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Abstract

Objective

To investigate muscle stiffness and strength in rheumatoid arthritis patients compared to healthy
controls.

Methods

A sample of 80 RA patients from three discrete groups: 1-newly diagnosed treatment-naive RA
(n=29), 2-active RA for at least 1 year (n=18) and 3-in remission RA for at least 1 year (n=33), was
compared to 40 healthy controls. Shear wave velocity (SWV) was measured using shear wave
elastography as a surrogate for tissue stiffness in multiple muscles. All participants performed
isometric grip strength, timed get-up-and-go test, 30-sec chair stand test and isokinetic knee
extension/flexion(60°/sec). The difference in SWV amongst the groups was tested using one-way
ANOVA, and the correlation between SWV and muscle strength results were calculated using
Pearson’s coefficients.

Results

The mean age+SD was 61.2+12.8 for RA patients and 61.5+10.5 years for controls. SWV was not
significantly different amongst the groups on all muscles (p>0.05). In comparison to controls, the new
and active RA groups showed a significantly lower isokinetic strength by -29%(p=0.013) and -
28%(p=0.040), fewer chair stands by -28%(p=0.001) and -44%(p<0.001), longer walking times by -
25% (p=0.025) and -30% (p=0.001) respectively, and weaker grip strength by -45% for both (p<0.001).
The muscle strength in the remission RA'groups was not significantly lower, except in the isokinetic
knee strength (-21%; p=0.027). The carrelations between SWE and the muscle assessment results
were weak and insignificant (r<0.30; p>0.05).

Conclusions

Significant muscle weakness was demonstrated in patients with RA disease. However, muscle

stiffness was normal and not associated with muscle strength.
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Introduction

Myopathy is a recognised but less investigated clinical feature of rheumatoid arthritis (RA) compared
to other extra-articular manifestations. Its aetiology is thought to be multi factorial including joint
inflammation, myositis, vasculitis and drug-induced myopathies [1, 2]. Few studies have investigated
the frequency of myopathy occurring in RA [1-8]. Most have estimated the prevalence between 6%
and 19% [4-6] whereas others reported it higher at 50%—-70% [2, 7, 8]. All studies utilised invasive
muscle biopsy to investigate the histological and immunohistochemical characteristics. They reported
the presence of inflammatory cell infiltrates [1-5], muscle fibre atrophy [1-4] and fibre size variability [2,
4]. Muscle weakness is a commonly reported complaint in RA patients, which has been associated
with a reduction in quality of life and increased burden on society due to impaired work capacity.[9].
Moreover, recent studies have highlighted the association between muscle weakness in RA and
increased risk of falls [10] and physical disability [11]. Reports show that RA patients have 25%—70%
weaker muscles compared to healthy matched controls [2, 9].

To date, the outline and extent of myopathic features in RA are poorly detailed. There are no
established criteria for diagnosing or managing myopathy in RA. No studies yet have utilised a non-
invasive quantitative method to define and investigate myopathic features in RA. Novel biomarkers
such as muscle stiffness can now be assessed non-invasively'using ultrasound shear wave
elastography (SWE), which may offer new insight into the biomechanical state of RA muscles. The
usefulness of SWE has been demonstrated for.evaluating peripheral muscle deficits [12] and detecting
active idiopathic inflammatory myopathies[13, 14]. The combination of inflammation, atrophy, muscle
weakness and lower muscle density [9;, 15] may hypothesise an impaired elastic property of RA
muscles. Understanding muscle involvement in RA via SWE can help in developing prevention and
therapeutic strategies. Additionally, it can emphasise the breadth of extra-articular manifestations of
RA as a systemic inflammatory disease.

We hypothesised that: 1-SWE can detect an altered muscle stiffness in RA muscles compared to
healthy controls, 2-muscle strength varies depending on disease duration and activity, and correlates
with muscle stiffness. We thus aimed to define muscle stiffness in three cohorts of RA patients: newly
diagnosed untreated, those in disease remission and those who have an ongoing active disease and
compare them to a group of healthy controls. The second aim was to investigate the participants’

muscle strength and evaluate its association with muscle stiffness.



