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Abstract
Background: Patients with rheumatoid arthritis (RA) are at increased risk of falls and fractures. Sarcopenia occurs
more frequently in RA patients due to the inflammatory processes. Early diagnosis and prevention programmes are
essential to avoid serious complications. The present study aims to identify risk factors for falls related to sarcopenia
and physical performance.
Methods: In a 1-year prospective study, a total of 289 patients with RA, ages 24–85 years, were followed using quarterly
fall diaries to report falls. At the baseline, medical data such as RA disease duration and Disease Activity Score (DAS28CRP)
were collected. Self-reported disability was assessed using the Health Assessment Questionnaire (HAQ). Appendicular
skeletal mass was determined by Dual X-ray-Absorptiometry (DXA). Physical performance was evaluated by handgrip
strength, gait speed, chair rise test, Short Physical Performance Battery, and FICSIT-4. Muscle mechanography was
measured with the Leonardo Mechanograph®. Sarcopenia was assessed according to established definitions by the
European Working Group on Sarcopenia in Older People (EWGSOP2) and The Foundation for the National Institutes of
Health (FNIH). Univariate and multiple logistic regression analysis were used to explore associations with falling.
Receiver-operating characteristics (ROC) were performed, and the area under the curve is reported.
Results: A total of 238 subjects with RA completed the 1-year follow-up, 48 (20.2%) experienced at least one fall during
the observational period. No association was found between sarcopenia and prospective falls. Age (OR = 1.04, CI 1.01–
1.07), HAQ (OR = 1.62, 1.1–2.38), and low FICSIT-4 score (OR = 2.38, 1.13–5.0) showed significant associations with falls.
Conclusions: In clinical practice, a fall assessment including age, self-reported activities of daily life and a physical
performance measure can identify RA patients at risk of falling.
Trial registration: The study has been registered at the German Clinical Trials Register and the WHO International
Clinical Trials Registry Platform (ICTRP) since 16 March 2017 (DRKS00011873).
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Key points
 Patients with rheumatoid arthritis have an increased

risk of falls
 The association between sarcopenia and falls could






not be found in a sample of patients with
rheumatoid arthritis
Age, HAQ, and low score of FICSIT-4 were associated with prospective falls
Sex was not found to be a significant risk factor for
falls
An association between muscle power and
prospective falls was not found
A fall assessment including age, self-reported activities of daily life and a physical performance measure
can identify RA patients at risk of falling

Background
Rheumatoid arthritis (RA) is a complex autoimmune disease with a broad spectrum of manifestations influencing
activities of daily life and physical performance. The
prevalence of RA has been identified in a global study as
one of the highest for Western Europe, causing a high
burden on regional healthcare systems [1]. The reported
diagnostic prevalence for Germany is 1.08% with increasing tendency [2]. For women, a 2.5-fold higher
prevalence has been described than for men (1.49% vs.
0.62%) [2]. The peak incidence rate occurred in highincome countries in the age group between 65 and 79
years [2].
Subjects with RA have an increased risk for falls compared to healthy subjects [3–5]. The reported incidence
of falls in populations with RA ranges between 36 and
50% in prospective studies [4–7], while in populations of
healthy older individuals the fall incidence ranges between 6 and 34% [8]. In general, falls have a high impact
on health care systems as fall-related injuries are associated with higher mortality and morbidity. Compared to
22 other European countries, the burden of falls in
Germany is ranked 8th in terms of fall incidence and
10th in disability-adjusted life year (DALY) [9].
Reduced muscle strength in combination with low
muscle mass and low physical performance is defined as
sarcopenia [10]. The European Sarcopenia Working
Group on Sarcopenia in Older People (EWGSOP) described two types of sarcopenia: ‘primary’ refers to agerelated sarcopenia and ‘secondary’ is caused by various
factors, including systemic diseases and inflammatory
processes such as in rheumatoid arthritis [10]. The

prevalence of sarcopenia is higher in patients with RA
than in the general population [11]. Furthermore, sarcopenia is discussed to increase the risk of falls [17, 11].
Rheumatic disease-specific risk factors for falls can be
classified as physiological, pharmacological, extrinsic and
measure of disease activity [5]. In particular, structural
changes such as joint disorders (pain, swollen joints)
[12] and deformities [13], reduced postural control [14]
and reduced muscle strength [15] were identified as potential physiological risk factors. The Disease Activity
Score (DAS28), a clinical measure for disease activity, is
also associated with falls [15]. Evidence exists that high
scores in the Health assessment questionnaire (HAQ)
are associated with falls [12, 15]. Aged over 65 years, the
female sex and low BMI are evaluated as general risk
factors for falls, yet not clearly confirmed in individuals
with RA [5, 9].
In recent years, mechanography-based assessments
have expanded the investigation of muscle strength,
muscle power, and physical performance in various
study populations. There is some evidence for associations of jumping mechanography with falls [16, 17].
There is little published data on mechanography assessments in patients with RA or on predicting falls in this
population [18, 19].
Due to an increased risk of fracture in patients with
RA [20, 21] including a higher risk for hip fractures [21],
the impact of rheumatoid arthritis-associated falls should
not be underestimated and their risks should be identified early with a focus on prevention. Therefore, the primary objective of this study was to identify factors
related to sarcopenia and their association with prospective falls in patients with rheumatoid arthritis
between 24 and 85 years of age.

