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ABSTRACT

Objective/Aim: To estimate the prevalence
of sarcopenia in post-menopausal women
with rheumatoid arthritis (RA) and to investi-
gate possible correlation with disease param-
eters. Methods: Eighty post-menopausal
women with RA and thirty post-menopausal
controls were enrolled in this cross-sectional
study. RA patients were further divided in two
groups according to the existence of sarco-
penia. Sarcopenia was defined according to
EWGSOP-II recommendations and osteopo-
rosis as a T-score<-2.5 in femoral neck bone
mineral density. Biomarkers of bone turn-
over were determined. RA disease activity was
calculated using the DAS28-ESR score and
inflammatory markers (ESR, CRP). Functional-
ity was calculated with the HAQ-DI score and
seropositivity was determined according to RF
and anti-CCP antibodies. Results: Thirty-two
post-menopausal women with RA (39%) met

the EWGSOP-II criteria for sarcopenia. None of
the control subjects was detected with sarco-
penia (p<0.0001). All parameters that define
sarcopenia were significantly lower in the
RA group. Sarcopenic RA patients had signifi-
cantly lower mean BMI (27.1 kg/m2 vs. 30.5
kg/m2, p=0.008), daily physical activity (IPAQ
score) (1213 vs 2867, p<0.0001), mean skele-
tal muscle mass (ASMI) (5.2 kg/m2 vs 6.6 kg/
m2, p<0.0001) and handgrip strength (13.7
kg vs 20.1 kg, p<0.0001). No differences were
observed in disease parameters or in biomark-
ers of bone turnover. IGF-1 was the only param-
eter that differed between the sarcopenic and
non-sarcopenic RA patients (90.1 ng/ml vs
112.8 ng/ml, p=0.024). Conclusion: Sarcopenia
is more common in RA patients. Sarcopenic RA
patients had lower BMI, IPAQ, ASMI and hand-
grip strength. IGF-1 was the only parameter that
wassignificantlylowerinsarcopenicRA patients.
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INTRODUCTION

Rheumatoid arthritis (RA) is a systemic
inflammatory autoimmune disease. It mani-
fests as a mild oligoarticular syndrome or as a
chronic progressive polyarthritis with impair-
ment of functionality.! Patients with RA are at
greater risk for sarcopenia, osteoporosis, and
associated morbidity compared to the general
population.?

The first attempt to define sarcopenia is
attributed to Irwin Rosenberg, who described it
in 1989 as “a decline in muscle mass”. He used
the Greek words “sarx” or “sarka,” which mean
flesh, and “penia,” which means scarcity.® The
European Working Group on Sarcopenia in the
Elderly (EWGSOP) in 2010 defined sarcopenia
as “a syndrome characterised by progressive
and generalised loss of skeletal muscle mass
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and strength with a risk of adverse outcomes,
such as poor physical quality of life and death”.*
In 2019 the EWGSOP updated the definition of
sarcopenia. The main differences are: 1) diag-
nosis requires documentation of low muscle
strength and low muscle mass, while physical
performance is used to categorise the severity
of sarcopenia; and 2) new cut-off points were
recommended.® Although the term “sarcope-
nia” was originally intended to refer to the
elderly, the increased prevalence of autoim-
mune diseases in younger patients has led to a
special focus in this population. “Primary sarco-
penia” refers to age-related sarcopenia without
a recognised cause, whereas “secondary sarco-
penia” happens when one or more causes, like
RA, have been identified.’

The EWGSOP has established guidelines for
diagnosing sarcopenia in clinical practice with
the help of imaging modalities. The DXA method
is broadly used for measuring muscle mass
since it is a cheap, quantitative method, usually
available in clinical practice, which shows a
good correlation with more accurate measure-
ments made through computed tomography
and magnetic resonance tomography.® Muscle
strength is commonly assessed by using a hand-
grip dynamometer, whereas physical perfor-
mance can be measured by use of the Short
Physical Performance Battery (SPPB).”

Trying to designate the additional morbid-
ity caused by a combination of osteoporosis
and sarcopenia, Duque was the first investiga-
tor to use the term “osteosarcopenia”. Accord-
ing to this definition, osteosarcopenia is a
syndrome defined by a combination of low
bone mineral density (osteopenia/osteoporo-
sis) and decreased muscle mass, strength, and/
or functional capacity (sarcopenia) resulting in
a greater number of falls, fractures, and hospi-
talisation.?

It has been documented that inflammation
is an important stimulus for both sarcopenia
and osteosarcopenia in RA patients. The sarco-
penia observed in RA is due to an overproduc-
tion of proinflammatory cytokines (IL-6, TNF-a
and IL-1f3), oxidative stress and reduced physi-
cal activity, which in combination lead to exag-
gerated catabolism of proteins and subsequent
muscular breakdown.’ Furthermore, failure
to control well-established active disease (a
common clinical scenario) leads to prolonged
iatrogenic exposure to glucocorticoids, which
adds to the loss of muscle mass.’® For this
reason, treatment with targeted disease-modi-
fying drugs drastically prevents protein catab-

olism caused by inflammatory cytokines.'

Despite the above evidence, the relationship
between sarcopenia and inflammatory arthri-
tis remains under investigation. The aim of this
cross-sectional study is to estimate the preva-
lence of sarcopenia in a population of post-
menopausal women with RA and to investi-
gate a possible correlation with clinical and
biochemical parameters.