Materials and methods

Study design

This study was conducted in a cross-sectional design. Patients were prospectively recruited from a
single centre (Chapel Allerton Hospital, part of Leeds Teaching Hospitals NHS Trust) between May
2017 and August 2018. The investigations took place in the research facility based at the same centre
(Leeds Biomedical Research Centre). Healthy controls were enrolled to compare the RA patients’
muscle characteristics against. Ethical approval for was granted by the Nottingham UK research ethics
committee (Ref: 17/EM/0079) prior to commencing recruitment. All participants provided a written

informed consent.

Patients

To test muscle characteristics in RA patients, three main groups of varying disease activities were
specified: a- newly diagnosed and untreated (new RA), b- diagnosed over 1 year and in remission
(remission RA), and c- diagnosed over 1 year and is active (active RA):These distinct groups were
defined to study the muscles in active RA but not affected by treatment (new RA), effect of continuing
inflammation and medication (active RA) and no inflammation in RA (remission RA).The eligibility

criteria are detailed below for each group.

Inclusion/exclusion criteria
The inclusion criteria for the RA patients ‘were as follows:
1. 218 years old.
2. Have an established diagnosis of\RA based on the adopted criteria [16].
3. Fornew RA:
3.1. Newly diagnosed with RA.
3.2. Disease-modifying antirheumatic drugs (DMARD)-naive.
4. For active RA:
4.1. Diagnosed with RA for at least 12 months.
4.2. Disease activity score-28 (DAS28) 23.2 at the time of recruitment [17].
4.3. At least two of the following markers of active disease within the past 12 months:

4.3.1. DAS28 =23.2 in at least one additional clinic visit prior to recruitment.



4.3.2. Raised inflammatory markers [(raised C-reactive protein (CRP) and/or erythrocyte
sedimentation rate (ESR)].

4.3.3. Required corticosteroid therapy (intra-muscular or oral) to control the disease.

4.3.4. Ultrasound evidence of active disease. Active disease was determined by the
presence of B-mode (grey scale) synovial hypertrophy with increased power Doppler
signal. The scans were performed as directed by the clinician using a GE LOGIQ E9
machine employing 6—15 MHz linear transducer.

4.3.5. A physician’s determined long-standing active disease for more than one year (based
on clinical RA symptoms, early morning stiffness, joint pain and swelling).

4.3.6. Escalation to, or recent changes in biologic medication.

5. For remission RA:
5.1. Diagnosed with RA for at least 12 months.
5.2. Achieved remission for the past 12 months with a DAS28 <2.6 [18].

5.3. No disease flares during the past 12 months.

The exclusion criteria were a history of any primary muscle disease’(e.g. myositis, muscular
dystrophy, etc.) or neuropathy. The eligibility conditions,described above were adapted from the
established definitions of RA disease activity [16, 18-20]." The eligibility for the active RA group was set
to ensure the inclusion of a prolonged active disease. As for healthy controls, eligibility was based on:
1) being asymptomatic; 2) no previous history of muscle, neurological or joint disorder; 3) not currently
taking or previously taken a corticosteroid treatment for the past three years with doses >5mg/day; 4)
not currently taking or previously taken a HMG-CoA reductase inhibitors (statins) for the past three

years.

Shear wave elastography

SWE was performed using the Aixplorer system (Supersonic Imagine, Aix-en-Provence, France)
operating the SuperLinear™ SL10-2MHz probe. The system estimates tissue stiffness by measuring
the propagation velocity of shear waves (in meters per second, m/s) induced by acoustic radiation
force impulses. Shear wave velocity (SWV) increases proportionally with the elasticity modulus and

can be used as a surrogate for tissue stiffness [21].



The investigated muscles were the quadriceps [vastus lateralis (VL), rectus femoris (RF), vastus
medialis (VM), vastus intermedius (VI1)], hamstrings [biceps femoris (BF), semitendinosus (ST),
semimembranosus (SM)] and biceps brachii (BB) of the dominant side. All muscles were tested in the
most relaxed resting position. For the quadriceps, the participants were supine on a flat bed. For the
hamstrings, they were prone on a flat bed with the knees flexed at 90° and rested on a wall. For the
BB, they were supine and elbow was flexed at 90° with the forearm rested on the body and hand in
supination.