Methods and materials
Study design and sample

The present study is a prospective, observational study.
A random sample of German patients with rheumatoid
arthritis were recruited at the Department of Rheumatology and Clinical Immunology and the Centre of
Muscle and Bone Research of the Charité – Universitätsmedizin Berlin. Subjects were included if they were at
least 18 years old, had a confirmed diagnosis of rheumatoid arthritis according to the 2010 American College of
Rheumatology classification criteria [22], were able to
walk with or without walking aid and signed a written
informed consent form. The exclusion criteria were (1)
injury affecting muscle function during the last 3
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months, (2) acute illness or exacerbation of a chronic
disease affecting muscle function, (3) pregnancy, and (4)
contraindications for x-ray exposure. The study was conducted according to the Declaration of Helsinki, and required ethical approval by the ethics committee of
Charité-Universitätsmedizin Berlin (EA4/155/16) and by
the German Radiation Protection Office (Z 5–2246/2–
2016-145).
To address the patient and public involvement (PPI)
recommended by the European League Against
Rheumatism (EULAR) [23], two patient representatives
were involved throughout the research process. After 2
days of training organised by the Deutsche Rheuma-Liga
Bundesverband e.V., they provided input on the research
questions and study process from the patients’ perspective, commented on the results and supported the dissemination among their peers.
The study on prospective falls was attached to a crosssectional study investigating the prevalence of sarcopenia
in RA (SarkoRA). The sample size calculation assumed a
prevalence of 25% in RA patients with a two-sided 95%
confidence interval. A sample size of n = 289 was

Fig. 1 Flowchart of the study
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calculated based on the sample size estimation software
nQuery + nTerim 3.0. A total of 289 subjects participated in the baseline assessment, which was performed
between 2017 and 2019. The flowchart presents the
numbers of subjects with available data by assessment
instrument (Fig. 1). The largest portion of incomplete
data was due to technical errors on the Leonardo
Mechanograph® during muscle power assessment of
two-leg jumps (2LJP) and chair rise tests (CRTP).
All of the 289 persons participating in the baseline assessment agreed to the one-year follow-up. The subjects
were followed for 1 year using quarterly fall diaries to report recent falls. Participants were contacted by telephone to specify the reported falls in terms of their
character or to remind them to return the diaries. 238
subjects (82%) completed the entire 1-year observation
and were included in the present analysis. The majority
of the non-responders did not send back their fall diaries
and did not answer the reminding telephone calls or letters (n = 24). Other reasons for drop-out were death
(n = 1) and medical condition (n = 1). Further, wrong
contact information (n = 5), technical reasons (n = 2) or
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unavailability (n = 11) led to a reduced sample size for
follow-up (Fig. 1).
Fall assessment

Falls were defined as “an unexpected event in which the
participants come to rest on the ground, floor, or lower
level” as recommended in the consensus statement of
the ProFaNE group [24]. Falls due to syncopes or accidents with external forces were excluded. Participants
were categorized into two groups according to their fall
diaries: the fall group with one or more falls and the
non-faller group with no falls during the one-year
observation.
Previous falls have been reported as a risk factor for
falls, both in the elderly [25] and in patients with RA [6,
26]. So, fall history within the 6 months before the baseline examination was assessed. The participants were
asked “Did you fall during the past 6 months? (Yes/No)”.
The dichotomous variable “previous falls” was integrated
in the analysis.
Anthropometry

Anthropometric informations such as height and weight
were measured in underwear without shoes by a digital
measuring and weighing station (Seca 764). Body mass index
(BMI) was calculated as body weight (kg)/height (m2).
Assessment of disease

Relevant clinical parameters for rheumatoid arthritis such
as RA disease duration, C-reactive protein (CRP) and the
Disease Activity Score (DAS28CRP) [27] were collected.
Questionnaire

To assess functional status and disability the participants
were interviewed with the Health Assessment Questionnaire (HAQ) [28]. This is a widely used instrument to
assess 8 dimensions of daily life activities. The HAQ is
rated on a scale of 0 to 3, where 0 represents no impairments and 3 severely limited. The instrument shows high
associations with fear of falling [29] and falls [12, 30, 31].
General physical activity was assessed with the selfconstructed question “Are you physically active regularly?” Physical activity is a relevant preventative factor
for sarcopenia [32]. A dichotomous variable “physical
activity” with the answers yes/no was integrated in the
analysis.
Muscle mass

Lean mass was measured using Dual X-Ray-Absorptiometry
(DXA) (Lunar iDXA, GE Medical Systems, Madison,
Wisconsin, USA; EnCore Software Version 16.1) as a
surrogate parameter for muscle mass following standard operating procedures according to the GE Lunar
manual. Appendicular skeletal muscle mass (ASM) was
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calculated based on the summation of the lean mass of
the arms and legs [33, 34]. For the analysis, ASM was
adjusted for height squared (ASM/h2 in kg/m2) and
body mass index (ASM/BMI in m2) [10].
Muscle strength

Maximum handgrip strength was measured in a seated
position, with the elbow flexed 90° and placed on the
armrest. The wrists were hanging freely and were in a
neutral position. The subjects were asked to squeeze the
digital hand dynamometer Leonardo Mechanograph GF®
(Novotec Medical GmbH, Pforzheim, Germany, Software BAS v4.4) as tightly as possible. The test included
one trial per hand and the best was included into the
analysis [35].
Physical performance
Gait speed

To evaluate gait speed, the participants were asked to
walk 6.45 m at a normal pace along a quiet corridor.
Subjects were allowed to use their walking aids. The
time was recorded by a stopwatch and gait speed in m/s
was calculated for the analysis.
Short Physical Performance Battery

Functional performance was evaluated by the Short
Physical Performance Battery (SPPB), scoring the results
of the balance assessment (Romberg, Semitandem, Tandem), gait speed, and chair rise test. The SPPB is a widely
used instrument with high reliability and validity to assess
functional performance of lower extremity [36] and to
predict falls in older patients [37–40]. The maximum possible total score is 12 indicating high functional performance. In addition, a categorial variable was generated
along validated cut-point of less than or equal to 6 points
(poor performer), 7 to 9 points (moderate performer) and
higher than 9 points (good performer) [40, 41].
FICSIT-4

Another performance test used in the study was the
FICSIT-4 [42]. The assessment evaluates the standing
balance of Romberg, Semitandem, Tandem and one-leg
stance by using a composite score. The scale ranges
from 0 to 5 points reflecting whether a position could be
held for 10 s or not. 5 points are the maximum possible
score with holding all positions for 10 s. The FICSIT-4 is
integrated as a nominal variable as well as a dichotomous variable: “low FICSIT-4” with the score of 1–4
categorised as ‘poor balance’ and a score of 5 as the
reference group with ‘good balance’.
Sarcopenia assessment

