use in
clinical practice, called Comprehensive
Rheumatologic Assessment of Frailty
(CRAF).

Materials and methods

For the development of a multidimen-
sional tool in constructing a measure
of frailty, the conceptual framework of
deficit accumulation has been adopted
(22), following a series of major steps,
such as: (i) development of a pro-
visional pool of variables related to
frailty, (i7) variables reduction, and (ii7)
pilot testing of the CRAF index in real-
life conditions.

Creation of the CRAF index

The variables included in the CRAF
were generated using a Delphi pro-
cedure (24), and the general method-
ology applied in this study has been
previously adopted (25-28). Basing on
the Gobbens frailty theory model (29),
the authors discussed and selected 34
variables from the existing frailty ap-
praisal tools. Subsequently, applying
the Lynn’s process for content valida-
tion, 39 specialists (the expert group,
respectively 19 rheumatologists, 6 re-
habilitation medicine, 6 geriatrics, 3
ortopaedics, 6 neurologists, and 2 inter-
nal medicine specialists) were invited
to rate the importance of each variable
in the measurment of frailty in RA pa-
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tients. The importance of each variable
was scored on a Likert scale from one to
four: 1 =irrelevant; 2 = slightly relevant;
3 = quite relevant; 4 = very relevant.

To be considered in CRAF, the vari-
ables had to have a mean score >3.0
(“quite relevant”) by more than the
80% of the expert group (Table I). The
top ten ranked variables are listed in
Table II. The group of experts estab-
lished that the nutritional status (con-
sidering body mass index [BMI] as an
indicator of nutritional status), weak-
ness, falls, comorbidity, polypharmacy,
social activity, pain, fatigue, physical
function, and depression were the vari-
ables most associated with the risk of
frailty in RA patients.

Some variables (nutritional status,
polypharmacy, and social activity)
were considered as trichotomous levels
(0,0.5, 1.0); while other variables, such
as comorbidity and those related to the
patient’s perspective (pain, fatigue,
physical function, and depression) were
assigned five (0,0.25,0.5,0.75 and 1.0)
to six levels (0, 0.2, 04, 0.6, 0.8 and
1.0), to reflect differences in severity.
Regarding the nutritional status, over-
weight and normal weight were com-
bined and coded 0, based on evidence
that some excess weight can be protec-
tive (31). In line with previous studies,
obesity was coded 0.5 (32) while under-
weight was 1.0 (17).

Weakness was assessed by handgrip
strength, using an electronic grip de-
vice (a five force sensors [FSR-402]
manufactured by Interlink Electronics,
connected to an Arduino Mega 2560).
Two consecutive measurements were
recorded from the left and right hands.
The highest of the four was selected
(this variable was considered as con-
tinuous). The measurement of hand grip
strength has been recommended as an
indicator of overall muscle strength and
as a biomarker of general health status
(33, 34). According to the available data
for grip strength, to define weakness it
has been generally used a T-score <-2
(equivalent to 19 kg in females and 32
kg in males, or weaker) (35, 36), while
a T-score <-2.5 (equivalent to 16 kg in
females and 27 kg in males) has been
applied in patients suffering from coex-
isting osteoporosis (37).
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Table I. The list of the 34 variables coming from the frailty assessment tools. The first
10 variables are those retained in the final Comprehensive Rheumatologic Assessment of

Frailty (CRAF).

