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Abstract:

Objective Sarcopenia is characterized by a loss of muscle mass and strength, which leads to frailty and
mortality. Rheumatoid arthritis (RA) is considered to be a cause of sarcopenia. The present study assessed the
effectiveness of biological disease-modifying antirheumatic drugs (bDMARDSs) on sarcopenia.

Methods This was a prospective cohort study including 48 patients [11 men, 37 women; 67.5 (57.0-74.8)
years old] with RA who started bDMARDs in Niigata Rheumatic Center. We monitored the physical ability,
nutritional status and body composition at the baseline, 6 months and 12 months. The physical activity was
measured by the Health Assessment Questionnaire (HAQ) and 10-m walking test (IOMWT). The nutritional
status was assessed by the controlling nutrition status (CONUT) score.

Results Among the 48 patients who started bDMARDs, 21 were classified as having sarcopenia. The physi-
cal activity and nutritional status were significantly ameliorated after 12 months of bDMARDs. The body
composition analysis showed a significant increase in the body weight but no significant increase in the
skeletal muscle mass index. The proportion of patients diagnosed with sarcopenia decreased significantly af-
ter 12 months of bDMARDs (43.8% vs. 27.1%, p=0.039). Among the 21 patients who were diagnosed with
sarcopenia when starting bDMARD:s, the skeletal muscle index was significantly increased after 12 months of
bDMARDs. [5.22 (4.76-5.43) kg/m® vs. 5.44 (4.84-5.77), p=0.039].

Conclusion Biologics may be useful in the treatment of sarcopenia through mechanisms such as improving
the disease activity, physical activity and nutritional status.
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Rheumatoid arthritis (RA) is a systemic inflammatory dis-
ease characterized by chronic, symmetric, and erosive syno-
vitis and is one of the diseases causing secondary sarco-

Introduction

Sarcopenia is characterized by a loss of muscle mass and
strength, which leads to a reduced physical ability, worsened
quality of life (QoL), frailty and mortality (1). The term sar-
copenia was first established to assess age-related situations,
but the development of sarcopenia is not exclusive to older
people. Inflammatory activity, nutritional deficits and an im-
paired physical activity are reported to be the three main
pathogenic mechanisms underlying the development of sar-
copenia (2, 3).

penia (3). Systemic inflammatory process and an impaired
physical activity are the characteristic features of RA. In ad-
dition, malnutrition is more common in patients with RA
than in healthy individuals, being reported to occur in 24.7-
26.0% of RA patients (4, 5). RA patients therefore are at
particular risk of developing sarcopenia.

Muscle loss is regarded as a consequence of the catabolic
process induced by chronic inflammatory diseases and has
been particularly attributed to proinflammatory cytokines,
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such as tumor necrosis factor-o. (TNF-at), as well as physi-
cal inactivity (6). In this context, treatments that reduce in-
flammation may be able to counteract the development of
sarcopenia. Biological disease-modifying
drugs (bDMARDs), which target inflammatory cytokines
and strongly reduce the disease activity in RA, may thus be
good candidates for treating sarcopenia.

The present study assessed the efficacy of bDMARDs on
sarcopenia in RA patients.

antirheumatic

Materials and Methods

Study population

This was a prospective cohort study. Fifty consecutive pa-
tients with RA who started bDMARDs in Niigata Rheu-
matic Center from April 2018 to October 2018 were en-
rolled. The decision to start and selection of bDMARDs was
made by the attending physicians. Two patients who
changed hospitals within the first six months were excluded.
All patients included in this study met the 1987 American
College of Rheumatology criteria (ACR) or the 2010 ACR/
European League Against Rheumatism criteria for a diagno-
sis of RA.