Three repeated measurements of shear wave velocity (SWV) were acquired per muscle and the mean
was reported. The probe was oriented along muscle fibres and rested with minimal load on the‘skin to
avoid tissue deformation. The region of interest size was set at 10mm. These technical acquisition

methods were validated before [22, 23].

Clinical and muscle assessments

Age, sex, body mass index (BMI), global visual analogue scale (VAS) 100mm score of general health,
smoking status (pack-years) and alcohol intake (units/week) were documented. To evaluate the
relationship between muscle stiffness and the patients’ disease status, the DAS28 score, swollen joint
count and tender joint count were reviewed by board-certified rheumatologists. In addition, the main
inflammatory blood markers (CRP and ESR) were recorded.

As muscle weakness is a common symptom.in:RA; muscle strength and function were assessed by a
series of four tests. Isometric handgrip strength was measured using the handheld Jamar Plus+
electronic dynamometer (Lafayette Instrument Company, Lafayette, USA)] by calculating the average
of three measurements of the.dominant hand in units of kilogram-force (kgg) [24]. Next, the expanded
timed get-up-and-go (ETGUG) test was conducted, which involves recording the time to stand from a
chair, walk 10. meters, turn around, walk back and sit down [25]. The participants then performed the
30-second chair stand test (maximum number of chair stands in 30 seconds) [26].

Lastly, isokinetic knee extension/flexion (for quadriceps and hamstrings) was tested using the Biodex
system 4 (IRPS Mediquipe, UK). After warm-up, the participants performed three sets of three knee
extension and flexion repetitions at 100% effort separated by a 30 sec rest period between the sets at
60°/sec angular velocity [27]. The isokinetic strength outcomes of interest were the weight-normalised

peak torque [Newton-meters (Nm)] to represent muscle strength (maximum force generated) and



weight-normalised average power (Watts) to represent muscle power (work done per unit of time).
This test provides an accurate assessment of muscle strength in RA and correlates with disease

activity [28].

Statistical analysis

Due to the lack of prior information and similar studies, no power calculations were carried out to
determine a sample size. However, sample between 12 — 30 per group of interest has been
recommended as a general rule of thumb to provide an acceptable precision around the estimates [29,
30].

Descriptive analyses were employed to present patient characteristics and the main findings. The data
distribution was checked using histogram plots and Shapiro—Wilk test to verify normality. One-way
analysis of variance (ANOVA) followed by Tukey-Kramer corrected post-hoc multiple comparisons to
test the hypothesis of differences in muscle stiffness (i.e. SWV) and strength.assessments amongst
the various groups. Further analyses using two-way analysis of covariance (ANCOVA) were employed
to adjust for the independent effects of age (covariate) and sex (moderator variable). The
hypothesised correlations of SWV with the disease activity variables (i.e. DAS-28 and CRP) and
muscle strength tests were analysed using Pearson’s'correlation coefficients.

Intra-operator reliability for the three repeated measurements were evaluated using intraclass
correlation coefficients (ICC), and were interpreted'as follows: .00—.20 ‘poor agreement’, .21—.40 ‘fair
agreement’, .41-.60 ‘moderate agreement’, .61-.80 ‘substantial agreement’ and >.80 ‘almost perfect
agreement’ [31]. The tests mentioned above were repeated for each muscle evaluated by SWE. P
values <0.05 were regarded assstatistically significant. All statistical analyses were performed on

SPSS version 25 (Armonk, NY: IBM Corp).

Results

Clinical characteristics

A total of 80 RA patients have been recruited, of whom 29 were new RA, 18 active RA and 33
remission RA. Additionally, 40 healthy controls were recruited with a similar age distribution to the RA
groups. The demographic and clinical characteristics of all participants are listed in Table 1. The age

of the control group (61.5 £10.5 years) was not significantly different from the new RA (56.7 £10.6



years; p=0.85), active RA (60.8 £15.9 years; p=0.94) or remission RA (65.9 £11.6 years; p=0.07).
However, the new RA group was younger (-9.2 years; p=0.011) than the remission RA group. None of
the participants had any deformities or disabilities.