MATERIALS AND METHODS
Study design

This is a cross-sectional case-control study
including post-menopausal women with rheu-
matoid arthritis and healthy controls.

The post-menopausal status was intentionally
selected to tackle the influence of sex hormones
in the development of the musculoskeletal
system.”

RA diagnosis was made according to 2010
ACR/EULAR classification criteria.’> Exclusion
criteria were: pre-menopausal status, diffi-
culty to walk by oneself, joint arthroplasty with
metallic implants, major hand and/or foot joint
deformities, patients with malignancy and
patients with chronic comorbidities (renal fail-
ure, liver failure).

By applying a convenience sampling method,
we randomly recruited subjects who visited the
ambulatory outpatients of the Rheumatology
Department of “KAT” General Hospital, Athens,
Greece. Between January 2019 and February
2020. Patients with already diagnosed RA under
treatment and healthy controls were recruited
at a random ratio.

The institutional scientific and ethics commit-
tee approved the study protocol (decision
number: 8690 / 8-7-2019). All participants
signed an informed consent form.

Study measures

Sarcopenia diagnosis was made upon docu-
mentation of low muscle strength and low
muscle mass. Physical performance was used
to further categorise the severity of sarcope-
nia based on the updated EWGSOP2 sarcopenia
definition criteria.’® All the above parameters
were evaluated by a trained occupational thera-
pist.

Body muscle mass measurements were made
by whole-body dual-energy X-ray absorptiom-
etry (DXA Lunar Prodigy Pro, GE). The Appen-
dicular Skeletal Muscle Index (ASMI) was
calculated as the sum of upper and lower limb
muscle mass divided by squared height (kg/
m?). According to the ESPEN (European Society
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of Clinical Nutrition and Metabolism) Diagnos-
tic Criteria for Sarcopenia the cut-off values for
the ASMI index in women were set at 5.45 kg/
m?!* Subjects with values lower than 5.45 kg/
m? were characterised as having “low muscle
mass”.

Bone mineral density (BMD) at the lumbar
spine and femoral neck was also calculated by
DXA. Osteoporosis was defined as low bone
mineral density (BMD) with a T-score < -2.5.%

Physical performance was assessed with the
Short Physical Performance Battery (SPPB)
tool.*® This tool consists of 3 tests and the score
ranges from 0 to 12 points, where 210 points
indicate good functioning, 7-9 points indicate
moderate functioning and <6 points indicate
reduced functioning.!” Moreover, patients and
controls completed the International Physical
Activity Questionnaire (IPAQ), a standardised
questionnaire used to evaluate their daily phys-
ical activity.'®

The assessment of muscle strength was
performed with use of the hand dynamometer
method (JAMAR digital hand dynamometer:
Patterson Medical, IL, USA). Cut-off levels were
defined as <20 kg for women, according to the
EWGSOP sarcopenia diagnostic criteria also
endorsed by ESPEN.*

Disease specific data included: the date of
diagnosis, the duration of the disease, the sero-
positivity for anti-cyclic citrullinated peptide
(anti-CCP) and rheumatoid factor (RF) and the
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treatments administered for both RA and osteo-
porosis. Disease activity was estimated with
use of the DAS28-ESR score. (20) Patient func-
tionality was assessed with use of the Health
Assessment Questionnaire Disability Index
(HAQ-DI).2t

Biochemical measurements

All blood samples were collected after over-
night fasting, centrifuged within 1h from the
collection (at 3000 rpm for 10 min), aliquoted
and stored at -80 °C until tested. Serum total
calcium magnesium and phosphorus were
measured with a colorimetric assay on Archi-
tect-8000 Automated Clinical Chemistry anal-
yser (Abbott, Chicago, IL). The total analytical
imprecision of both assays in our laboratory is
<1.0%. Serum creatinine measurements were
performed with a Jaffe modified method trace-
able to IDMS on Architect-8000 Automated
Clinical Chemistry analyser (Abbott, Chicago,
IL). The total analytical imprecision of this assay
in our laboratory is <2.5%. Serum total alka-
line phosphatase activity was measured with
a colorimetric method that is traceable to IFCC
reference measurement procedure on Archi-
tect-8000 Automated Clinical Chemistry analy-
ser (Abbott, Chicago, IL).

Serum albumin was measured with a colo-
rimetric BCG (bromocresol green) assay. On
Architect-8000 Automated Clinical Chemistry
analyser (Abbott, Chicago, IL) The total analyti-
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Figure 1. ROC curve for the relationship between
IGF-1, IPAQ and sarcopenia in the RA population.
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Table 1. Study variables and comparisons between patients with RA and controls.