Assessments

The following categories of measurements were obtained
at baseline from the patients’ medical records: demographic
information (age, sex) and clinical information concerning
RA [disease duration, comorbidities, Steinbrocker’s classifi-
cation (Stage) (7), treatment of RA (dose of methotrexate
(MTX) and prednisolone (PSL)]. We also monitored the RA
disease activity, physical ability, body composition and nu-
tritional status at baseline, 6 months and 12 months. The
disease activity was measured by the disease activity score-
28 joint count based on erythrocyte sedimentation rate (DAS
28-ESR) and clinical disease activity index (CDAI). The
physical activity was measured by the Health Assessment
Questionnaire (HAQ), 10-m walking test (IOMWT) (8),
timed up and go (TUG) test (9) and disabilities of the arm,
shoulder and hand (DASH) (10). The body composition, in-
cluding the fat mass and muscle mass, was measured by a
bioelectrical impedance analysis (inBody 720"; Biospace,
Seoul, Korea). The appendicular skeletal muscle mass
(ASM) was calculated as the sum of the skeletal muscle
mass in the arms and legs. The skeletal muscle index (SMI)
was calculated by the sum of the arm and leg skeletal mus-
cle mass in kilograms divided by height in meters squared.
The nutritional status was measured by the serum albumin
(Alb) level, controlling nutrition status (CONUT) score (11)
and prognostic nutritional index (PNI) (12). The CONUT
score is a screening tool for determining the nutritional
status using daily laboratory information; it is calculated
from the serum Alb concentration, total cholesterol level and
total lymphocyte count (TLC) (11). The PNI is another
screening tool for determining the nutritional status and is

calculated by the Alb level and TLC [PNI=(10xAlb)+(0.005
XTLC)] (12). The mental status was assessed by Beck’s de-
pression inventory second edition (BDI-II) (13). The diagno-
sis of sarcopenia was made according to the diagnostic algo-
rithm of the Asian working group on sarcopenia in older
people (AWGSOP), excluding the criteria concerning older
age (14).

Statistical analyses

Data are expressed as the median (interquartile range).
Differences between each group were compared using a
nonparametric Wilcoxon’s rank sum test for continuous vari-
ables and Fisher’s exact test for categorical variables. The
comparison of the findings using
bDMARDs was performed by Wilcoxon’s signed rank test
for continuous variables and McNemar’s test for categorial
variables. All of the statistical analyses were performed us-
ing the SPSS software program (ver. 28; SPSS, Chicago,
USA). p values of <0.05 were considered to indicate statisti-
cal significance.

before and after

Ethical considerations

The examinations and treatments were performed within
the context of routine care. We obtained written consent
from all patients before enrollment in this study. The publi-
cation of this study was approved by the ethics committee
of Niigata Rheumatic Center (approval number: 2017-017).
The study was conducted in accordance with the Declaration
of Helsinki.

Results

Characteristics of patients enrolled in this study

Forty-eight patients were enrolled in the study. The char-
acteristics of the patients at the time of starting bDMARDs
are summarized in Table 1 (left side). The median age was
67.5 (57.0-74.8) years old, 77.1% of the patients were
women, and the median disease duration of RA was 3.0
(1.0-11.8) years. The disease activity measured by the DAS
28-ESR was 4.6 (4.0-5.7). MTX was used in 33 (68.8%) pa-
tients, and PSL was used in 26 (54.2%) patients. The
bDMARDSs initiated were adalimumab in 10 (20.8%), cer-
tolizumab pegol in 9 (18.8%), abatacept in 9 (18.8%),
golimumab in 7 (14.6%), tocilizumab in 5 (10.4%), inflixi-
mab in 5 (10.4%) and etanercept in 3 (6.3%) patients.