To examine sarcopenic changes in the study population,
variables were generated based on established sarcopenia
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definitions and cut-off values. According to the sarcopenia definition by the European Working Group on Sarcopenia in Older People (EWGSOP2), relevant outcome
measures were low handgrip strength, high chair rise
time, low muscle mass, low physical performance and
low gait speed [10]. The EWGSOP2 recommends an algorithm to identify and confirm sarcopenia. First, to discover “probable sarcopenia” low muscle strength is
defined by grip strength < 27 kg in men and < 16 kg in
women, and/or chair rise time higher than 15 s. Next,
muscle mass with ASM/h2 lower than 7 kg/m2 in men
and lower than 5.5 kg/m2 in woman “confirms sarcopenia”. “Severe sarcopenia” is determined by a reduced gait
speed of less than or equal to 0.8 m/s, low SPPB score ≤
8, Timed-up-and-go-time of ≥20 s or a 400 m walk time
of six minutes or more (or not completing the test) in
individuals with confirmed sarcopenia [10]. In the recent
study gait speed was integrated into the algorithm.
For the sarcopenia assessment, dichotomous variables
were generated to classify the results of the study participants into low or high along the cut-off values (yes/no).
Those subjects unable to perform one of the assessments
such as the chair rise test or grip strength were categorised in the lowest category.
Based on the definition of The Foundation for the National Institutes of Health (FNIH) a second sarcopenia
assessment was included in the analysis [43]. The FNIH
recommends cut-off values for ASM/BMI in men lower
than 0.789 m2 and women lower than 0.512 m2 in combination with low grip strength (men < 26 kg, women < 16 kg).
Leonardo mechanography

The chair rise test (CRT) and jumping mechanography
were carried out on the Leonardo Mechanograph®
Ground Reaction Force Plate (Novotec Medical GmbH,
Pforzheim, Germany, software package 4.4). For all measurements, a frequency of 800 Hz was used. During the
assessment, subjects were allowed to wear their own flat
shoes and clothing.
Two-leg countermovement jump

Initially, the participants performed three two-leg jumps
(2LJ) as countermovement jumps on the platform. For
further analysis, the jump with the highest maximum
total relative power per body weight in W/kg during lift
off (2LJPrel) was selected. Based on this variable, the Leonardo software calculated the Esslinger Fitness Index
(EFI in %), which represents a percentage of an age- and
sex-specific reference value.
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possible with their arms folded in front of their chest.
The time was measured with a stopwatch (CRT in sec).
The Leonardo force plate recorded the maximum total
relative power per body weight in W/kg during the rise
phases (CRTPrel).
Statistical analysis

Descriptive data were generated for all variables and are
presented by means and standard deviation (SD) for
continuous and normally distributed variables, and median and interquartile ranges for skewed variables. The
summary of binary and categorical variables is presented
by using frequencies and percentages. The study participants were categorised as a “non-responder”, a “nonfaller” or as a “faller”, if they fell at least once during the
observational period. Differences between the group of
non-fallers and fallers were evaluated using independent
sample t-tests, Mann-Whitney-U-tests or Chi-squared
tests as appropriate.
Logistic regression analysis was used to explore associations between physical performance, disease-specific
parameters, and muscle mass with falling. First, univariate logistic regression was performed followed by a multiple logistic regression with adjustment for age and sex.
Then, all variables that were found to be significant in
the univariate analyses or considered as possible risk factors were included in a multiple logistic regression analysis. Results are presented as odds ratios (OR), 95%
confidence intervals and p-values. To compare the logistic regression models, the − 2 log-likelihood, Cox-Snell
R2 and Nagelkerke’s R2 are reported.
Receiver-operating characteristics (ROC) were used to
compare the predictive value of the measurements for
falls. The area under the curve (AUC) was used to determine the quality of the prediction and was reported with
its 95% confidence interval and p-value. A larger and significant AUC refers to a better predictive ability. However, ROC analysis did not reveal specific cut-off values
for any of the variables due to poor performance in
determining between fall and no fall cases, hence results
are not shown. Significance levels were set at the 5% level.
All analyses were carried out using SPSS, version 27.

Results
Incidence of falls

Of the 238 subjects who completed the follow-up
(82.3%), 48 (20.2%) persons reported at least one fall
during the one-year follow-up, 83.3% of those were
females.

Chair rise test

Characteristics of study sample

For the CRT, a bench with a height of 45 cm was installed on the Leonardo force plate. The subjects were
instructed to rise and sit down 5 times as quick as

Table 1 presents demographic and baseline characteristics of non-fallers, fallers and non-responders. The mean
age of the responder sample (non-fallers and fallers, n =
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Table 1 Characteristics and results of the baseline assessment by follow-up status of participants
Variables

Responder n = 238
Non-Fallers

Fallers

n

n

mean (± SD)

p-value1
mean (± SD)

Non-responder n =
51
n

mean (± SD)

Demographics
Age (years)

190

59.2 (± 11.9)

48

63.7 (± 9.5)

0.016

51

56.9 (± 9.4)

-Females

147

58.4 (± 11.9)

40

63.6 (± 9.9)

0.013

43

56.7 (± 9.7)

Females, n, (%)

190

147 (77.4)

48

40 (83.3)

0.368

51

43 (84.3)

Height (m)

190

1.67 (± 0.08)

48

1.64 (± 0.07)

0.017

51

1.66 (± 0.08)

Weight (kg)

190

77.3 (± 14.0)

48

73.1 (± 12.0)

0.059

51

75.3 (± 15.0)

BMI (kg/m2)

190

27.1 (± 4.5)

48

26.5 (± 4.0)

0.401

51

26.9 (± 4.9)

Previous falls (yes), n, (%)

190

25 (13.2)

48

11 (22.9)

0.092

51

14 (27.5)

Physical activity (yes), n, (%)

190

137 (72.1)

48

36 (75.0)

0.688

51

26 (51.0)

190

9.0 (4.0–16.0)

48

11.0 (5.0–19.7)

0.33

51

10.0 (6.0–19.0)

189

2.07 (1.62–2.85)

45

50

2.35 (1.64–3.03)

Medical data
RA disease duration (y)2
DAS28CRP (score)

2

2.33 (1.69–3.25)

0.161

-Low disease activity ≤3.2, n, (%)

154 (81.1)

33 (66.8)

0.229

-Moderate disease activity 3.2 ≤ 5.1, n, (%)