Variable Frequency Mean relevance Frequency
(%) scores importance
product (FIP)*
1. Nutritional status (BMI) 93% 3.87 35991
2. Weakness (handgrip strength) 92% 3.77 346.84
3. Falls 90% 3.55 319.50
4. Comorbidity (RDCI score) 91% 3.25 295.75
5. Medications/Polypharmacy 89% 331 294.59
6. Social activity 88% 3.30 290.40
7. Pain 93% 3.11 289.23
8. Fatigue 89% 321 285.69
9. Physical function 88% 3.22 283.36
10. Depressive symptoms 89% 3.16 281.24
11. Change in sleep 79% 3.49 275.71
12. Memory changes 79% 3.11 245.69
13. Slow walking speed 79% 3.09 244.11
14. Cognitive impairment 79% 3.03 239.37
15. Needing assistance with ADLs 79% 3.02 238.58
16. Immobilisation 75% 3.08 231.00
17. Abnormal laboratory values 2% 2.90 208.80
18. Balance problems 71% 298 205.19
19. Anxiety 78% 2.62 204.36
20. Visual impairment 73% 2.76 201.48
21. Health compared to 1 year ago 74% 2.63 194.62
22. Gender 72% 2.56 184.32
23. Unable to drive 68% 2.56 174.08
24. Frequency of health use 65% 2.65 172.25
25. Educational level 58% 2.78 161.24
26. Marital status 65% 243 157.95
27. Help taking medication 72% 2.18 156.96
28. Hearing impairment 70% 2.23 156.10
29. Life satisfaction 60% 2.54 152.40
30. Help with finances 62% 1.87 115.94
31. Speech problems 61% 1.87 114.07
32. Cataract operation 57% 1.98 112.86
33. Smoking status 56% 1.89 105.84
34. Race/ethnicity 59% 1.75 103.25

*FIP: mean relevance score x frequency.

Falls have been defined as unintention-
al 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 (38).
The question was formulated as fol-
lows: “Have you experienced a fall in
the past 12 months?”. In the literature,
falls are the major marker of instability
and RA patients (39).

Comorbidities have been recognised as
a significant contributor to the develop-
ment of frailty (40-44). The Rheumatic
Diseases Comorbidity Index (RDCI)
was used to identify the load of comor-
bidities. RDCI was created from pa-
tients with RA, osteoarthritis, systemic
lupus erythematosus, or fibromyalgia
(45). The formula is the following:
RDCI = 2* lung disease and [2* ((myo-
cardial infarction, other cardiovascular

disease, or stroke)) or 1* hypertension]
and 1* (ulcer or other gastrointestinal
disease) and 1 for each of the follow-
ing conditions: diabetes, fracture, de-
pression and cancer (44). To generate a
frailty score, comorbidity scores were
re-scaled to 0 to 1 (score 0), 2 to 3
(score 0.25),4 to 5 (score 0.50), 6 to 7
(score 0.75) and score >7 (score =1.0).
Multimorbidity and the concomitant
utilisation use of multiple medications
(polypharmacy), is common in the RA
population. Polypharmacy is associ-
ated with adverse outcomes including
frailty, mortality, falls, adverse drug
reactions, increased length of stay in
hospital and readmission to hospital
soon after discharge (46, 47). The most
commonly reported category of defini-
tions for polypharmacy and associated
terms was numerical only. The ques-
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Table II. Variables included in the Comprehensive Rheumatologic Assessment of Frailty

tion was formulated as follows: “What
medications are you currently taking?”.
In line with previous studies polyphar-
macy was defined as five medications
or more frailty (48-50), scored 1, while
the use of three or four medications was
scored 0.5.

To assess the social activities, the
item number 20 of the 36-Item Short
Form Health Survey (SF36) (51) were
rescaled to three (0, 0.5 and 1.0) levels.
The question was formulated as fol-
lows: “during the past 4 weeks, to what
extent has your physical health or emo-
tional problems interfered with your
normal social activities with family,
friends, neighbours, or groups?”.

Pain, fatigue, physical function, and
depression are also recognised as con-
tributors to frailty by both patients and
the group of experts (52-54). These
variables are strongly recommended
measures both of Outcome Measures
in Rheumatology (OMERACT) Patient
Perspective Workshop and of American
College of Rheumatologists (ACR)/
European League Against Rheuma-
tism classification criteria (EULAR)
task force (55, 56). The measurement
of these four parameters has proved to
be of extreme relevance in rheumatol-
ogy (57). In the CRAF, the rating of all
these four variables has been assigned
in six levels (0,0.2,0.4,0.6,0.8 and 1).
Finally, the calculation of the CRAF is
based on the sum of the ten variables di-
vided by ten: the score ranges between
0.0 (no deficit present) to 1.0 (all defi-
cits present). The CRAF cut-off points
have been established using Clegg’s
criteria (3), as follow: score <0.12 rep-
resents patients without frailty; score
>0.12 and =<0.24 represents patients
with mild frailty; score >0.24 and <0.36
represents patients with moderate frail-
ty; score >0.36 represents patients with
severe frailty.