All patients (n=80)

Controls (n=30)

Demographics
Age (years) 66 (+9) 64 (+7) 0.08
Mean (+SD)
BMI (kg/m?) 29.2 (¥5.5) 26.3 (+4.1) 0.012
Mean (+SD)
Disease parameters
Anti-CCP n (%) 31 (40.8% A
RE n (%) 31(41.3% A
Glucocorticoids n (%) 37 (47.4% A -
MTX n (%) 40 (51.3% A -
LEF n (%] 18 (23.1% A -
HCQ n [%) 3 (3.8%) A -
bDMARD n (%) 46 (59%) A -
ESR (mmHg) 26 (+18) 15 (+7) 0.001
Mean (+SD)
CRP (mg/dl) 123 (21.92) 0.34 (x0.13) 0.012
Mean (+SD)
DAS 28-ESR 3.89 (£1.70)
Mean (+SD)
High disease activity n (% 21 (26.9%
Moderate disease activity n (%) 27 (34.6% NA -
Low disease activitgr n(% 13 (16.7%
Remission n (%) 17 (21.8%
HAQ-DI 0.89 (x0.58)
Mean (+SD)
Functional remjssion n g%) 41 52.6%} NA -
Moderate disability ng 0) 32 (41.0%
Severe disabilityn (%) 5 (6.4%)
Osteoporosis parameters
Osteoporosis n (%) 22 (28.2%) 11 (37.9%) 0.260
Bisphosphonates n (%) 32 (41%) 5 (16.7%) 0.050
enosumab n (%) 6 (7.7%]) 11(3.3%) 0.407
Teriparatide n (%) 0 0 -
Calcium supplement n (%) 46 (59%) 5(16.7%) 0.007
Vitamin D supplement n (%) 51 (65.4%) 8 (26.7%) 0.030
Fracture n (%) 30 (38.5%) 9°(30% 0.931
Hip fracture n (% 2 (2.6% 2 (6.7%, 0.323
Vertebral fracture n (%) 4 (5.1% 3(10% 0.189
Other fracture n (%) 25 (32.1%) 5 (16.7%) 0.257
Sarcopenia parameters
Sarcopenian (%) 32 (39%) 0 <0.0001
ASMI (kg/m?) 6.05 (£0.86) 6.72 (x1.61) 0.006
Mean (+SD)
Hand grip (kg) 17.5 (¥12.5) 31.1(+10.4) <0,0001
Mean (+SD)
SPPB 7 (+2) 11 (1) <0.0001
PAQ 2186 (£2062) 2438 (£1452) 0.696
Mean (£SD)
Low <600 n B%) 19 (23.8%) 2 £6%g
Moderate 600-3000 n (%) 36 F45%} 19 (( 3.3%)
High >3000 n (%) 23 (29% 9(30%)
Osteosarcopenia
Osteosarcopenia n (%) 12 (15.4%) [ 0 0.009
Bone metabolism
Ca (mg/dL) 9.4 (£0.5) 9.2 (£0.3) 0.039
Mean (+SD)
Alb (gr/dL) 4.2 (¥0.3) 4.3 (+0.8) 0.497
Mean (+SD)
P (mg/dL) 3.5 (+0.5) 3.6 (x0.4) 0.161
Mean (+SD)
Mg (mg/dL) 1.9 (£0.4) 2.4 (+0.5) <0.0001
Mean (+SD)
Cr (mg/dLJ 0.76 (£0.16) 0.7 (0.08) 0.146
Mean (+SD)
ALP (1U/L) 68 (£24) 65 (£17) 0.470
Mean (+SD)
BALP (ng/ml) 12.7 (+4.6) 19.6 (£10.6) 0.002
Mean (+SD)
PTH (pg/mL) 53.9 (¢22.3) 38.7 (x15.9) 0.002
Mean (+SD)
25(0H)D3 (ng/mL) 30.1 (+x10.1) 249 (¥11.1) 0.021
Mean (+SD)
TSH (uU/mL) 1.5 (¢1.1) 2.2 (x2.9) 0.112
Mean (+SD)
OCN (mg/L) 16.9 (£8.9) 19.7 (£7.1) 0.132
Mean (+SD)
CTx (pg/mL) 0.28 (£0.18) 0.34 (x0.17) 0.102
Mean (+SD)
IGF-1 (ng/mL) 103.4 (x42.9) 121.3 (£34.9) 0.053
Mean (+SD)

Data are presented as means (*
SD) or n (%). BMI: Body mass
index; Anti-CCP: anti-cyclic cit-
rullinated peptide antibody; RF:
Rheumatoid factor; MTX: Metho-
trexate; LEF: Leflunomide; HCQ:
Hydroxychloroquine; bDMARD,
biological disease-modifying
antirheumatic drugs; ESR: Eryth-
rocyte Sedimentation Rate; CRP:
C-reactive protein; DAS28-ESR:
disease activity score in 28 joints-
erythrocyte sedimentation rate;
HAQ-DI: Health Assessment Ques-
tionnaire Disability Index; ASMI:
skeletal muscle mass index; SPPB:
Short Physical Performance Bat-
tery; IPAQ: International Physical
Activity Questionnaire; Ca: cal-
cium; Alb: albumin; P: Phosphorus;
Mg: magnesium; Cr: creatinine;
ALP: alkaline phosphatase; BALP:
bone alkaline phosphatase; PTH:
parathyroid hormone; 25(0H)D3:
25-hydroxyvitamin D3; TSH: thy-
roid stimulating hormone; OCN:
osteocalcin; CTx: cross-linked C-
telopeptide of type I collagen; IGF-
1: insulin-like growth factor 1; NA:
not applicable.



Table 2. Comparisons between RA patients with and without sarcopenia.