At the time of starting bDMARDs, 21 patients (43.8%)
met the AGWSOP diagnostic criteria for sarcopenia except
for the item concerning older age. We then compared the
characteristics of the sarcopenia group with those of the
non-sarcopenia group (Table 1, right side). In addition to the
items contained in the AGWSOP criteria (grip strength, 10
MWT, limb muscle mass), the results for the HAQ, TUG
and DASH were significantly worse in the sarcopenia group
than in the non-sarcopenia group, and the body mass index
(BMI) was significantly lower in the sarcopenic group than
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Table 1. The Characteristics of the Patients at the Time of Starting bDMARDs.
Al patients Patients w.ith Patients without
=48 sarcopenia sarcopenia P
n=21 n=27
Age (years) 67.5 (57.0-74.8) 70.0 (59.0-81.0) 66.0 (56.0-70.0) 0.163
Sex, male/female 11/37 2/19 9/18 0.083
Cormobidities
Lung disease, n (%) 4 (8.3%) 3 (14.3%) 1 (3.7%) 0.306
Chronic kidney disease, n (%) 9 (18.8%) 4 (19.0%) 5 (18.5%) 1
Diabetes mellitus, n (%) 7 (14.6%) 5(23.8%) 2 (7.4%) 0.215
Clinical information of RA
Disease duration of RA (years) 3.0 (1.0-11.8) 3.1 (1.0-17.5) 3.0 (1.0-11.2) 0.584
Steinbricker stage (I/II/III/IV) 15/14/13/6 6/4/7/4 9/10/6/2
DAS28-ESR 4.6 (4.0-5.7) 5.2(4.8-5.4) 443.7-5.1) 0.057
CDAI 17.4 (11.7-24.1) 22.0 (12.6-28.1) 14.0 (9.8-23.3) 0.114
Serum CRP (mg/dL) 0.8 (0.2-3.0) 1.0 (0.2-5.9) 0.8 (0.5-1.0) 0.86
ESR (mm/h) 30.5 (14.0-74.3) 28.0 (13.5-71.5) 33.0 (14.0-79.0) 0.819
Physical and mental activity
HAQ-DI 0.8 (0.3-1.5) 1.8 (0.7-2.6) 0.5 (0.3-1.0) 0.002%*
Grip strength 15.0 (8.3-21.5) 7.7 (5.0-15.0) 20.0 (11.6-24.7) <0.0001*
1OMWT (m/s) 1.6 (0.9-2.0) 1.1 (0.9-1.8) 1.7 (1.4-2.0) 0.063
TUG 7.8 (6.8-12.6) 10.3 (7.3-14.8) 7.3 (1.5-2.0) 0.017*
DASH 31.9 (19.8-52.5) 53.4 (28.0-73.8) 23.3 (17.5-35.0) 0.001*
BDI-II 14.0 (9.0-19.0) 13.5(9.3-17.8) 15.0 (7.0-19.0) 0.804
Nutritional status
Serum Alb level (g/dL) 39(3.5-42) 3.9(3.342) 3.9(3.7-4.2) 0.364
CONUT score 2.0 (1.0-3.0) 2.0 (1.0-5.0) 1.0 (0.0-3.0) 0.053
PNI 45.4 (40.6-50.2) 44.4 (37.3-49.4) 45.9 (43.0-50.6) 0.201
Body composition
BMI 21.5(19.8-24.3) 20.7 (18.9-22.6) 22.9 (20.5-26.7) 0.007*
Total body weight (kg) 52.2 (46.8-61.0) 48.7 (43.7-52.5) 58.1 (51.2-70.1) <0.0001*
Total fat mass (kg) 15.8 (11.9-20.7) 13.8 (11.3-18.0) 16.6 (13.0-22.7) 0.057
Total muscle mass (kg) 33.7 (30.9-38.9) 31.0 (29.0-33.0) 38.5 (33.8-44.7) <0.0001*
ASM (kg) 13.7 (11.9-16.5) 12.0 (10.6-13.3) 16.3 (13.7-19.5) <0.0001*
SMI (kg/m?) 5.67 (5.09-6.74) 5.22 (4.76-5.43) 6.38 (5.70-7.25) <0.0001*
Treatment of RA
ADA 10 (20.8%), ADA 3 (14.3%), ADA 7 (25.9%),
CZP 9 (18.8%), CZP 6 (28.6%), CZP 3 (11.1%),
bDMARD:s usage, n (%) ABT 9 (18.8%), ABT 5 (23.8%), ABT 4 (14.8%),
GLM 7 (14.6%), GLM 3 (14.3%), GLM 4 (14.8%),
TCZ 5 (10.4%), IFX 5 (10.4%), ETN 3 (6.3%)
TCZ 1 (4.8%), IFX 2 (9.5%), ETN 1 (4.8%)
TCZ 4 (14.8%), IFX 3 (11.1%), ETN 2 (7.4%)
MTX usage, n (%) 33 (68.8%) 13 (61.9%) 20 (74.0%) 0.531
MTX dosage among users (mg/week) 10.0 (6.0-11.0) 8.0 (6.0-10.0) 10.0 (6.0-12.0) 0.235
PSL usage, n (%) 26 (54.2%) 13 (61.9%) 13 (48.1%) 0.393
PSL dosage among users (mg/day) 4.5 (2.9-5.0) 5.0 (2.5-6.3) 4.5 (2.9-5.0) 0.84
Cumulative dose of PSL (mg) 70.0 (0-2,986) 130 (0-6,646) 0 (0-2,943) 0.597