Table II summarises the CRAF vari-
ables and cut-off points.

Pilot testing of the CRAF

index in real-life conditions:

construct validity

Between April 2016 and December
2018, the cross-sectional evaluation
involved 219 consecutive RA patients
from the outpatient clinic of an Italian

Clinical and Experimental Rheumatology 2020

(CRAF)*
Variable Description CRAF value
1. Nutritional status Normal/overweight: BMI 25-30 kg/m? 0.00
Obese: BMI >30 kg/m? 0.50
Underweight: BMI <18.5 kg/m? 1.00
2. Weakness Handgrip strength (in kg) in men
<27 T-score -2.5 or below 1.00
<32 T-score -2 or below 0.50
>32 Normal grip 0.00
Handgrip strength (in kg) in women
<16 T-score -2.5 or below 1.00
<19 T-score -2 or below 0.50
>19 Normal grip 0.00
3. Falls Falls less than twice in the last 12 months 0.00
Falls between two and five times in the last 12 months 0.50
Falls more than five times in the last 12 months 1.00
4. Comorbidity RDCI score 0-1 0.00
RDCI score 2-3 0.25
RDCI score 4-5 0.50
RDCI score 6-7 0.75
RDCI score >7 1.00
5. Polypharmacy Patient uses less than two different medications 0.00
Patient uses between three and four different medications 0.50
Patient uses 5 or more different medications 1.00
6. Social activity Not at all/slightly 0.00
Moderately 0.50
Quite a bit/extremely 1.00
7. Pain Extreme pain 1.00
Very severe pain 0.80
Severe pain 0.60
Moderate pain 0.40
Mild pain 0.20
No pain 0.00
8. Fatigue Extreme fatigue 1.00
Very severe fatigue 0.80
Severe fatigue 0.60
Moderate fatigue 0.40
Mild fatigue 0.20
No fatigue 0.00
9. Physical function Extreme limitation 1.00
Very severe limitation 0.80
Severe limitation 0.60
Moderate limitation 0.40
Mild limitation 0.20
No limitation 0.00
10. Depression Extreme depression 1.00
Very severe depression 0.80
Severe depression 0.60
Moderate depression 0.40
Mild depression 0.20
No depression 0.00

*CRAF score =<0.12=non frailty, >0.12 to <0.24=mild frailty, >0.24 to <0.36=moderate frailty,
>(0.36=severe frailty. RDCI: Rheumatic Disease Comorbidity Index; BMI: Body Mass Index.

tertiary rtheumatology centre (Rheuma-
tological Clinic, Universita Politecnica
delle Marche, “Carlo Urbani” Hospital,
Jesi, Ancona). All the patients with an
adult-onset RA, as defined by the ACR/

EULAR criteria, have been involved
(58). All patients were receiving at
least one conventional disease-modi-
fying anti-rheumatic drug (cDMARD)
(methotrexate, leflunomide, sulphasala-
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Table III. Demographic, laboratory and clinimetric data of the whole cohort (219 rheuma-

toid arthritis patients).

Mean Standard Median 25t 775t
deviations percentile
Age (years) 58.54 13.28 56.00 48.00 - 70.00
Disease duration (years) 7.37 2.78 7.00 5.00 - 10.00
Educational level (years) 12.23 3.73 13.00 11.00 - 16.00
BMI (kg/m?) 26.39 448 25.5 23.03-28.71
RMDI score (0-11) 1.90 201 1.00 0.00 - 4.00
HAQ-DI (0-3) 0.92 0.54 0.87 0.62 - 1.00
TJC (0-28) 8.58 498 9.00 5.00 - 12.00
SIC (0-28) 5.22 424 4.00 2.00 - 8.00
PhGA (0-10) 6.32 1.92 7.00 6.00 - 8.00
PtGA (0-10) 6.32 1.92 7.00 6.00 - 8.00
CRP (mg/dl) 2.74 3.31 1.80 0.72-3.30
SDAI (0-86) 27.11 12.61 2532 2440 - 27.84
Fatigue (0-1) 0.42 0.25 0.40 0.20 - 0.60
General Health Status (0-1) 0.39 0.23 0.30 0.20 - 0.60
Pain (0-1) 0.46 0.24 0.40 0.20 - 0.70
Physical function (0-1) 0.31 0.23 0.20 0.20-0.40
SHS (0-448) 15.42 15.11 12.00 3.25-23.00
CRAF Index (0-1) 0.26 0.22 0.18 0.17-0.20
SHARE-FI (0-1) 2.03 2.53 1.08 0.29-2.48