Patients with Patients without P-value
sarcopenia sarcopenia
(n=32,39%) (n=48, 61%)
Demographics
Age (years) 67 (+9) 65 (£9) 0.150
Mean (+SD)
BMI (kg/m?) 27.1 (£5.9) 30.5 (¥4.9) 0.008
Mean (+SD)
Disease parameters
Anti-CCP n (%) 13 (41.9%) 18 (40%) 0.86
RF n (%) 12 (40%) 19 (42.2% 0.84
Glucocorticoids n (%) 4 (45.2% 2" (48.9% 0.74
MTXn (% 6(51.1% 24 (51.6% 0.962
LEF n (%] 1(35.5% 7 (14.9%) 0.035
HCQ n (%) 1(3.2%) 2 (4.3% 1.000
bDMARD 1 (%) 16 (51.6%) 30 (63.8%) 0.283
ESR (mmHg) 30 (£22) 24 (£14) 0.196
Mean (+SD)
CRP (mg/dI) 1.29 (x2.25) 1.19 (x1.69) 0.823
Mean (+SD)
DAS 28-ESR 3.75 (¥1.49) 3.99 (1.83) 0.525
Mean (£SD
High disease activity n (% 6.1% 16 (34.0%
Moderate disease acthlty n %) 15 48 4% 12 (25. 50/
Low disease acthlt(}/ n( 6. 1% 8 (17.0%
Remission n 19.4% 11123.4%
- 0 78+0.53 0.97+0.60 0.148
Mean (+SD
Functional remission n g% 19 61.3%3 22 46.8%%
Moderate disability ng 10 (32.3% 22 (46.8%
Severe disability 1 (%) 2 [6.5%) 3 (6.4%)
Osteoporosis parameters
Osteoporosis n (%) 12 (38.7%) 10 (21.3%) 0.094
Bisphosphonates n (%) 15 (48.4%) 17 (36.2%) 0.283
Denosumab n (%) 3(9.7%) 3 T6 4%) 0.677
Teriparatide n (%) 0 -
Calcium supplement n (%) 21 (67.7%) 25 (53 2%) 0.20
Vitamin D supplement n (%) 2 (71%) 61.7%) 0.40
Fracture n (% 11 (35.5%) 19 40.4%) 0.661
Bfracturen ) 0 2 (4.3% 0.515
Vertebral fracture n (%) 0 4(8.5% 0.147
Other fracture n (%) 11 (35.5%) 14 (29.8%) 0.598
Sarcopenia parameters
ASMI (kg/m?) 5.20 (x0.35) 6.61 (+0.58) <0.0001
Mean (+SD)
Hand grip (kg) 13.7 (£8.6) 20.1 (x14.0) 0.014
Mean (+SD)
SPPB 7 (£2) 7 (£3) 0.318
Mean (+SD)
IPAQ 1213 (21073) 2867 (x2297) <0.0001
an (£SD
600 r(l (‘V 13 (68.4%) 631 .6%.
600 30 n /o) 16 44%\) 2 56/
n (% 2( 21 (91.3%)
Bone metabolism
Ca (mg/dL) 9.2 (£1.4) 9.5 (£0.5) 0.177
Mean (+SD)
Alb (mg/dL) 4.2 (£0.4) 4.3 (£0.3) 0.106
Mean (+SD)
P (mg/dL) 3.5 (%0.6) 3.4 (+0.5) 0.372
Mean (+SD)
Mg (mg/dL) 1.9 (¥0.2) 1.9 (x0.5) 0.426
Mean (+SD)
Cr (mg/dL) 0.79 (+¥0.19) 0.75 (x0.13) 0.222
Mean (+SD)
ALP (IU/L) 74 (£31) 64 (£17) 0.058
Mean (+SD)
BALP (ng/ml) 13.6 (£5.8) 11.9 (£3.3) 0.156
Mean (+SD)
PTH (pg/mL) 57.1 (¥23.3) 51.9 (¥21.6) 0.319
Mean (+SD)
25(0H)D3 (ng/mL) 30.8 (x12.2) 29.6 (+8.5) 0.631
Mean (£SD)
TSH (pU/mL) 1.3 (x0.9) 1.7 (¥1.2) 0.202
Mean (+SD)
OCN (mg/L) 18.7 (¢9.9) 15.6 (¢8.1) 0.167
Mean (+SD)
CTx (pg/mL) 0.32 (¥0.21) 0.25 (+0.15) 0.099
Mean (+SD)
IGF-1 (ng/ml) 90.1 (¥37.2) 112.8 (+44.6) 0.024
Mean (+SD)