34 (17.9)

12 (25.0)

9 (17.6)

-High disease activity > 5.1, n, (%)

1 (0.5)

0

2 (3.9)

2

HAQ (score)

190

0.37 (0.0–1.12)

48

0.81 (0.41–1.5)

0.001

39 (76.5)

51

0.75 (0.0–1.5)

Physical performance tests
Handgrip strength (kg)

189

24.8 (± 9.0)

48

22.45 (± 8.2)

0.102

50

22.97 (± 8.1)

Gait speed (m/s)

190

1.24 (± 0.21)

48

1.23 (± 0.25)

0.70

51

1.19 (± 0.2)

CRT (sec)

187

9.43 (± 3.2)

47

9.69 (±3.6)

0.635

51

10.32 (± 3.8)

SPPB (total score)2

190

11.0 (11.0–12.0)

48

11.0 (10.0–12.0)

0.645

51

11.0 (10.0–12.0)

0.710

SPPB (score category)
-Poor performer: 0–6, n, (%)

7 (3.7)

1 (2.1)

-Moderate performer: 7–9, n, (%)

20 (10.5)

7 (14.6)

7 (13.7)

-Good performer: 10–12, n, (%)

163 (85.8)

40 (83.3)

41 (80.4)

2

3 (5.9)

FICSIT-4 (score)

190

5.0 (0.0)

48

5.0 (4.0–5.0)

0.030

51

5.0 (0.0)

Low FICSIT-4 (1–4), n, (%)

190

28 (14.7)

48

14 (29.2)

0.019

51

10 (19.6)

190

6.89 (± 1.04)

48

6.64 (± 0.9)

0.13

51

6.73 (± 1.0)

190

0.73 (± 0.1)

48

0.69 (± 0.1)

0.04

51

0.70 (± 0.1)

Lean mass DXA
ASM/h2 (kg/m2)
2

ASM/BMI (m )
Leonardo tests
CRTPrel (W/kg)

182

10.35 (± 2.8)

44

9.73 (± 2.5)

0.18

49

9.45 (± 2.0)

2LJPrel (W/kg)

169

27.19 (± 6.9)

45

25.32 (± 5.3)

0.05

45

25.60 (± 6.8)

EFI (%)

169

81.20 (± 17.3)

45

83.67 (± 16.0)

0.38

45

75.74 (± 17.3)

Notes
1
p-value of unpaired t-test or Mann-Whitney-U-Test or Chi2-test, bold values significant difference between fallers and non-fallers.
2
Data are presented as median (interquartile range).

238) was 60.2 (± 11.6) years (not shown). The responders were significant older than the non-responders
(56.9 ± 9.4 years, p = 0.036, not shown) and had higher
baseline physical performance according to the EFI (82%
vs. 76%, p = 0.034, not shown). In other demographic and
baseline disease-specific parameters, no significant differences were found between responders and non-responders.

Regarding medical data, the fall group appeared to
have a longer RA disease duration with a median of 11
years (range, 1 to 46 years) and a higher Disease Activity
Score with a median of 2.33 points compared to nonfallers (median of 9 years and 2.07 points, respectively).
There was no statistically significant difference between
both groups with regard to the RA disease duration (p =
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0.33) and DAS28CRP (p = 0.161). The majority of both
groups had low disease activity at baseline according
DAS28CRP (n = 187, 66%). Significant differences were
found between fallers and non-fallers regarding age,
height, and HAQ score, i.e. fallers were significant older
(p = 0.016) and more restricted in the activities of daily
life (p = 0.001) (Table 1).
Sarcopenia assessment

Table 2 presents variables related to relevant sarcopenia
definitions with numbers of subjects and percentages.
Based upon the criteria of EWGSOP2 [10] 4.6% of the
responders were classified as having sarcopenia. According to the FNIH Sarcopenia Project definition [43], 2.9%
of the responders were identified as sarcopenic. No
significant differences were found between the groups of
fallers and non-fallers.
Physical performance, muscle mass and mechanography

In the assessment of physical performance, muscle mass
and Leonardo mechanography patients with a fall status
had lower values in grip strength, gait speed, ASM/h2
and ASM/BMI, CRTP and 2LJP than non-fallers. However, the only significant group differences were found
in ASM/BMI (p = 0.04) and 2LJP (p = 0.05). The fall
group showed a numerically longer time in chair rising,
but this was not significant compared to non-fallers (p =
0.635). The assessment of FICSIT-4, revealed that the
fall group has a significant greater range in holding the
balance positions for ten seconds (IQR 4.0–5.0; p = 0.03)
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and a significantly higher proportion of fallers (29.2%)
had a low FICSIT-4 score (1–4) (p = 0.019) (Table 1).
Factors associated with prospective falls

A significant association between age and prospective
falls was found (OR = 1.04; CI 1.01–1.07, p = 0.017).
There was no significant influence of sex on fall risk
(p = 0.523) (Table 3). Sarcopenia was not associated with
future falls (p = 0.689; p = 0.870) (Table 4).
HAQ was found to be an independent risk factor for
falling. The univariate logistic regression analysis of
HAQ showed a strong and significant association with
prospective falls. For each 1-point increase of the score
the probability of falling rose by 1.62 (CI 1.1–2.38, p =
0.014). Unadjusted HAQ had the highest independent
predictive value of the study parameters to identify
fallers (AUC = 0.65; CI 0.57–0.73, p = 0.002) (Table 3).
The univariate logistic regression showed that participants with a low score in FICSIT-4 had a higher fall risk
compared to those with a high score (OR = 2.38; CI
1.13–5.0, p = 0.022). The adjusted logistic regression
detected a higher and significant AUC (0.62; CI 0.54–
0.71, p = 0.008), thus a better predictive quality for falls
(Table 3).
For all other physical performance tests, DXA measure,
Leonardo assessment, and health questionnaires no
association with falls could be found (Table 3).
Table 5 shows the results of the multiple logistic regression analysis. The analysis confirms that age (OR
1.06; CI 1.01–1.10, p = 0.008) and HAQ (OR 1.89; CI

Table 2 Sarcopenia assessment of responder sample (n = 238)
Variables

All responders

Non-Fallers

n

n (%)

n

Low handgrip strength, n, (%)a

238

47 (19.7)