BMI: Body Mass Index; RDCI: Rheumatic Diseases Comorbidity Index; HAQ-DI: Health Assessment
Questionnaires Disability Index; TJC: 28 joint count for tender joints; SJC: 28 joint count for swollen
joints; PtGA: patient assessment of disease activity; PhGA: physician assessment of disease activity;
CRP: C-reactive protein; SDAI: Simplified Disease Activity Index; SHS: Sharp’s method as modi-
fied by Sharp-van der Heijde Score; CRAF: Comprehensive Rheumatologic Assessment of Frailty;

SHARE-FI: SHARE Frailty Instrument.

zine, or hydroxychloroquine), and/or
a biological agent (26.9%). Of the 59
patients receiving a biologic agent, 18
(30.5%) were receiving adalimumab,
17 (28.8%) etanercept, 10 (16.9%) goli-
mumab, 7 (11.9%) abatacept, 5 (8.5%)
tocilizumab, and 2 (3.4%) infliximab.
Thirty-nine patients (17.8%) were tak-
ing oral corticosteroids, at a mean pred-
nisone or equivalent dose of 5.3 mg/
day (range 2.5-25), and 111 (50.6%)
were prescribed non-steroidal anti-
inflammatory drugs (NSAIDs) on de-
mand. A comprehensive questionnaire,
including socio-demographic data and
disease-related variables was adminis-
tered to all the patients.

Moreover, all patients underwent a
clinimetric assessment to establish dis-
ease activity (Simplified Disease Ac-
tivity Index [SDAI]) (59), functional
disability (Health Assessment Ques-
tionnaires Disability Index [HAQ-DI])
(60), and radiological damage (Sharp’s
method as modified by Sharp-van der
Heijde Score [SHS]) (61). We have also
calculated the Survey of Health Ageing
and Retirement in Europe Frailty Index
(SHARE-FI), a simple and a globally
accepted instrument to screen frailty
screening in primary care (62).
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Composite disease activity indices

Clinical assessments and laboratory
investigations comprised the following
single items: 28 joint counts for swollen
and tender joints (SJC and TJC, respec-
tively), patient assessment of disease
activity (PtGA) and physician global as-
sessment of disease activity (PhGA) on
0-10 numerical rating scales, C-reac-
tive protein (CRP) (mg/dl). These vari-
ables were used to compute the SDAI
and define disease activity: high disease
activity is defined as a SDAI >26, mod-
erate activity as a SDAI >11 and <26,
low activity as a SDAI <11 and >3.3,
and remission as a SDAI <3.3 (59).

Functional disability

The HAQ-DI evaluates the difficulty in
performing daily life activities in eight
domains: dressing and grooming, aris-
ing, eating, walking, hygiene, reach,
grip, activities (60). For each action, pa-
tients have to rate the level of difficulty
over the past week on a 4-point scale (0
= no difficulty; 3 = unable to perform),
is then considered the highest score
of each domain, the scores are added
and divided by eight. To HAQ-DI final
score ranges from O to 3, with higher
scores indicating worse disability.

Radiographic assessment
Radiological damage to the hands,
wrists and feet has been assessed by
an experienced radiologist (MC) (63),
according to SHS. The SHS method
assesses erosions and joint space nar-
rowing separately, and ranges from O to
448. Thirty-two joints in the hands and
12 in the feet are scored for erosions,
with a maximum score of 5 per joint in
the hands and 10 per joint in the feet.
Joint space narrowing was graded from
0 to 4 in 30 joints in the hands and in 12
joints in the feet (61).