Median duration since RA diagnosis and range was 88 month (12—-347 month) for active RA and 59
month (12—-212 month) for remission RA. Early morning stiffness median (interquartile range) was 60
minute (29—60 minute) and 45 minute (30-60) for the active and new RA groups respectively. No
patients in the remission RA group complained of early morning stiffness. Regarding treatment, the
active RA group were on methotrexate (n=8), prednisolone (n=4), rituximab (n=3), etanercept (n=2),
tocilizumab (n=2), hydroxychloroquine (n=2), sulfasalazine (n=1), tofacitinib (n=1), adalimumab«n=1)
and abatacept (n=1). As for the remission RA group, they were on methotrexate (n=26),
hydroxychloroquine (n=8), sulfasalazine (n=5), etanercept (n=4), adalimumab (n=2),.infliximab.(n=2)

and prednisolone (n=1).

Table 1 Demographic and clinical characteristics of the rheumatoid arthritis patients and
healthy controls.

Healthy New RA Active RA Remission o- Post
Characteristic controls (a) (b) (c) RA (d) value' hoct
(n=40) (n=29) (n=18) (n=33)
12 Males 8 Males 4 Males 19 Males

Sex (30%) (28%) (22%) (58%) 0.026 d=a,b,c
Age (years) 61.5(10.5) 56.8 (10/6) 60.9 (15.9) 65.9 (11.6) 0.030 d>b
Height (cm) 166.4 (9.6)  163.9/12.0). 164.1(9.6) 167.8(9.5)  0.41 -
Weight (kg) 75.2(14.1) 1804 (17.7)  74.3(18.6) 76.8(16.0)  0.53 -
BMI 27.2 (4.6) 30.2 (7:6) 27.4 (5.7) 27.1(4.2) 0.10 -
Waist-hip ratio 0.88 (0.09) 0:8870.08) 0.88 (0.10) 0.92 (0.07) 0.24 -
Ever smoked 17 (42%) 16 (55%) 10 (55%) 22 (67%) 0.27 -

pack-years*  25(1854.0) ) P20 BLEA ORETT 0057 ape
Drinking alcohol 23 (57%) 15 (52%) 9 (50%) 25 (75%) 0.17 -

(units/week) " 8 (6=15) 6 (1-15) 13 (3-20) 10 (4-18) 0.80 -
z’rﬁr“:’)*lea'th 10(3-22)  27(15-50)  47(31-58)  9(3-18)  <0.001 ad<bc
Months smee i 0 88 (45-163) 59 (38-77) <0.001 b<d<c

iagnosis
DAS-28 ; 4.7 (1.2) 4.6 (1.0) 1.8(0.3)  <0.001 d<bc
Swollen joints - 8.0 (5.9) 4.4 (3.5) 0 <0.001  d<c<b
Tender joints - 9.7 (7.0) 10.2 (5.9) 0 <0.001 d<b,c
CRP (mg/l)* - 10 (5-23) 6 (5-25) <5.0 0.003  b>d
ESR (mm/hr)* - 26 (13-48) 13 (5-32) 11(8-17)  0.018  b>d

Data in brackets represent standards deviation for means, or percentages for ratio.

* Median (interquartile range).

T p-values significant at 95% are highlighted in bold. Continuous variables tested via one-way
ANOVA, and categorical data tested using Chi-square test.



T The signs > or < indicate that the group(s) are significantly higher or lower at 0.05 significance level
compared to others.

VAS=Visual analogue scale of health; DAS=Disease activity score; CRP= C-reactive protein; ESR=

Erythrocyte sedimentation rate.