190

36 (18.9)

48

11 (22.9)

0.537

Low gait speed, n, (%)a

238

11 (4.6)

190

7 (3.7)

48

4 (8.3)

0.17

High CRT time, n, (%)a

238

17 (7.1)

190

14 (7.4)

48

3 (6.3)

0.788

Low muscle mass (ASM/h2), n, (%)a

238

30 (12.6)

190

25 (13.2)

48

5 (10.4)

0.609

238

15 (6.3)

190

10 (5.3)

48

5 (10.4)

0.189

0.593

b

Low muscle mass (ASM/BMI), n, (%)

Fallers
n (%)

n

p-value
n (%)

Sarcopenia (EWGSOP2)a
No sarcopenia

238

180 (75.6)

190

145 (76.3)

48

35 (72.9)

Probable sarcopenia

238

47 (19.7)

190

37 (19.5)

48

10 (20.8)

Confirmed sarcopenia

238

11 (4.6)

190

8 (4.2)

48

3 (6.3)

Severe sarcopenia

238

0

190

0

48

0

No sarcopenia

238

231 (97.1)

190

185 (97.4)

48

46 (95.8)

Sarcopenia

238

7 (2.9)

190

5 (2.6)

48

2 (4.2)

Sarcopenia (FNIH)b
0.574

Notes
a
according to cut-off-values by EWGSOP2: low grip strength: men < 27 kg, women < 16 kg; low gait speed < 0.8 m/s; high CRT time > 15 s; low muscle mass ASM/
h2: men < 7 kg, women < 5,5 kg; sarcopenia classification: probable: low grip strength and/or high CRT time; confirmed: low grip strength and/or high CRT time
and low ASM/h2; severe: low grip strength and/or high CRT time and low ASM/h2 and low gait speed
b
according to cut-off-values by FNIH: low muscle mass ASM/BMI: men< 0.789m2, women< 0.512m2 and low grip strength: men< 26 kg, women< 16 kg.

[0.93-1.76] 0.125

[0.98-1.05] 0.281

1.28

1.02

DAS28CRP

1.02

0.97

Gait speed (m/s)

CRT (sec)

SPPB (score, metric)

FICSIT-4 (metric)

Score 5

Score 1-4

FICSIT-4 (score)

0.10

ASM/BMI (m²)

EFI (%)²

Male = Reference
2
EFI is already adjusted for age and sex

n.a.

0.9

1

CRTPrel (W/kg)

2LJPrel (W/kg)

Leonardo tests

0.8

ASM/h² (kg/m²)

0.74

0.137

0.022

[0.90-1.0]

0.093

[0.81-1.04] 0.183

[0.01-1.29] 0.078

[0.57-1.08] 0.135

[0.50-1.1]

Reference

2.38 [1.13-5.0]

Reference

[0.56-3.61] 0.453

Good performer: 10-12

Moderate performer: 7-9 1.43

[0.80-1.17] 0.736

[0.93-1.12] 0.634

[0.07-4.87] 0.618

Lean mass DXA

1

0.104

[0.18-3.17] 0.694

[0.93-1.0]

0.014

0.58

Poor performer: 0-6

SPPB (score, category)

0.97

0.75

Handgrip strength (kg)

Physical performance tests

RA disease duration

1.62 [1.1-2.38]

HAQ

[0.64-3.36] 0.370

1.46

0.4

0.4

0.4

0.4

0.43

0.43

0.49

0.5

0.5

0.5

0.4

0.55

0.57

0.65

0.47

0.60

0.063

[0.34-0.52] 0.146

[0.35-0.54] 0.241

[0.35-0.53] 0.208

[0.35-0.52] 0.170

[0.34-0.53] 0.150

[0.33-0.52] 0.123

[0.40-0.58] 0.819

[0.39-0.57] 0.666

[0.43-0.62] 0.602

[0.38-0.56] 0.543

[0.33-0.5]

[0.45-0.64] 0.331

[0.47-0.66] 0.161

[0.57-0.73] 0.002

[0.38-0.56] 0.523

0.514

0.239

[0.87-1.14] 0.965

0.359

1

[0.99-1.03] 0.387

1.00 [0.94-1.07] 0.974

1

0.18 [0.0-7.13]

0.82 [0.56-1.21] 0.314

0.94 [0.60-1.46] 0.768

Reference

1.65 [0.72-3.8]

Reference

1.00 [0.38-2.65] 0.997

0.25 [0.03-2.25] 0.214

1.10 [0.89-1.35] 0.394

0.98 [0.88-1.09] 0.698

1.67 [036-7.83]

0.98 [0.94-1.03] 0.423

1.01 [0.97-1.04] 0.769

1.35 [0.97-1.87] 0.072

210.30

210.43

212.52

230.90

230.73

231.67

230.41

229.72

231.01

225.03

231.33

230.73

223.93

218.65

215.25

0.04

0.04

0.04

0.03

0.04

0.03

0.04

0.04

0.03

0.04

0.03

0.03

0.03

0.04

0.05

0.07

0.07

0.07

0.05

0.06

0.05

0.06

0.06

0.05

0.06

0.05

0.05

0.05

0.07

0.07

0.5

0.63

0.6

0.61

0.62

0.61

0.62

0.63

0.62

0.63

0.61

0.63

0.61

0.64

0.65

p-value

0.014

0.016

0.014

0.019

[0.44-0.63] 0.438

[0.54-0.72] 0.009

[0.55-0.73] 0.004

[0.52-0.7]

[0.53-0.71] 0.009

[0.53-0.70] 0.015

[0.54-0.71] 0.008

[0.53-0.72] 0.007

[0.53-0.7]

[0.54-0.72] 0.007

[0.53-0.7]

[0.54-0.72] 0.006

[0.53-0.7

[0.55-0.72] 0.004

[0.56-0.74] 0.001

p-value -2 Log-Likelihood Cox- Snell R² Nagelkerke's R² AUC [95% CI]

1.52 [1.01-2.27] 0.043

n.a.

n.a.