Data are presented as means
(+ SD) or n (%). BMI: Body
mass index; Anti-CCP: anti-
cyclic citrullinated peptide
antibody; RF: Rheumatoid
factor; MTX: Methotrexate;
LEF: Leflunomide; HCQ: Hy-
droxychloroquine; bDMARD:
biological disease-modifying
antirheumatic drugs; ESR:
Erythrocyte Sedimentation
Rate; CRP: C-reactive protein;
DAS28-ESR: disease activity
score in 28 joints-erythrocyte
sedimentation rate; HAQ-DI:
Health Assessment Ques-
tionnaire Disability Index;
ASMI: skeletal muscle mass
index; SPPB: Short Physical
Performance Battery; IPAQ:
International Physical Ac-
tivity Questionnaire; Ca:
calcium; Alb, albumin; P:
Phosphorus; Mg: magnesium;
Cr: creatinine; ALP: alkaline
phosphatase; BALP: bone
alkaline phosphatase; PTH:
parathyroid hormone; 25(0H)
D3, 25-hydroxyvitamin D3;
TSH: thyroid stimulating hor-
mone; OCN: osteocalcin; CTx:
cross-linked C-telopeptide of
type I collagen; IGF-1: insulin-
like growth factor 1; NA: not
applicable.
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cal imprecision of this assay in our laboratory
is <1.6%. Serum levels of total 25-hydroxy-vita-
min D [25(0H) D3] electrochemiluminescence
immunoassay (ECLIA) on Cobas e411 (Roche
Diagnostics GmbH, Mannheim, Germany).
Serum levels of PTH were measured with a
second-generation PTH assay on the same anal-
yser. The total analytical imprecision of these
assays in our laboratory is <4.7% and <4.0%
respectively. Total procollagen type I N-termi-
nal propeptide (total-PINP), C-terminal telopep-
tide of collagen I (CTX), and N-MID-osteocalcin
(OC) were measured by electrochemilumines-
cence immunoassays on Cobas e411 automated
analyser (Roche Diagnostics GmbH, Mannheim,
Germany) according to the manufacturer’s
instructions. The total analytical imprecision of
these assays in our laboratory were respectively:
<4.5% <3.5%, and <3.5% respectively. Insulin-
like growthfactor-1 (IGF-1) was measured by an
electrochemiluminescence immunoassays on
Cobas e411 automated analyser (Roche Diag-
nostics GmbH, Mannheim, Germany) accord-
ing to the manufacturer’s instructions. The total
analytical imprecision of this assay in our labo-
ratory was <4.0%.

Statistical analysis

This is a case-control study and thus compar-
isons were performed between RA patients
and healthy controls. Further analysis was
performed within the RA population itself,
where comparisons were made between
subjects with sarcopenia and those without.

Continuous variables were tested for normal-
ity with the Shapiro-Wilk test and followed a
normal distribution (>0.05). Continuous vari-
ables are expressed in mean values and stan-
dard deviations (mean value * standard devi-
ation). Differences between mean values were
evaluated with the student’s t-test.

Categorical values are expressed as totals
(n) and percentages (%). Differences between
categorical variables were evaluated with the
chi-square (x?) test. Where appropriate, asso-
ciations are expressed as odds ratios (OR) and
95% confidence intervals (95% CI).

A multivariate linear regression analysis was
used to investigate the calculated variables
as possible predictors of sarcopenia in the RA
population. The model’s R-squared value (R?),
beta coefficients and the relative statistical
significance were recorded.

The receiver operating characteristic (ROC)
curve was used to assess the overall diagnos-
tic performance of IGF-I to predict sarcopenia
in the RA population. The area under the curve

(AUC) and statistical significance were calcu-
lated.
Statistical significance was set at p<0.05.
Statistical analysis was performed by use of a
licensed product of the IBM SPSS Software v.24.

RESULTS

Based on our convenience sampling method,
80 post-menopausal women with RA and 30
healthy controls were recruited.

Baseline demographics and study variables
are presented in Table 1.

Patients’ mean age and BMI were 66+ 9
years and 29.2+5.5 kg/m? respectively. There
was a statistically significant difference in BMI
values between patients and controls, reflecting
the well-known prevalence of increased body
weight in RA patients.*

About one third (n=31, 41%) of the RA
patients had seropositive disease. All patients
were administered disease modifying treat-
ments, 47.4% were receiving low dose gluco-
corticoids (< 7.5 mg prednisolone daily) and
59% were receiving biological therapies
(bDMARDs). The mean DAS28-ESR index was
3.89£1.70. In the RA group, 21 patients (26.9%)
had high disease activity, 27 (34.6%) moderate,
13 (16.7%) low and 17 (21.8%) were in remis-
sion. The mean HAQ-DI was 0.89+0.58. Half
the patients (52.6%) had achieved functional
remission (HAQ-DI < 0.5) when they entered
the study.

Mean ASMI was 6.05+0.86 kg/m? and 37.5%
of the patients satisfied the criteria for “low
muscle mass” (ASMI< 5.45 kg/m?). Mean grip
strength was 17.5x12.5 kg and about 67.5%
were below the cut-off value for low grip
strength <20 kg. A third of the patients (27.5%)
were below the cut-off value for low physical
performance according to the SPPB battery. In
total, 32 (39%) post-menopausal women with
RA met the EWGSOP criteria for sarcopenia. No
sarcopenia was observed in the control group,
whereas all the parameters used to define sarco-
penia were significantly lower in the patient
group. As such, the OR for sarcopenia in our RA
population was calculated at 19.1 (95% CI: 2.5
- 147.8).

There were no differences between patients
and controls regarding daily physical activity as
calculated with the IPAQ score (p=0.696).

The prevalence of osteoporosis in the RA
group was 28.2% (n=22) vs 37.9% (n=11) in
controls (p=0.260). There was no significant
difference between patients and controls in
terms of fragility fractures (p=0.931) or admin-
istered anti-osteoporotic treatment regimens.



MJR - In Pres

RA patients tended to receive calcium and
cholecalciferol supplementation at an increased
rate, reflecting the adherence to therapeutic
guidelines for corticosteroid-induced osteopo-
rosis in inflammatory diseases.”® There were
no remarkable differences in bone metabolism
parameters between patients and controls.

Last, 12 patients (15.4%) and no controls
were diagnosed with osteosarcopenia (p=0.09).