SHARE-FI

The SHARE-FI has been developed
on a large European population cohort,
is easy to calculate, and gives an im-
mediate estimate of the frailty of the
subject. It is freely accessible online
(http://www.biomedcentral.com/1471-
2318/10/57/additional), and it is based
on a phenotypic approach consider-
ing fatigue, low appetite, weakness by
handgrip strength, difficulties walking
or climbing stairs, and low physical ac-
tivity) (62). A recent systematic review
considering frailty screening tools in the
primary care setting identified SHARE-
FI as a promising instrument (23).

A detailed discussion of the various
instruments listed above is beyond the
scope of this work and for further in-
formation please refer to the respective
bibliographic references.

Statistical analysis

Continuous data were presented as
means with standard deviations (SDs)
or medians and interquartile ranges
(IQR), depending on the distribution
of the data (tested with the Kolmogo-
rov—Smirnov test). Categorical data
were presented as proportions. Demo-
graphic and clinical measures were
compared using Mann-Whitney U-test
or Kruskal-Wallis test for continuous
variables, and chi-square analysis for
discontinuous variables.

The prevalence of frailty was calculated
for CRAF based on Clegg’s criteria (3).
The construct validity of the CRAF
was examined in two ways. Firstly, it
has been examined the convergent va-
lidity by correlating the scores of the
CRAF with those of the SHARE-FI and
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other clinical measures applied in the
study. The Spearman’s rho correlation
coefficient was used to quantify these
relationships. Correlations >0.90 were
interpreted as very high, 0.70-0.89 as
high, 0.50-0.69 as moderate, 0.26-0.49
as low, and <0.25 as little if any cor-
relation (64). Secondly, it has been
analyzed the receiver operating char-
acteristic (ROC) curve to explore the
discriminative accuracy of the CRAF
and SHARE-FI, to distinguish frail and
non-frail patients and using the patient
opinion on symptoms state (PASS) as
external criterion (65). PASS were re-
corded as a “yes” or “no” answer to
the anchor question: “Considering all
the different ways your disease is af-
fecting you, if you were to stay in this
state for the next few months, do you
consider that your current state is satis-
factory?” (66, 67). The area under the
ROC curve (AUC) was calculated to
quantify the discriminative accuracy.
According to Sweets and colleagues,
AUCs from 0.50 to 0.70 represent poor
accuracy, those from 0.70 and 0.90 are
“useful for some purposes”, and higher
values represent high accuracy (68).
From the ROC curve analysis it has
been obtained the optimal cut-off point
corresponding to the maximum sum of
sensitivity and specificity.

Finally, in order to assess the relative
contribution of the individual deter-
minants (covariates) such as age, sex,
disease duration, level of education,
HAQ-DI, and SHS score on the CRAF
(as the dependent variable), multivari-
ate logistic regression models proce-
dure has been used. Analysis with back-
ward elimination included variables
that yielded p-values of 0.1 or lower in
the initial univariate analysis. p-values
<0.05 were considered statistically sig-
nificant.

Ethical approval

All procedures performed in this study
were in accordance with the ethical
standards of our institutional research
committee and with the 1964 Helsinki
Declaration and its later amendments or
comparable ethical standards. Written
informed consent was obtained from all
individual participants included in the
study.
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Fig. 1. Distribution of the CRAF scores in the whole cohort (219 rheumatoid arthritis patients).
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Table IV. Convergent validity between instruments: correlation table (Spearman rank correlation coefficient).

SDAI CRAF (0-1) Disease Educational HAQ-DI SHS SHARE-FI
(0-86) duration (years) level (years) (0-3) (0-448) 0-1)
Age (years) 0.560 0.687 0.185 -0.185 0.522 0.108 0.562
<0.0001 <0.0001 0.0061 0.0009 <0.0001 0.1095 <0.0001
SDAI (0-86) 0.634 0.278 -0.009 0.694 0.061 0.622
<0.0001 0.0001 0.1955 <0.0001 0.1635 <0.0001
CRAF (0-1) 0.256 -0.200 0.700 0.117 0.712
0.0001 0.0029 <0.0001 0.0850 <0.0001
Disease duration (years) -0.084 0.236 0.706 0.229
0.2137 0.0004 <0.0001 0.0006
Educational level (years) -0.054 -0.010 -0.207
04251 0.8813 0.0002

219

HAQ-DI (0-3) 0.067 0.550
0.3258 <0.0001
SHS (0-448) 0.071
0.2987

SDALI: Simplified Disease Activity Index; CRAF: Comprehensive Rheumatologic Assessment of Frailty; HAQ-DI: Health Assessment Questionnaires Dis-
ability Index; SHS: Sharp’s method as modified by Sharp-van der Heijde Score; SHARE-FI: SHARE Frailty Instrument.