Shear wave elastography

The SWE for the healthy controls and RA groups are presented in Table 2 and Figure 1 to investigate
the first hypothesis of altered RA muscle stiffness compared to healthy controls. The results of the
one-way ANOVA in the last column of the table showed no significant differences between the groups
(p>0.05). The tendency observed in the VM muscle (p=0.052) was further analysed after adjusting for
age using the ANCOVA test, which confirmed the lack of SWV statistical difference (p=0.149) amongst
the participants. Age, however, had a significant effect on SWV measurements in VM (p<0.001). This
significant effect of age was also observed after further analysis on VL (p=0.011), RE/(p<0.001), VI
(p=0.014), BB (p<0.001), BF (p=0.003), ST (p<0.001) and SM (p=0.029), but not'in BB (p=0.86). In
contrast, sex had no significant impact on SWV measurements (all'p>0.10):

Despite the lack of statistically significant differences, the descriptive statistics in Table 2 showed that
the active group had on average 5% difference in the quadriceps’and hamstrings SWV compared to
healthy controls. The difference was highest over the'SM muscle at 7.5% (1.60 versus 1.48 m/s),
though it was not statistically significant in post hoc. multiple comparisons (p=0.34). A higher difference
at 8.6% (p=0.21) in the same muscle was noted between the active RA (1.48 m/s) and remission RA
(1.62 m/s).

Comparing the healthy controls.toa pooled group of all RA patients also showed no significant
differences between theirmean SWV measurements [VL (p=0.24), RF (p=0.86), VM (p=0.08), VI
(p=0.97), BB (p=0.35), BF:«(p=0.27), ST (p=0.23) and SM (p=0.47)]. A lack of significant difference was
also observed when comparing RA groups amongst each other [VL (p=0.41), RF (p=0.87), VM
(p=0.14), VI (p=0.14), BB (p=0.50), BF (p=0.34), ST (p=0.37) and SM (p=0.22)].

Intra-operator reliability for the repeated measurements were all above 0.80 indicating ‘almost perfect’
reliability [31]. The ICC (95% CI) were 0.97 (0.95-0.98) for VL, 0.95 (0.93-0.96) for RF, 0.99 (0.98-
1.0) for VM, 0.93 (0.90-0.95) for VI, 0.94 (0.91-0.96) for BB, 0.97 (0.96-0.98) for BF, 0.95 (0.94-0.97)

for ST and 0.96 (0.95-0.97) for SM.



Correlation with clinical variables

Correlation analysis showed no significant associations between SWV and DAS-28 across all

muscles. The correlation coefficient (p-value) were 0.06 (p=0.59) for VL, 0.09 (p=0.45) for RF, 0.12

(p=0.32) for VM, -0.01 (p=0.91) for VI, 0.15 (p=0.18) for BB, -0.07 (p=0.53) for BF, 0.02 (p=0.85) for

ST and -0.15 (p=0.19) for SM. Similar results of poor (r<0.3) and insignificant (p>0.05) coefficients

were observed between SWV and CRP as well as ESR.

Table 2 Shear wave velocity measurements for all participants.

Muscle

Vastus lateralis

Rectus femoris

Vastus medialis

Vastus intermedius

Biceps brachii

Biceps femoris

Semitendinosus

Semimembranosus

Mean values represent shear wave velocity in units of m/s.

Healthy controls New RA Active RA Remission.RA
(n=40) (n=29) (n=18) (n=33)
Mean 95%  Mean 95% Mean 95% Mean  95%
(SD) Cl (SD) Cl (SD) Cl (SD) Cl
1.64 1.59- 1.63 1.54— 1.55 1.47— 1.58 1.5-
(0.15) 1.69 (0.26) 1.73 (0.17) 1.64 (0.21) 1.65
1.69 1.64— 1.68 1.61- 1.70 1.62— 168 1.63-
(0.15) 1.74  (0.18) 1.75 (0.16) 1.78 (0.14) 173
1.62 1.57- 1.62 1.49- 1.52 1.42— 1.50 1.44-
(0.17) 1.68 (0.32) 1.76 (0.20) 1.62 (0.18) 1.57
1.84 178 1.78 1.70= 1.93 1.80— 185 1.76-
(0.19) 1.91 (0.22) 1.87 (0.25) 2.06 (0.25) 1.94
1.83 1.78- 1.92 1.78— 1.81 1.74— 189 1.77-
(0.18) 1.89 [ (0.36) 2.06 (0.14) 1.88 (0.35) 2.01
1.57 1.52=, 156 1.47—- 1.46 1.36— 154 1.47-
(0.18) 1.63, (0.23) 1.64 (0.21) 1.57 (0.21) 1.62
1.56 1.51—- 1.53 1.47—- 1.45 1.37- 154 1.45-
(0.17) 1.62 (0.16) 1.59 (0.17) 1.54 (0.25) 1.63
1.60 1.55- 1.54 1.48— 1.48 1.38- 162 1.48-
(0.16) 165 (0.15) 1.60 (0.18) 1.57 (0.41) 1.77