Table 2 summarises the comparisons
between RA patients with and without sarcope-
nia. Sarcopenic patients had a lower BMI (27.1
kg/m? vs 30.5 kg/m? p=0.008) and decreased
daily physical activity (IPAQ) (1213 vs 2867,
p<0.0001). They also had a lower skeletal
muscle mass (5.2 kg/m?vs 6.6 kg/m? p<0.0001)
and lower scores in handgrip strength (13.7 kg
vs 20.1 kg, p<0.0001). Interestingly, no differ-
ences were reported in the disease parameters
or in parameters associated with osteoporosis.

Multivariate linear regression analysis indi-
cated IGF-I (p=0.029) and IPAQ score (p<0.001)
as independent factors to predict sarcopenia
in RA patients (R? 79%, model significance of <
0.0001). Disease parameters, factors associated
with osteoporosis or bone metabolism markers
did not contribute significantly to sarcopenia in
our model.

ROC analysis revealed IGF-1 as a possible
predictor of sarcopenia in the RA (AUC=0.675,
95% CI: 0.545-0.804), p=0.008 and an overall
model quality of 55%. Similar results apply to
IPAQ regarding the prediction of sarcopenia in
our RA population (AUC=0.737, 95% CI: 0.620-
0.855), p<0.0001 and an overall model quality
of 62% (Figure 1).

DISCUSSION

To our knowledge, this is one of the few stud-
ies that provide evidence about the increased
prevalence of sarcopenia in patients with rheu-
matoid arthritis. According to the literature,
sarcopenia disproportionately affects such
patients with a reported prevalence of 17 to
60%, whereas an aggressive disease profile
(e.g., seropositive disease), disease activity for
prolonged periods and treatment with corti-
costeroids result to reduced muscle mass and
frailty that escalate to sarcopenia.?* Despite the
application of exclusion criteria, ours is a real-
world RA population and the calculated preva-
lence of sarcopenia is 39%. Our findings suggest
that post-menopausal women with RA have a
19-times increased risk to suffer from sarcope-
nia.

According to the revised EWGSOP-II criteria,
sarcopenic patients characterised by low muscle

strength, low muscle quantity/quality and low
physical performance suffer from “severe sarco-
penia”?® By using a random sampling method,
we indicated that almost half of our RA patients
had significantly lower scores in all three. This
finding possibly suggests that, when associated
with rheumatoid arthritis, sarcopenia is usually
severe.

The low handgrip strength observed in our
study is a rather expected outcome given that
RA commonly affects the hand joints and leads
to debilitating deformities.?®> However, within
the RA group itself, sarcopenic RA patients had
significantly lower handgrip strength scores
when compared to non-sarcopenic ones. This
finding helps us conclude that muscle wasting
worsens the already diminished functionality of
the hands in RA patients.

Regarding the domain of physical activity, our
study indicates that post-menopausal women
with rheumatoid arthritis score low in physical
performance (as measured with the SPPB test)
and at the same time they lead a sedentary way
of life (as measured with the IPAQ question-
naire). While the first parameter is included in
the definition of sarcopenia per se, the second
one seemed to associate well with prevail-
ing sarcopenia in our RA population. In paral-
lel, the HAQ-DI index, commonly used to record
the functionality of RA patients, did not corre-
late with sarcopenia in our study. We suggest
that the IPAQ questionnaire might be of high
utility in clinical practice, with low scores rais-
ing a suspicion of subclinical muscle wasting in
RA patients, even though they record normal
HAQ-DI scores. Thus, recording the baseline
daily physical activity of RA patients will prove
useful in designing interventions that effectively
improve their physical performance in the long
term.?’

An important finding of our study are the
low values of IGF-1 calculated in the sera of RA
patients with sarcopenia. IGF-1 has already been
recognised as a key molecule in the pathogen-
esis of sarcopenia in post-menopausal women:
reduced serum concentrations of IGF-I corre-
late well with sarcopenia in geriatric patients,
assuming an anabolic mechanism where IGF-I
promotes myoblast proliferation, differentia-
tion and stimulation of satellite cell prolifera-
tion and muscle protein synthesis.?® Moreover,
experiments in animal models indicate that
the systemic action of pro-inflammatory cyto-
kines leads mainly to hepatic GH resistance and
suppression of IGF-1 action in target tissues.
This is performed through the downregulation
of growth hormone receptor (GH), the upregu-
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lation of the members of the SOCS family that
negate the action of GH and an increased clear-
ance of IGF-I through catabolism of IGF-I bind-
ings proteins (IGFBPs).? Our study contributes
to this literature and assumes a possible role
of IGF-I in the pathogenesis of RA sarcopenia.
Low serum values of this molecule could serve
as a screening test for post-menopausal women
with RA prone to develop sarcopenia. Thus,
in parallel to reducing disease activity with
targeted disease modifying drugs, achieving
the ideal IGF-I serum concentrations through
dietary interventions in cooperation with clini-
cal nutritionists can benefit RA patients.?% 3!

Last, in our study, 28% of RA patients
suffered from osteoporosis and were admin-
istered anti-osteoporotic treatments. Consid-
ering the frequent co-existence of sarcope-
nia and osteoporosis in inflammatory arthri-
tis, we were able to recognise a sub-population
of osteosarcopenic RA patients (15%). These
patients run the highest risk for muscle wast-
ing, falls and subsequent osteoporotic fractures,
require a tighter monitoring for disease control
and should be timely considered as candidates
for a more aggressive anti-osteoporotic treat-
ment scheme.??