Table V. Factors associated with frailty in multivariate analysis.

Independent variables Coefficient Standard error t p-value
(Constant) -0.4325

Age (years) 0.009861 0.0008886 11.097 <0.0001
Disease duration (years) 0.00007498 0.004292 0.0175 0.9861
Educational level (years) -0.004629 0.002465 -1.878 0.0618
Gender 0.01967 0.01899 1.036 03014
SDAI (0-86) 0.005485 0.0008989 6.102 <0.0001
SHS (0-448) 0.0007286 0.0007538 0.966 0.3349

SDALI: Simplified Disease Activity Index; SHS: Sharp’s method as modified by Sharp-van der Heijde Score.

Results

Characteristics of the study
population

The characteristics of the study popula-
tion are described in Table III. Briefly,
the population consisted of 219 RA pa-
tients, 167 women (76.3%) and 52 men
(23.7%). The mean value (SD) of age
was 58.54 (13.28) years, disease dura-
tion 7.37 (2.78) years, and BMI 26.39
(4.48) kg/m>. The mean (SD) SDAI
was 27.11 (12.61), with 13 patients ful-
filling the definition of remission, 23
of low disease activity, 90 of moderate
disease activity, and 93 of high disease
activity. The mean (SD) HAQ-DI 0.92
(0.54).

Of the 219 subjects enrolled, 148
(67.6%) reported 1 or more medical
comorbidities, mostly cardiovascu-
lar (23.7%), respiratory (15.9%), and
metabolic (13.7%) disorders. Poly-
pharmacy was very common in our

494

study population, with the 55.7% of the
subjects receiving five medications per
day or more, and the 13.7% receiving
10 medications per day or more. The
mean number of medications received
per day was 5.8 (SD 3.3; min = 0; max
=14).

Fig. 1 presents the estimates of cen-
tral tendency and distribution of score
for CRAF in the whole cohort. CRAF
values were non-normally distributed
(Kolmogorov-Smirnov test). The me-
dian of CRAF index was 0.18 (25-75
percentiles 0.17-0.20) (Table III).

Prevalence of frailty

Among the 219 RA patients, 79 (36.1%)
subjects were defined non-frail (CRAF
<0.12), 63 (28.8%) were defined hav-
ing a mild frailty (CRAF >0.12 and
<0.24), 34 (15.5%) were defined having
a moderate frailty (CRAF >0.24 and
<0.36), while the remaining 43 patients

(19.6%) were defined having a severe
frailty (CRAF >0.36) (Fig. 2), with the
CRAF median values significantly dif-
ferent (Kruskal-Wallis test corrected for
ties Ht =202.94; p<0.0001) among the
four categories. Applying the 0.24 cut-
off point (moderate and severe frailty),
the estimated prevalence of frailty in
RA patients is the 35.1%. As expected,
the percentage of frailty increases with
age (18.3% in the 50s to 57.1% at age
75s or older).

Construct validity of the CRAF

In testing for convergent validity be-
tween instruments (Table 1V), it has
been found a significant correlation
between CRAF and disease activity
(SDAI, p<0.0001), functional capacity
(HAQ-DI, p<0.0001), and in addition
between CRAF and disease duration
(p=0.0006) and the level of education
(p=0.0002) (Table IV).
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Fig. 4. Receiver operating
characteristic (ROC) curve
analysis for the CRAF and
the SHARE-FI.
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Fig. 5. Box-Whisker plots showing the relation between the CRAF scores and the disease activity
states by SDAI, and p-values for comparison (Kruskal-Wallis test). The horizontal line in each box in
the two top graphs represents the median, and the box height represents the interquartile range. HDA:
High disease activity; MDA: moderate disease activity; LDA: low disease activity and REM: remission.

Of special interest, the high correlation
between the CRAF and the SHARE-
FI at the bivariate analysis (two-tailed
Spearman’s rank correlation coeffi-
cient: 0.712, p<0.0001) (Fig. 3).