p_
value'

0.32

0.96

0.052

0.21

0.45

0.30

0.30

0.21




Muscle assessments

The participants’ performance in the muscle assessment tests are described and compared in Table 3
to investigate the second hypothesis of muscle strength variability depending on disease duration and
activity. The results are also graphically represented in Figure 2 and Figure 3. A summary of the mean
difference percentages for the RA groups compared to the healthy control group are displayed in
Figure 4.

Overall, the RA patients’ performance was worse than healthy controls across all tests. Though, the
remission RA patients performance was not significantly different to the healthy control group except
in the isokinetic knee flexion strength (-21%, p=0.027). In contrast, the new and active RA groups
exhibited significant muscle weakness.

Correlation with muscle stiffness and clinical variables

The correlations in Table 4 indicates that the SWV measurements were not associated with significant
positive or negative changes in any of the muscle test results in RA patients..Evaluating the
association between disease activity (i.e. DAS-28) and the muscle assessment outcomes showed that
it moderately correlated with ETGUG total walking time (r=0.473; p<0.001), number of chair stands (r=
-0.369; p=0.001), handgrip strength (r=-0.609; p<0.001), knee‘extension torque (r=-0.356; p<0.001)

and knee flexion torque (r=-0.249; p=0.001).



Table 3 Muscle assessment results for all participants.

Remission

Test

ETGUGT, Total
time (sec)
Number of chair
stands in 30 sec
Handgrip
strength (kgg)
Knee extension
torque (Nm/kg)
Knee flexion
torque (Nm/kg)
Knee extension
power (W/kg)
Knee flexion
power (W/kg)

Healthy
New RA (b)  Active RA (c)

controls (a) RA (d)

Mean 95% Mean 95% Mean 95% Mean 95%
(SD) Cl (SD) Cl (SD) Cl (SD) Cl

16.6 153- 207 187- 215 187- 182 16.6—
(43) 180 (5.7) 229 (6.3) 245 (45 197
17.0 152- 123 101- 95 6.6— 14.0 12.1-
(5.8) 188 (6.0) 145 (6.3) 124 (54) 158
315 274- 173 146- 173 13.7- 266 23.1-
(13.7) 359 (81) 205 (84) 215 (10.9) 30.6
129 116- 106 0.89- 093 0.72- 1.20 1.06-
(0.42) 142 (045) 1.22 (0.47) 1.15 (0.40) 1.33
0.75 066- 053 043- 060 046- 059 0.50-
(0.27) 0.83 (0.27) 0.63 (0.29) 0.73 (0.25) 0.67
0.75 066- 058 047- 052 0.37- 0.68 0.59=
(0.29) 0.84 (0.30) 069 (0.32) 0.67 (0.28) 0.78
047 041- 032 0.25- 0.34 0.25- 034  0.28-
(0.18) 052 (0.19) 0.39 (0.21) 0.44 (0.18) 0.40

p_
value

0.002

<0.001

<0.001

0.026

0.006

0.029

0.005

Post

hoc

a>b,c
a>b,c
a,d>b,c
a>c
a>b,d
a>c

a>b,d

Mean results are presented as unweighted marginal means adjusted by sex and age in two-way

ANCOVA.

* The signs > or < indicate that the group(s) are significantly higher or lower at 0.05 significance level
compared to others.



Table 4 Correlation coefficients showing no significant association between shear wave

velocity and results of the muscle assessment tests in RA patients.