[95% CI]

Adjusted for age and sex1
p-value OR

[0.52-0.69] 0.026

p-value AUC [95% CI]

1.04 [1.01-1.07] 0.017

[95% CI]

Sex1

OR

Age

Medical data

Predictors

Unadjusted

Table 3 Unadjusted and adjusted associations for fall risk
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Table 4 Unadjusted and adjusted associations between risk factors of sarcopenia and fall risk
Adjusted for age and sex*3

Unadjusted
Predictors

OR

[95%
CI]

p-value AUC [95%
CI]

p-value OR

Low
handgrip
strength1*

1.3

[0.592.73]

0.538

0.5

[0.430.61]

0.671

Low gait
speed1

2.38 [0.678.48]

0.182

0.52

[0.430.62]

High CRT
time1

0.84 [0.233.04]

0.788

0.49

Low muscle
mass (ASM/
h²)1*

0.77 [0.282.12]

0.610

Low muscle
mass (ASM/
BMI)²*

2.09 [0.686.44]

0.198

[95%
CI]

p-value -2 LogCox- Snell R² Nagel
AUC (95%
Likelihood
kerke's R²
CI)

p-value

1.16 [0.532.52]

0.714

232.99

0.03

0.04

0.61

[0.520.69]

0.021

0.619

1.27 [0.325.04]

0.732

231.65

0.03

0.05

0.62

[0.530.71]

0.009

[0.400.58]

0.905

0.53 [0.142.06]

0.364

230.85

0.03

0.05

0.62

[0.530.71]

0.012

0.49

[0.400.58]

0.769

0.74 [0.262.07]

0.566

232.78

0.03

0.04

0.61

[0.520.69]

0.023

0.53

[0.430.62]

0.581

1.85 [0.595.75]

0.290

232.07

0.03

0.05

0.61

[0.520.70]

0.018

0.52

[0.430.61]

0.689

Reference

231.23

0.03

0.05

0.62

[0.530.71]

0.01

232.95

0.03

0.04

0.6

[0.520.69]

0.027

Sarcopenia (EWGSOP2)1
No
Reference
sarcopenia
Probable
1.12 [0.51sarcopenia
2.47]

0.779

0.92 [0.402.08]

0.838

Confirmed 1.55 [0.39sarcopenia
6.16]

0.531

1.64 [0.406.61]

0.489

Sarcopenia (FNIH)²*
No
Reference
sarcopenia
Sarcopenia 1.61 [0.308.56]

0.51
0.577

[0.410.60]

0.87

Reference
1.44 [0.277.74]

0.673

1
according to cut-off-values by EWGSOP2: low grip strength: men <27 kg, women <16 kg; low gait speed <0.8m/s; high CRT time >15s; low muscle mass ASM/h²:
men <7 kg, women <5,5 kg;
sarcopenia classification: probable: low grip strength and/or high CRT time; confirmed: low grip strength and/or high CRT time and low ASM/h²; severe: low grip
strength and/or high CRT time and low ASM/h² and low gait speed
² according to cut-off-values by FNIH: low muscle mass ASM/BMI: men<0.789m², women<0.512m² and low grip strength: men<26kg, women<16kg
*low grip strength and low muscle mass are already adjusted for sex
³ Male = Reference

1.00–3.56, p = 0.048) are associated with falls. SPPB (OR
1.57; CI 1.13–2.18) was found to be significant in the
multiple regression model (p = 0.007).

Discussion
The present prospective study was designed to examine
the associations between variables of sarcopenia and
physical performance with falls in a cohort of patients
with rheumatoid arthritis. The results of this study indicate that age, HAQ, and low score of FICSIT-4 are independently associated with prospective falls. No
association of sarcopenia and falls was found. This study
is the first to report prospective data on sarcopenia and
falls in a rheumatic sample. Further, there is no other
study using the FICSIT-4 assessment in a rheumatic
sample to date. The Leonardo Mechanograph® used in
the study is also an innovative measurement device that
provides promising data on muscle mechanography and
for which there are limited studies published in the context of rheumatoid arthritis.

In this cohort, one in five participants with rheumatoid
arthritis reported at least one fall during the 1-year observational period (20.2%). This is a relatively low rate
compared to other prospective studies, which indicated
an incidence rate up to 50% [4, 6, 7]. Only two other
prospective studies reported lower incidence rates of
10.1% [12] and 18.3% [44]. Further retrospective studies
described incidence rates between 27 and 54% [13, 14,
30, 45–48], which are notably higher than the results of
this study. However, retrospective studies are known to
be more imprecise [49]. Other reasons for the comparatively low incidence rate in the present results may involve the low RA disease activity in 78% of the patients
and the relatively young age (half were under 60 years
old).
Nevertheless, age was an independent risk factor for
falls in this study. The majority of studies with RA patients have found no association of age and falls [5, 13,
45, 50]. This is surprising, given the fact that cohorts of
healthy subjects showed a strong association between
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Table 5 Multiple logistic regression analysis
Multiple logistic regression analysis
Predictors

OR

[95% CI]

p-value

Medical data
Age

1.06

[1.01-1.10]

0.008

Sex1

1.15

[0.35-3.82]

0.821

HAQ

1.89

[1.00-3.56]

0.048

DAS28CRP

1.37

[0.93-2.02]

0.114

RA disease duration

1.00

[0.96-1.04]

0.927

Previous falls (yes)

1.87

[0.75-4.66]

0.179

Handgrip strength (kg)

1.02

[0.96-1.08]

0.591

SPPB (score, metric)

1.57

[1.13-2.18]

0.007

Score 1-4

2.21

[0.75-6.49]

0.147

Score 5

Reference

[0.47-1.13]

0.160

Physical performance tests

FICSIT-4 (score)

Lean mass DXA
ASM/h² (kg/m²)