ROC curve analysis

Fig. 4 shows the ROC curve analy-
sis for the CRAF and the SHARE-FI
scores which was carried out to assess
the ability for discriminating between
frail and non-frail patients for multiple
cut-off points. The AUC for CRAF was
0.873 (95% confidence intervals [CI]
0.822-0.914), whereas for the SHARE-
FI was 0.788 (95% CI 0.728-0.841).
The AUC-ROC curves difference of
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the two tools was significant (0.0853,
95% C10.031-0.141, p=0.0025).

Variables associated with CRAF
Factors associated with frailty in mul-
tivariate analysis are listed in Table
V. They were advanced age and high
degree of disease activity measured by
SDAI (both at p<0.0001). Disease ac-
tivity was found to be the only clinical
RA parameter significantly related to
CRAF. Gender, educational level, dis-
ease duration and radiographic damage
were variables not significantly associ-
ated with frailty.

Finally, the CRAF scores were signifi-
cantly correlated with the four disease

activity states of the SDAI (p<0.0001)
(Fig. 5).

Discussion

In this study we have shown the reali-
sation and completed the preliminary
validation of a new tool for the evalu-
ation of frailty in RA patients. To the
best of our knowledge, no instruments
dedicated to RA have ever been devel-
oped before. It has also been revealed
that frailty affects a significant propor-
tion of RA patients.

The prevalence of frailty among RA
patients is useful information for health
and social programme planning. From
a medical point of view, the term ‘frail’
identifies patients with a reduced capac-
ity to effectively compensate for exter-
nal stresses. As a result, a frail patient
is at greater risk of worse outcomes,
including prolonged hospitalisation,
institutionalisation, increased disability
and even greater risk of death (1, 3, 69).
Based on the cut-offs identified in this
study, it is estimated that 35.1% of RA
patients are moderately or severely
frail. A percentage of this kind could
concern about 100,000 patients in Italy
(70). This prevalence of frailty in a non-
geriatric cohort is greater than in other
studies (1, 12, 69), including studies
that have involved patients with at least
10 years more of age (71, 72).

Over the last years, a number of tools
have been developed to assess frailty.
Many of these tools include estimates
of weights that ponder some variables
more than others (73). Certain weights
preclude the generalisability of other
populations (19, 74).

An advantage of the frailty phenotype
is the measurement of only five vari-
ables (unintentional weight loss, weak
grip strength, self-reported exhaustion,
slowness and low physical activity lev-
el), which makes the fragility assess-
ment relatively rapid (10). An alterna-
tive method of measuring frailty is to
count the number of deficits accumulat-
ed from a given list and divide it by the
number of deficits on that list, resulting
in a 0—1 score called FI (17). There are
currently no universally accepted FI
cut-offs. A previous work used 0.21,
0.25 and 0.35 for community seniors
(19.75-77). Rockwood and colleagues
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proposed scores below 0.08 as “non-
frailty” and scores above 0.25 as “frail-
ty”, considering intermediate scores as
“pre-frailty” (19). In another study by
Rockwood and coworkers have been
proposed values of FI <0.03 as ‘rela-
tively fit’, 0.03 <FI <0.10 as ‘less fit’,
0.10 <FI <0.21 as ‘less fit’, 0.21 <FI
<0.45 as ‘frail’, and FI =0.45 as ‘more
frail’ (76). In the present study, CRAF
cut-off points have been classified us-
ing the Clegg criteria (3).

RA predisposes to many of the fac-
tors that make up the definition of the
model of cumulative deficit of frailty
(78-80). Which factors to include in the
definition of frailty is a controversial
topic with important implications. For
example, while some authors have in-
cluded disability and functional decline
as a component of frailty (16, 22), oth-
ers consider these two parameters as a
result (81). However, it is significant to
note that disability and frailty are dif-
ferent entities, and being disabled is
not a prerequisite for frailty (40).

In 2010, Romero-Ortuno and colleagues
proposed a new frailty screening tool
for primary care: the SHARE-FI (82).
The SHARE-FI has been applied to
large-scale health survey data in several
countries (73, 75, 83, 84). However, it
has never been validated in patients with
RA and under 50 years of age.