RA: rheumatoid arthritis, DAS28-ESR: disease activity score 28 joint count erythrocyte sedimentation rate, CDAI: clinical disease activity

index, ESR: erythrocyte sedimentation rate, HAQ-DI: health assessment questionnaire disability index, TUG: timed up and go test, I0OMWT:

10-m walking test, DASH: disabilities of the arm, shoulder and hand, BDI-II: Beck depression inventory second edition, CONUT: control-

ling nutritional status, PNI: prognostic nutritional index, BMI: body mass index, ASM: appendicular skeletal muscle mass, SMI: skeletal

muscle index, b(DMARD:s: biological disease-modifying antirheumatic drugs, ADA: adalimumab, CZP: certolizumab pegol, ABT: abatacept,
GLM: golimumab, TCZ: tocilizumab, IFX: infliximab, ETN: etanercept, MTX: methotrexate, PSL: prednisolone

in the non-sarcopenia group.

Effects of 6 and 12 months of bDMARDs

The changes in the parameters before and after 6 and 12

months of bDMARDs therapy are shown in

Table 2. The

disease activity measured by the DAS28-ESR and CDAI
was significantly ameliorated after 12 months of
bDMARDs. Furthermore, after 12 months of bDMARDs, all
parameters regarding the physical and mental activity we
measured were significantly improved, including the HAQ,
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Table 2. The Changes in the Parameters before and after 6 and 12 Months of bDMARDs.

6 months after

12 months after

n=48 Baseline bDMARDs bDMARDs (before vs. 12 months)
Disease activity of RA
DAS28-ESR 4.6 (4.0-5.7) 2.6 (1.8-3.5) 2.6 (1.7-3.5) <0.001*
CDAI 17.4 (11.7-24.1) 7.0 (1.7-11.0) 7.6 (1.3-11.0) <0.001%*
Serum CRP (mg/dL) 0.8 (0.2-3.0) 0.06 (0.02-0.2) 0.08 (0.02-0.2) <0.001%*
ESR (mm/mL) 30.5 (14.0-74.3) 12.0 (7.0-19.0) 10.0 (6.0-24.8) <0.001*
Physical and mental activity
HAQ-DI 0.8 (0.3-1.5) 0.3 (0.0-1.1) 0.3 (0.0-1.1) <0.001*
Grip strength (kg) 15.0 (8.3-21.5) 19.5 (12.7-27.9) 19.0 (10.8-28.3) <0.001%*
1IOMWT (m/s) 1.6 (0.9-2.0) 1.7 (1.3-2.0) 1.8 (1.3-2.0) 0.005*
TUG 7.8 (6.8-12.6) 7.1(6.3-8.9) 7.1(6.3-8.7) 0.011*
DASH 31.9 (19.8-52.5) 18.3 (6.7-36.7) 16.0 (7.9-32.1) <0.001*
BDI-II 14.0 (9.0-19.0) 9.0 (6.7-36.7) 7.0 (1.0-16.0) 0.003*
Nutritional status
Serum Alb level (g/dL) 39(3.5-42) 4.2 (3.9-4.4) 4.2 (3.9-4.4) <0.001%*
CONUT score 2.0 (1.0-3.0) 1.0 (0.0-2.0) 1.0 (0.0-2.0) <0.001*
PNI 45.4 (40.6-50.2)  50.1 (47.3-53.2) 50.0 (46.9-54.0) <0.001*
Body composition
BMI 21.5(19.8-24.3)  22.2(20.1-24.6) 22.1(20.1-24.8) 0.003*
Total body weight (kg) 52.2 (46.8-61.0)  53.1 (47.7-61.4) 53.5(47.8-62.1) 0.004*
Total fat mass (kg) 15.8 (11.9-20.7)  17.2(12.5-21.0) 16.7 (12.7-21.9) 0.002%*
Total muscle mass (kg) 33.7 (30.9-38.9)  34.2(31.8-39.0) 33.9 (31.3-39.6) 0.156
ASM (kg) 13.7 (11.9-16.5)  13.8 (12.5-16.4) 13.8 (12.6-16.9) 0.061
SMI (kg/m?) 5.67 (5.09-6.74)  5.69 (5.29-6.41) 5.77 (5.27-6.44) 0.063
Treatment of RA
MTX usage, n (%) 33 (68.8%) 31 (64.6%) 27 (56.3%) 0.292
MTX dosage among users (mg/week) 10.0 (6.0-11.0) 8.0 (6.0-10.0) 8.0 (6.0-10.0) 0.063
PSL usage, n (%) 26 (54.2%) 26 (54.2%) 21 (43.8%) 0.414
PSL dosage among users (mg/day) 4.5 (2.9-5.0) 2.8 (2.0-5.0) 2.5(1.3-4.0) 0.004*