0.73

The results of the multiple logistic regression analysis are shown with the adjusted odds ratios (OR) and 95% confidence intervals (CI)
1
Male = Reference

the parameters age and falls [51]; thus, age is widely accepted as a risk factor for falls from the age of 65 years
onwards [52]. To our knowledge, only two other studies
reporting on RA patients identified age as significant risk
factor for falls [44, 53].
Likewise, the existing literature on sex as a risk factor
for falls is inconsistent. In the present study sex was not
found to be a significant risk factor for falls. One possible
confounder might be the relatively small portion of male
patients (21.4%) in this study, as the sample consisted
mainly of females. However, this accurately reflects the
sex distribution of rheumatoid arthritis in the general
population, affecting more women than men. A systematic
review of Brenton-Rule et al. [5] also reported no associations of sex with falls in a population of RA patients. In
contrast, the longitudinal study by Mamoto et al. [44] confirmed female sex as relevant risk factor for falls in patients with RA, which is consistent with study results in
healthy populations. Falls are more common in females
with an increased risk of fractures, but males have a higher
fall-associated mortality [52]. As falls are a multi-causal
phenomenon, it is not only sex to determine the risk, but
additional sex- and age-related physiological deterioration
or RA disease-associated processes.
Using age and sex as covariates in the adjusted logistic regression models, the results showed a reduced
risk of falls in most models, although the AUCs increased and were significant, thus indicating that they
are possibly able to discriminate between falls and no
falls. Possible reasons for the corresponding variables
are explained below.

A systematic review and meta-analysis analysing the
association between sarcopenia and falls in older adults
by Yeung et al. [54] reported inconsistent results in a
total of 22 studies. 45% of the analysed studies reported
significant associations and the others did not. No difference was found whether a prospective or cross-sectional
study design was used. Results differed depending on the
underlying sarcopenia definition. By use of the EWGSOP1 definition (14 studies) sarcopenia was significantly
associated with falls, by use of the FNIH definition (2
studies) not. It has been shown that the EWGSOP1 definition reveals a higher prevalence of sarcopenia than
the EWGSOP2 definition [55, 56], so comparability with
this study is limited. Despite the use of different sarcopenia definitions and cut-off values in the present study,
the proportion of sarcopenic patients was probably too
low to show associations with falls. However, because
the incidence of falls is higher in RA patients with sarcopenia compared to the general population [11], it is
important to be aware of these factors.
Sarcopenia can be confirmed by a combination of low
muscle strength and muscle mass [10, 43]. The group
comparisons of this study revealed lower values for grip
strength, ASM/h2 and ASM/BMI in the fall group. For
ASM/BMI, the difference between fallers and non-fallers
was even significant. However, using the cut-off values
for muscle mass, handgrip strength and physical performance according the sarcopenia definitions [10, 43]
the findings of the current study do not support an association with falls in the logistic regression analysis. There
is conflicting evidence for those physiological risk
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factors. A study by Stanmore et al. revealed a significant
association between falls and lower limb muscle strength
measured using the chair rise test [15]. This is supported
by recent retrospective studies [57, 58], yet cannot be
confirmed by the results of the present study. In contrast, handgrip strength of subjects with RA was not associated with falls in any study independent of the study
design [7, 48, 53, 59]. In patients with a chronic inflammatory arthritis several factors may affect handgrip
strength measurement, including pain, stiffness or deformities [60]. As the majority of the patients in our
study cohort presented low disease activity [61], it can
be assumed that active inflammatory processes did not
have a substantial impact on grip strength and is therefore not associated with falls. Although handgrip
strength is supposed to be correlated with total body
muscle strength [62], the results of this study suggest
that assessing muscle strength of the lower extremity is
better than the measurement of upper limb strength for
the evaluation of the risk of falls in patients with RA.
Due to the chronically elevated concentration of inflammatory cytokines that promote proteolysis in patients with RA and reduced physical activity, these
individuals are at higher risk for sarcopenia, even at a
younger age [11, 63, 64]. As such, it seems reasonable
that longer RA disease duration and higher disease activity were previously associated with sarcopenic changes
[11]. Since this was a population with low RA disease activity, it might not be surprising that the association with
disease activity was not demonstrated. The RA disease
duration has been described by numerous studies as a
non-significant factor for falls [6, 7, 12, 50]. This is also
supported by the present study results showing no association with falls and duration of disease or disease activity (DAS28CRP). It remains to be considered that the
DAS28CRP primarily examines the disease activity of the
upper extremity. In the lower extremity, only the knee
joints were assessed. It is therefore not possible to evaluate the influence of damaged or inflamed joints of the
feet or hip on postural control. Böhler et al. [45] stated
that RA disease activity should be measured at the moment of the fall, as this can change during the period of
a prospective study. Since the assessment was conducted
at the beginning of the study in our sample and the majority of subjects had low disease activity at that time, no
associations with falls could be found. According to
Zonzini Gaino et al. [47], an analysis of individuals with
a predominantly high RA disease activity or a separate
analysis for recurrent fallers may provide stronger associations of disease activity and falls. An interesting
aspect would have been the repetition of the baseline
assessment at the end of the one-year follow-up.
In the present study, fallers with RA were more restricted in activities of daily life than non-fallers. The
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HAQ score had the strongest association with falls. This
observation supports previous prospective research
which identified self-reported physical activity and mobility as risk factors for falls [12, 15]. Furthermore, retrospective studies confirmed the association of HAQ with
falls [13, 46]. A retrospective study by Armstrong et al.
[30] demonstrated that two of eight domains (walking
and chair rising) were associated with fall history. Activities of daily living like walking, dressing or reaching require muscle strength, power and balance. Reduced
physical capacity could contribute to impaired physical
performance in activities of daily living, thus predisposing people to falls.
Previous studies have demonstrated that poor balance
is associated with an increased risk of falling in both
healthy subjects [65, 66] and patients with RA [7, 15].
According to a systematic review by Brenton-Rule et al.
[5], balance can be assessed by various balance tests such
as standing balance, four balance test, one-leg standing
time, postural sway or composite scores such as the
Tinetti Balance Test. In the present study, the composite
score of FICSIT-4 was used including standing time and
four standing positions. Group comparisons between
fallers and non-fallers showed significant differences in
‘FICSIT-4’ and ‘low FICSIT-4’ score. ‘Low FICSIT-4’
score showed a significant association with falls in the
univariate logistic regression analysis, but not in a multiple regression analysis. RA seems to have a negative
impact on postural control. This effect is increased in
subjects with old age and high BMI [67]. Several factors