We believe that our study paves the way
towards investigating sarcopenia in patients
with rheumatoid arthritis. By suggesting IGF-I
as a molecule that bridges inflammation and
muscle wasting and by recognising decreased
physical performance as a crucial contributor
to sarcopenia, we provide clinicians with addi-
tional tools to measure and combat sarcopenia
in this population. However, the cross-sectional
design of the study and the convenience
sampling method take a considerable impact in
the generalisation of our results. Still, the provi-
sion of real-world evidence and the utilisation
of accurate laboratory measurements / imag-
ing modalities do increase the reliability of our
findings and call for further research into the
matter.

In conclusion, it is important to note that
disease activity, patients’ weight, daily physical
activity, muscle mass and bone quality are all
modifiable factors that should be kept in mind
when treating RA patients. Possible lifestyle
interventions, exercise schedules and suitable
management of osteoporosis could accompany
disease modifying drugs to prevent sarcopenia
and help our patients achieve a better quality
of life.

DISCLAIMER

No part of the final manuscript is copied or
published elsewhere in whole or in part in any
languages.

CONFLICT OF INTEREST
The authors declare no conflict of interest.

ACKNOWLEDGEMENTS

We highly appreciate the contribution of Dr
Susana Gazi (Director of the Rheumatology
Department in KAT General Hospital, Athens,
Greece) in the recruitment process of the study.

We also appreciate the contribution of Dr
Konstantinos Makris (Director of the Clinical
Biochemistry Department, KAT General Hospi-
tal, Kifissia, Athens, Greece) in performing labo-
ratory measurements according to the respec-
tive protocols and guidelines.

We want to express our gratitude to Prof.
Ismene Dontas and Prof. Efstathios Chronopou-
los for facilitating the performance of whole-
body D.X.A. measurements in the Laboratory
for Research of the Musculoskeletal System
“Theodoros Garofalidis”, School of Medicine,
National and Kapodistrian University of Athens.

Last, the authors would like to thank the
Greek Rheumatology Society for providing
funding for the performance of this study.

FUNDING

This study received funding from the Greek
Rheumatology Society.

Received funds were allocated to the purchase
of laboratory equipment necessary to perform
all the measurements referred in the body of
this article.

AUTHOR CONTRIBUTIONS

All co-authors take full responsibility for the
integrity and accuracy of all aspects of the work.

Dimitra Moschou conceived and designed the
analysis; collected the data; wrote the paper

Michail Krikelis collected the data; performed
the analysis; wrote the paper

Christos Georgakopoulos collected the data

Evangelia Mole contributed data; proof read-
ing and corrections

Efstathios Chronopoulos contributed analy-
sis tools; proof reading and corrections

Symeon Tournis conceived and designed the
analysis; proof reading and corrections

Clio Mavragani proof reading and corrections

Konstantinos Makris contributed analysis



MJR - In Press

tools; proof reading and corrections
Ismene Dontas proof reading and corrections

REFERENCES

1. Cojocaru M, Cojocaru IM, Silosi I, Vrabie CD,
Tanasescu R. Extra-articular Manifestations in Rheuma-
toid Arthritis. Maedica (Bucur) 2010;5(4):286-91.
2. Radkowski M], Stawinski P, Targowski T. Osteo-
sarcopenia in rheumatoid arthritis treated with gluco-
corticosteroids - essence, significance, consequences.
Reumatologia 2020;58(2):101-6.
3. Rolland Y, Czerwinski S, Abellan Van Kan G,
Morley JE, Cesari M, Onder G, et al. Sarcopenia: its assess-
ment, etiology, pathogenesis, consequences and future
perspectlves ] Nutr Health Aging 2008;12(7):433-50.
Cruz-Jentoft AJ, Baeyens JP, Bauer JM, Boirie Y,

Cederholm T, Landi F, et al. Sarcopenia: European consen-
sus on definition and diagnosis: Report of the Euro-
pean Working Group on Sarcopenia in Older People. Age
Ageing 2010;39(4):412-23.
5. An HJ, Tizaoui K, Terrazzino S, Cargnin S, Lee
KH, Nam SW, et al. Sarcopenia in Autoimmune and Rheu-
matic Diseases: A Comprehensive Review. Int ] Mol Sci
2020;21(16).
6. Messina C, Albano D, Gitto S, Tofanelli L, Bazzoc-
chi A, Ulivieri FM, et al. Body composition with dual
energy X-ray absorptiometry: from basics to new tools.
Quant Imaging Med Surg 2020 Aug;10(8):1687-98.