VL RF VM VI BB BF ST SM
ETGUGT,
-0.02 -0.12 0.02 -0.17 -0.18 0.13 0.05 -0.01
Total time
(sec) (p=0.83) (p=0.3) (p=0.87) (p=0.13) (p=0.11) (p=0.26) (p=0.63) (p=0.91)
30-sec Chair -0.18 -0.08 -0.05 -0.09 -0.04 0.1 0.02 0.12
stand test (p=0.12) (p=0.46) (p=0.66) (p=0.43) (p=0.71) (p=0.38) (p=0.89) (p=0.31)
Handgrip 0.02 -0.07 -0.02 0.02 -0.22 0.1 0.08 0.01
Strength (kgg) (p=0.86) (p=0.56) (p=0.88) (p=0.88) (p=0.05) (p=0.35) (p=0.51) (p=0.93)
Knee
) -0.03 -0.04 -0.17 -0.01 -0.17 0.1 0.18 0.14
extension
(p=0.78) (p=0.75) (p=0.14) (p=0.9) (p=0.14) (p=0.39) (p=0.13) (p=0.22)
torque (Nm/kg)
Knee flexion 0.01 0.01 -0.01 0.01 -0.2 042 0.08 -0.02
torque (Nm/kg) (p=0.96) (p=0.94) (p=0.9) (p=0.99) (p=0.08) (p=0.28) (p=0.49) (p=0.85)
Knee flexion -0.05 -0.02 -0.11 -0.04 -0:17 0.09 0.09 0.03
power (W/kg) (p=0.68) (p=0.89) (p=0.36) (p=0.71) (p=0.15) (p=0.42) (p=0.43) (p=0.78)
Knee
) -0.02 -0.12 0.02 -0.17 -0.18 0.13 0.05 -0.01
extension
(p=0.83) (p=0.3) &(p=0.87)! (p=0.13) (p=0.11) (p=0.26) (p=0.63) (p=0.91)
power (W/kg)

Data presented as correlation coefficients (p-value) based on Pearson’s test.

Discussion

Our main aim*was torexplore muscle stiffness in RA patients compared to a healthy population.

Despite the tendency for RA patients to have a lower muscle stiffness (i.e. lower SWV) compared to

healthy controls, especially those with active disease, the differences were not statistically significant.

This main finding does not substantiate our proposed hypothesis of altered muscle stiffness in RA,

although, it confirms the effect of ageing on muscle stiffness [32].

The normal muscle stiffness in RA, as indirectly measured by SWE, may indicate that the degree of

reported muscle fibre atrophy and inflammatory cell infiltrates in RA subjects might not be profound



enough to detrimentally affect the biomechanical properties of skeletal muscles. This argument can be
supported by the studies on myositis patients [14, 33], where significant structural changes (i.e. fibre
atrophy) and inflammation (i.e. oedema) were associated with abnormal elastography results.
Additionally, the prevalence of such myopathic features in RA was also low as reported previously [4,
5].

The second main finding was that all RA patients exhibited a significantly lower strength and functional
performance based on the objective muscle assessment tests employed. The positive muscle
weakness, but lack of abnormal SWV, may suggest other primary intrinsic (intracellular) muscular
dysfunction factors rather than an altered biomechanical property in skeletal muscle. For example,
impairment in the metabolic process of reactive nitrogen species in RA muscles can attack the
proteins responsible for force production (actin and myosin) [34]. Similarly, a molecular imbalance in
the Ca®* release can cause myofibrillar dysfunction [9].

By contrast, other researchers support the theory that secondary factors promote muscle weakness in
RA. For instance, the disuse due to a sedentary lifestyle, joint deformity, painvand stiffness, and the
increase in energy expenditure during rest are factors attributable to muscle deconditioning and
subsequent weakness in RA [15, 35, 36]. These factors'might lead to secondary muscle wasting [35].
Indeed, Baker et al. [15] showed that RA patients have.a significant skeletal muscle mass deficit
compared to healthy controls (p<0.001). However, Helliwell and Jackson argued that the reduction in
strength is often greater and precedes what could be explained by muscle mass decline in RA [36].
Their argument was later supported by others [37, 38].