RA: rheumatoid arthritis, DAS28-ESR: disease activity score 28 joint count erythrocyte sedimentation rate, CDAI: clinical disease activity index,

ESR: erythrocyte sedimentation rate, HAQ-DI: health assessment questionnaire disability index, TUG: timed up and go test, I0OMWT: 10-m walk-

ing test, DASH: disabilities of the arm, shoulder and hand, BDI-II: Beck depression inventory second edition, CONUT: controlling nutritional sta-

tus, PNI: prognostic nutritional index, BMI: body mass index, ASM: appendicular skeletal muscle mass, SMI: skeletal muscle index, bDMARDs:

biological disease-modifying antirheumatic drugs, MTX: methotrexate, PSL: prednisolone

grip strength, IOMWT and TUG. The nutritional status as
measured by the serum Alb level, CONUT score and PNI
was also ameliorated. Regarding the body composition, the
total body weight and total fat mass were significantly in-
creased after 12 months of bDMARDs therapy. However, no
significant increase was observed in the total muscle mass
or ASM.

When comparing the 21 patients who were diagnosed
with sarcopenia at the time of starting bDMARDs, the ASM
[12.0 (10.6-13.3) vs. 12.9 (10.3-13.8) kg, p=0.042] and SMI
[5.22 (4.76-5.43) vs. 5.44 (4.84-5.77), p=0.039] were also
significantly increased after 12 months of bDMARDs ther-
apy (Table 3).

Figure shows the number of patients diagnosed with sar-
copenia. The proportion of patients diagnosed with sarco-
penia significantly decreased after 12 months of bDMARDs
therapy (from 43.8% to 27.1%, p=0.039). Among the 21 pa-
tients who had been diagnosed with sarcopenia when start-
ing bDMARDs, 11 still had sarcopenia, but 10 had escaped
their sarcopenic state. Two patients who were not sarcopenic

before bBDMARDs became sarcopenic.

We compared the parameters between the 11 patients still
with sarcopenia and the 10 patients without sarcopenia (Ta-
ble 4). The age [77.0 (67.0-82.0) vs. 59.5 (29.3-73.8) years
old, p=0.041] was significantly older and the disease dura-
tion of RA [9.0 (3.0-41.0) vs. 1.5 (1.0-5.1) years, p=0.029]
significantly longer in the patients who still had sarcopenia
than in those without it. The patients who were non-
sarcopenic after 12 months had greater improvement in
HAQ and BDI-II than the patients who still had sarcopenia.

Discussion

In this prospective study, we demonstrated the efficacy of
bDMARDs on the disease activity, physical and mental ac-
tivity and nutritional status. Of note, the skeletal muscle
mass was increased in the sarcopenic patients, and the num-
ber of patients diagnosed with sarcopenia was significantly
decreased. However, older patients with a longer disease du-
ration were likely to still have sarcopenia at the end of treat-
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Table 3. The Changes in the Parameters before and after 6 and 12 Months of bDMARDs Therapy
in the 21 Patients Who Were Diagnosed with Sarcopenia at the Time of Starting bDMARDs.

6 months after

n=21 baseline

12 months after p
(before vs. 12 months)

bDMARD:s bDMARDs
Body composition
BMI 20.7 (18.9-22.6)  20.5(19.5-22.6)  20.9 (19.5-22.8) 0.04*
Total body weight (kg)  48.7 (43.7-52.5)  48.8 (44.4-54.3)  49.7 (44.1-55.0) 0.044*
Total fat mass (kg) 13.8 (11.3-18.0) 154 (11.6-18.2)  14.6 (12.3-18.6) 0.009*
Total muscle mass (kg)  31.0(29.0-33.0) 31.9(28.0-33.6)  32.1 (28.2-34.1) 0.161
ASM (kg) 12.0 (10.6-13.3)  12.9(10.2-13.8)  12.9 (10.3-13.8) 0.042*
SMI (kg/m?) 522 (4.76-5.43) 5.41(4.80-5.60)  5.44 (4.84-5.77) 0.039*

BMI: body mass index, ASM: appendicular skeletal muscle mass, SMI: skeletal muscle index, bDMARDs: biological dis-

ease-modifying antirheumatic drugs

p=0.039

40

27

number of patients
8

10

before bDMARDSs
® Sarcopenia (+)

Figure.
months of treatment with bDMARDs.

ment.