7. Dionyssiotis Y. Sarcopenia in the Elderly. Eur
Endocrinol 2019;15(1):13-4.
8. Kirk B, Zanker ], Duque G. Osteosarcope-
nia: epidemiology, diagnosis, and treatment-facts and
numbers. ] Cachexia Sarcopenia Muscle 2020;11(3):609-
18.
9. Stavropoulos-Kalinoglou A, Deli C, Kitas GD,
Jamurtas AZ. Muscle wasting in rheumatoid arthritis: The
role of oxidative stress. World ] Rheumatol 2014; 4(3):
44-53.
10. Lee MK, Jeong HH, Kim M], Ryu H, Baek |, Lee B.
Nutrients against Glucocorticoid-Induced Muscle Atro-
phy. Foods 2022;11(5).
11. Remels AH, Gosker HR, Verhees K], Langen RC,
Schols AM. TNF-a-induced NF-kB activation stimulates
skeletal muscle glycolytic metabolism through activation
of HIF-1a. Endocrinology 2015;156(5):1770-81.
12. Aletaha D, Neogi T, Silman A], Funovits ], Felson
DT, Bingham CO, et al. 2010 Rheumatoid arthritis classi-
fication criteria: an American College of Rheumatology/
European League Against Rheumatism collaborative
initiative. Arthritis Rheum 2010;62(9):2569-81.
13. Van Ancum JM, Alcazar ], Meskers CGM, Nielsen
BR, Suetta C, Maier AB. Impact of using the updated
EWGSOP2 definition in diagnosing sarcopenia: A clinical
perspective. Arch Gerontol Geriatr 2020;90:104125.
14. Walowski CO, Braun W, Maisch M], Jensen B,
Peine S, Norman K, et al. Reference Values for Skeletal
Muscle Mass - Current Concepts and Methodological
Considerations. Nutrients. 2020;12(3).
15. Sozen T, Ozisik L, Basaran N. An overview
and management of osteoporosis. Eur ] Rheumatol
2017;4(1):46-56.
16. Welch SA, Ward RE, Beauchamp MK, Leveille
SG, Travison T, Bean JF. The Short Physical Performance
Battery (SPPB): A Quick and Useful Tool for Fall Risk
Stratification Among Older Primary Care Patients. ] Am
Med Dir Assoc 2021;22(8):1646-51.
17. Rodriguez-Maifias L, Bayer A], Kelly M, Zeyfang A,
Izquierdo M, Laosa O, et al. An evaluation of the effective-
ness of a multi-modal intervention in frail and pre-frail

Susana Gazi contributed data; proof reading
and corrections.

older people with type 2 diabetes--the MID-Frail study:
study protocol for a randomised controlled trial. Trials
2014;15:34.

18. Lee PH, Macfarlane D], Lam TH, Stewart SM.
Validity of the International Physical Activity Question-
naire Short Form (IPAQ-SF): a systematic review. Int |
Behav Nutr Phys Act 2011;8:115.

19. Lee SH, Gong HS. Measurement and Interpreta-
tion of Handgrip Strength for Research on Sarcopenia and
Osteoporosis. ] Bone Metab 2020;27(2):85-96.

20. Fleischmann R, van der Heijde D, Koenig AS,
Pedersen R, Szumski A, Marshall L, et al. How much does
Disease Activity Score in 28 joints ESR and CRP calcu-
lations underestimate disease activity compared with
the Simplified Disease Activity Index? Ann Rheum Dis
2015;74(6):1132-7.

21. Nakajima A, Aoki Y, Terayama K, Sonobe M, Taka-
hashi H, Saito M, et al. Health assessment questionnaire-
disability index (HAQ-DI) score at the start of biological
disease-modifying antirheumatic drug (bDMARD) ther-
apy is associated with radiographic progression of large
joint damage in patients with rheumatoid arthritis. Mod
Rheumatol 2017;27(6):967-72.

22. Abuhelwa AY, Hopkins AM, Sorich M], Proudman
S, Foster DJR, Wiese MD. Association between obesity and
remission in rheumatoid arthritis patients treated with
disease-modifying anti-rheumatic drugs. Sci Rep 2020
Oct 29;10(1):18634.

23. Briot K, Roux C. Glucocorticoid-induced osteopo-
rosis. RMD Open 2015;1(1):e000014.

24. Farrow M, Biglands ], Tanner S, Hensor EMA,
Buch MH, Emery P, et al. Muscle deterioration due
to rheumatoid arthritis: assessment by quantita-
tive MRI and strength testing. Rheumatology (Oxford)
2021;60(3):1216-25.

25. Cruz-Jentoft AJ, Bahat G, Bauer ], Boirie Y,
Bruyere O, Cederholm T, et al. Sarcopenia: revised Euro-
pean consensus on definition and diagnosis. Age Ageing
2019;48(1):16-31.

26. Aletaha D, Smolen ]S. Diagnosis and Manage-
ment of Rheumatoid Arthritis: A Review. JAMA
2018;320(13):1360-72.

27. Letarouilly JG, Flipo RM, Cortet B, Tournadre A,
Paccou J. Body composition in patients with rheumatoid
arthritis: a narrative literature review. Ther Adv Musculo-
skelet Dis 2021;13:1759720x211015006.

28. Jarmusch S, Baber L, Bidlingmaier M, Ferrari
U, Hofmeister F, Hintze S, et al. Influence of IGF-I serum
concentration on muscular regeneration capacity in
patients with sarcopenia. BMC Musculoskelet Disord
2021;22(1):807.

29. Witkowska-Sedek E, Pyrzak B. Chronic inflam-
mation and the growth hormone/insulin-like growth
factor-1 axis. Cent Eur ] Immunol 2020;45(4):469-475.
30. Rahmani ], Montesanto A, Giovannucci E, Zand
H, Barati M, Kopchick J], et al. Association between IGF-1
levels ranges and all-cause mortality: A meta-analysis.
Aging Cell 2022;21(2):e13540.

31. Son KM, Kang SH, Seo YI, Kim HA. Associa-
tion of body composition with disease activity and
disability in rheumatoid arthritis. Korean ] Intern Med
2021;36(1):214-22.

32. Greco EA, Pietschmann P, Migliaccio S. Osteopo-
rosis and Sarcopenia Increase Frailty Syndrome in the
Elderly. Front Endocrinol (Lausanne) 2019;10:255.