seem to affect balance measures in patients with RA,
such as foot deformities, pain, loss of muscle strength
and impaired mobility [68]. Moreover, dizziness due to
medication side effects may influence balance assessment [15]. Chronic inflammation processes and the side
effects of drugs are able to impair sensory input and
neuromuscular responses, leading to reduced balance
and increased risk of falls [69]. To our knowledge there
is no other study using the FICSIT-4 score in a study
population with RA to date. The results suggest that the
FICSIT-4 score is a promising alternative to other established balance assessments.
Physical performance tests such as SPPB, including
gait speed and chair rise test did not reveal significant
differences between fallers and non-fallers and were also
not significant predictors for falls in the univariate analyses. These results reflect those of Lourenco et al. [50],
who also found no prospective association of SPPB with
falls in patients with RA. Gait speed alone was also a superior predictor to SPPB in the cross-sectional study by
Dietzel et al. [53]. This finding is contrary to previous
studies in samples of healthy elderly people which have
suggested that SPPB is appropriate to assess fall risk
[40]. However, a retrospective study in a sample of
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patients with ankylosing spondylitis observed higher fall
risk in patients with SPPB scores ≤6 [39]. In a recent
retrospective study by Kawabata et al. [70] chair rise
time and balance assessment appeared more appropriate
than the total SPPB score for predicting falls. This is in
accordance with the results of the current study, showing that the FICSIT-4 as a balance assessment was able
to discriminate between RA patients with and without
falls in a better way. In contrast, the multiple regression
analysis showed that a combination of age, self-reported
physical activity and mobility by the HAQ and the evaluation of physical performance using the SPPB was the
strongest predictor of falls.
Contrary to expectations, this study did not find that
muscle power variables could predict future falls in the logistic regression models. Muscle power is considered a
key variable in terms of physical performance and activities of daily living. Compared to muscle strength and
muscle mass, it decreases earlier and gets more pronounced over the lifespan [71]. Low muscle power seems
to be a relevant risk factor for falls and the impairment of
activities of daily life in healthy samples over a wide range
of ages [16, 17]. In patients with RA, an association with
falls has not yet been proven [53]. It is important to note
that in the present study, fallers showed lower values in
muscle power of CRT and quite significant for 2LJ. Therefore, muscle power indicated group differences between
fallers and non-fallers, but was not able to predict prospective falls in the logistic regression models. However,
although the AUCs of the adjusted logistic regression
models were significant, indicating that they are likely to
be able to discriminate between falls and no falls, the ORs
were not significant. This is in line with Dionyssiotis et al.
[19] reporting on cross-sectional group comparisons between women with rheumatic diseases, osteoporotic postmenopausal women, healthy postmenopausal women and
healthy premenopausal women. The research team found
a significant decline of all kinematic parameters in women
with rheumatic diseases compared to the other groups.
Possible reasons were the RA disease inherent processes
and the side effects of medication used [19]. Also, Dietzel
et al. [53] investigated muscle power in older individuals
with RA compared to healthy people in a cross-sectional
study. They identified significant group differences with
decreased muscle power compared to the healthy group,
but found no associations with falling. Further prospective
studies, which take muscle power in samples of patients
with RA into account, will need to be undertaken.
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50% [6, 7, 15]. One reason for this may be that the study
was initially powered for the prevalence of sarcopenia in
RA patients. The majority of the sample had low disease
activity and half of the patients were under 60 years of
age. Although the sample consisted of subjects of all
ages, the study included mainly participants who were
physically able to visit the outpatient clinic of a university facility in an urban area. This may also have led to
an underestimation of patients with fear of falling, a fall
history and patients at high risk of falling did not participate in the study. However, the group comparison between fallers and non-fallers showed no significant
difference concerning previous falls as well as the multiple regression model was not significant for fall history.
Furthermore, it is possible that patients have already
participated in a prevention programme for falls or
underwent physiotherapy due to their chronic disease or
a history of falls. As the initial objective of this study was
to evaluate the prevalence of sarcopenia in RA, physical
activity in relation to fall prevention was not assessed
differentially. The variable “physical activity” covers selfreported activity, but not whether it is sport, specific
training or everyday activity.
The strengths of the current study include the prospective one-year study design, the use of quarterly fall
diaries and a low drop-out rate. Nevertheless, the nonresponder sample often showed poor results in the baseline assessment. Therefore, it is possible that the subjects
with high fall risk were lost to follow-up.
As the original study focused on the prevalence of sarcopenia in RA, medication [5], comorbidities [48] and
foot deformities [13, 72] which are known to increase
fall risk were not documented in the study. In particular,
foot deformities in patients with RA have a major impact
on balance, muscle activity, and strength of the lower
limb. As mentioned earlier, each disease management
should include the improvement of the flexibility of the
joints and muscles of the feet and increasing proprioception of the foot for a better postural control.
For the performance of balance, the time-of-day affect
according to Bouchaala et al. [73] plays a crucial role. In
their study of women with RA balance performance and
risk of falls fluctuate during the day and was higher in the
morning and in the evening compared to 2 pm. The researchers reported the influence of stiffness, pain, swelling
and limited range of motion on functional capacities and
balance performance. The time-of-day effect was not considered in this study and the subjects were assessed
throughout the day for reasons of study logistics.

Limitations

There are some limitations in the present study. The results were affected by the relatively low rate of falls during the observational period. Most of the prospective
studies showed higher incidence rates between 36 and

Conclusion
The purpose of the current study was to determine associations of variables of sarcopenia and physical performance with falls in a sample of German patients with RA.
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Sarcopenia according to two different consensus definitions was not associated with prospective falls. The results of this study indicate that age, HAQ, and low FICS
IT-4 score are independently associated with prospective
falls.
Patients with RA are at a higher risk of falls than
healthy subjects. The incidence of fractures and other
fall-related injuries is more pronounced in patients with
RA. Therefore, a fall risk assessment focussing on age,
self-reported physical activity and mobility and physical
performance in patients with RA should be integrated in
all health-care routines. The present study suggests that
the FICSIT-4 score as well as the established SPPB are
promising tools to assess fall-risk in patients with RA.
Future research should examine whether interventions
that improve mobility and proprioception of the foot
and the prevention of joint deformities are able to
reduce fall risk in this patient population.
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