It is important to highlight the difficulty of directly assessing the influence of inflammation on the results
of strength assessments due to'the secondary factors mentioned above. Our results revealed that the
weakness might vary depending on disease activity. The presented percentages of muscle weakness
deficits match those observed in previous studies. In isokinetic knee strength testing, Madsen et al.
[39] reporteda.<32% reduction in extension strength (-28% in this study) and -28% reduction in flexion
strength (-20% in this study) over a group of active RA. A lesser reduction of -22% in extension
strength and -28% in flexion strength was reported by Meireles et al. [40]. In remission RA, another
study found comparable differences in flexion strength of -29% (-21% in this study) and extension

strength of -9% (-7% in this study) [41].



As for grip strength weakness, the presented difference of -45% in the new and active RA is in
agreement with the -43% average reduction calculated in a large meta-analysis of more than ten
thousand RA patients [42]. Using another variation of the chair stand test, one study found a slightly
worse performance of -23% in remission RA compared to -18% in this study [41]. Similar to our
observations, Bohler et al. [43] used the chair stand test and a shorter version of the ETGUG, and
demonstrated that RA patients in higher disease activity categories generally performed worse than
patients in remission. They reported a significant correlation for DAS-28 with chair standing and
walking time of -0.314 (p<0.05) and 0.437 (p<0.001) respectively, which are close to what we reported
(-0.369 for chair stand; 0.473 for ETGUG).

Although the remission patients had better results in most of the tests compared to the new and active
RA patients, they performed worse than controls in all strength and function assessmentsy This
suggests that although modern therapies may be effective in counteracting disease activity, there may
be other aspects such as RA-induced weakness that require further investigations [9]. Thus, future RA
therapies could trial the use of conventional effective treatments coupled withiresistance exercises to
control disease activity and improve muscular strength respectively, and'perhaps even consider
muscle protein stabilising compounds [9]. Generally, the higher muscle strength in the remission RA
patients reinforces the importance of achieving this disease state.

As the biomechanical properties of skeletal muscles do not appear to be compromised in RA, the
focus of future SWE research might be better'directed at pathologies of primary muscle disease, such
as idiopathic inflammatory myopathies’[13, 14], Duchenne muscular dystrophy [44] and muscle
spasticity [45]. Besides, the scale of observed muscle weakness calls for researchers to develop
assessment methods that can readily,assist healthcare professionals in identifying patients at risk.
Also, a better understandingfof the various aspects associated with muscle quality in RA is vital for
developing novel muscle-related interventions. Stanmore [46] has published useful recommendations
for assessing and preventing falls in RA, which could be a helpful resource for RA-associated muscle
impairment.

Our study has some limitations. There were unequal numbers of patients in each patient group. It has
been previously been recognised that achieving an equal number of participants in each category is
challenging in observational studies in contrast to experimental studies [47]. In our study, it was

particularly difficult to recruit the active RA patients (smallest group, n=18) since cases seldom persist



with such prolonged and uncontrolled disease activity, as a result of close disease monitoring. To
mitigate the effect of this limitation on the results, type Il sums of squares and unweighted marginal
means were used in the statistical analysis when possible. This also addressed the larger ratio of male
patients in the remission group. A second limitation reflects the investigation of only large upper and
lower limb muscles. Smaller muscles, such as the hand muscles, were not evaluated. Finally, we did
not perform inter-reader reliability due to the unavailability of a second reader.

In conclusion, muscle stiffness, as evaluated using SWE, did not appear to be affected in RA patients
from various cases of disease activity compared to healthy controls. However, muscle strength and
physical performance were significantly reduced in RA patients. This reduction did not correlaterwith
SWE measurements of muscle stiffness. Rather, the weakness is believed to be a result of a
complicated mixture of primary (e.g. intracellular molecular imbalance) and secondary (e.g. myofibre
deconditioning due to disuse) factors. Doubts remain regarding muscle quality in RA eonsidering the
lack of clinically meaningful criteria to define RA-associated muscle impairment. The muscle
weakness results call for interventions focused on improving muscle strengthvand physical function in

RA to prevent consequent disability.
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