The present study has attempted to fill
the gap caused by the absence of dedi-
cated tools for RA. The methodology
for the implementation of the CRAF
was based on established methods,
starting from a survey of 39 specialists
who were asked to give importance to
the various domains potentially respon-
sible for fragility in patients with RA:
nutritional status, weakness, falls, co-
morbidity, polypharmacy, social activ-
ity, pain, fatigue, physical function, and
depression.

For nutrition, overweight and normal
weight have been combined and coded
at 0, on the basis of evidence that a
small excess weight can be protective
(31, 32). Underweight was coded 1.0,
in line with previous studies that re-
vealed that low weight elderly people
are at higher risk of disease and death,
while obesity was coded 0.5 (32). Ex-
cess adipose tissue has been identified
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as a potential risk factor for fragility
in both cohorts of elderly and chronic
diseases (85). Obesity can also be as-
sociated with sarcopenia (sarcopenic
obesity), and even in this case the al-
tered lean mass/fat mass ratio is associ-
ated with frailty in the elderly (86, 87).
Sarcopenia increases the risk of falls
and consequently fractures, hinders
the ability to perform daily activities,
is associated with heart and respiratory
diseases, cognitive deficits, can lead to
loss of autonomy or the need for long-
term care (16, 87).

Impairment of grip strength during RA
may be important, and has been shown
to correlate with activity and duration
of disease (88-91). Measuring grip
strenght is simple and economical.
However, its accurate measurement re-
quires the use of a calibrated electronic
gripper, with interpretative values from
appropriate reference populations (92).
The current recommendations of the
European Working Group on Sarcope-
nia in Older People (EWGSOP) use as
reference values those of -2 standard
deviations (19 kg in females and 32
kg in males) from the mean reference
value (35, 87). For a more conservative
diagnosis the use of -2.5 standard de-
viations (equivalent to 16 kg in females
and 27 kg in males) is suggested (35,
93-97).

Falls are an important indicator of in-
stability. Although there are data sug-
gesting that RA patients, regardless of
age, are at high risk of falling (39, 94),
a higher prevalence of falls has been
demonstrated in RA patients over 65
years of age than in younger patients
(95), also giving RA patients an in-
creased risk of death (98).

Patients with RA are also at greater risk
of developing comorbidity (99), and
consequently more exposed to polyp-
harmacy. Polypharmacy in turn increas-
es the risk of inappropriate prescrip-
tions, drug and drug interactions (100,
101), and thus the risk of adverse health
events (102-104). The polypharmacy
is therefore considered as a risk factor
for frailty in various instruments (22,
49, 105, 106). Muntinga and colleagues
have stated that polypharmacy is a nec-
essary requirement for frailty (107).
Pain, fatigue, physical function and

depression are other important indica-
tors from the patient’s point of view
(55, 56). Pain limits the ability to walk,
increasing the risk of falls and conse-
quently can precipitate fragility (108,
109). Disability remains one of the
most important consequences of RA
(60). Persistent inflammation can cause
joint deformities, muscle atrophy and
subsequent muscle weakness, decreas-
ing capacities in all activities require
gripping strenght (110). The prevalence
of fatigue in RA has been reported to be
40-80% (111,112). The importance of
fatigue in RA is underlined by the fact
that fatigue is a predictor of reduced
quality of life, deterioration of physical
and mental health, and premature mor-
tality (53).

A coexisting depression has an overall
negative impact on the health of patients
with RA (20,113). It has been estimated
that 16.7% of patients with RA meet the
diagnostic criteria for major depression
disorder. Chronic pain is a risk factor in
the development of depression (115).
Depressive symptoms translate into
increased disability, resulting in frailty
(116). Conversely, depression can be an
early symptom of frailty (117).

In the implementation and prelimi-
nary validation of CRAF, certain limits
should be mentioned. This is a cross-
sectional study, and no data were avail-
able from a comparative control group
of individuals without RA. Frailty can
be a dynamic process with a fluctuat-
ing pattern. In addition, the cut-offs of
many of the multiple-level variables
included in the CRAF have been arbi-
trarily defined. A prospective and mul-
ti-centre assessment will be needed to
fully define the consistency of CRAF.
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