Sarcopenia is a syndrome characterized by the loss of
skeletal muscle mass and strength, which leads to adverse
outcomes, such as frailty and mortality (2). The European
working group on sarcopenia in older people (EWGSOP)
developed a practical clinical definition and consensus diag-
nostic criteria for sarcopenia. The measurement of the mus-
cle function (gait speed and grip strength) and muscle mass
is needed to diagnose sarcopenia (2). The AWGSOP deter-
mined suitable cut-off values for all measurements in Asian
populations (14).

In our study, the prevalence of sarcopenia among RA pa-
tients was 43.8%. This result was slightly higher than in
previous reports describing sarcopenia in RA patients
[37.1% (15) and 39.8% (16)] and was markedly higher than
in the general Japanese elderly [8.06-22.1% (17, 18)]. In
previous reports, multiple factors were reported to be associ-
ated with sarcopenia in RA patients, including the
age (15, 16, 19, 20), disease duration (15), joint destruc-
tion (15, 16), serum C-reactive protein (CRP) Ilevel (20),

6 months after bDMARDs

33 35

12 months after 12 months

Sarcopenia (-)

The proportion of patients diagnosed with sarcopenia decreased significantly after 12

malnutrition (15), BMI (20) and presence of disability (19).
The patients included in our study tended to be older with a
longer disease duration and tended to have higher CRP lev-
els because they failed conventional synthetic DMARD
treatment and needed bDMARD treatment. Therefore, our
patients seemed to be prone to sarcopenia at the time of
starting bDMARDs.

In the present study, the systemic inflammation measured
by the ESR, CRP and DAS28-ESR; the physical activity
measured by the HAQ, IOMWT, TUG, and DASH; and the
nutritional status measured by the serum Alb level, CONUT
score and PNI were all ameliorated by bDMARD treatment.
In addition, the mental status measured by the BDI-II was
also ameliorated. Inflammation, physical activity and the nu-
tritional status are considered to be major factors affecting
sarcopenia (2). In this study, the proportion of patients diag-
nosed with sarcopenia was significantly reduced following
bDMARD treatment, probably due to an improvement in the
associated factors or by the direct effect of bDMARDs in-
hibiting inflammatory cytokines, such as TNF-o. or IL-6.
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Table 4. The Comparison of the Parameters between the 11 Patients Still with Sarcopenia and the 10 Patients without

Sarcopenia.
Patients with sarcopenia Patients without sarcopenia
n=11 n=10 P

Age (years) 77.0 (67.0-82.0) 59.5 (29.3-73.8) 0.041%*

Sex, male/female 0/11 2/8 0.083
Cormobidities

Lung disease, n (%) 2 (18.2%) 1 (10.0%) 1

Chronic kidney disease, n (%) 2 (18.2%) 2 (20.0%) 1

Diabetes mellitus, n (%) 2 (18.2%) 3 (30.0%) 0.635
Clinical information of RA

Disease duration of RA (years) 9.0 (3.0-41.0) 1.5 (1.0-5.1) 0.029*

Steinbricker stage (I/I/III/IV) 2/2/4/3 4/2/3/1

Changes of DAS28-ESR from baseline 2.4 [-4.2- (-1.7)] -3.0 [-4.0- (-1.5)] 0.654

Changes of serum CRP from baseline (mg/dL) -0.8 [-4.6- (-0.3)] -0.2 [-10.4- (-0.04)] 0.605
Physical and mental activity

Changes of HAQ-DI from baseline -0.8 (-1.0-0.0) -0.6 (-1.3-0.0) 0.023*

Changes of TUG from baseline -1.1 (-2.7-5.8) -1.3 [-5.8- (-0.2)] 0.314

Changes of BDI-II -1.0 (-11.0-3.0) -5.0 [-8.8- (-0.8)] 0.034*
Nutritional status

Changes of CONUT score from baseline -1.0 [-3.0- (-1.0)] -1.0 (-3.25-0.0) 0.863

Changes of PNI from baseline 4.4 [2.9-8.0)] 7.7 (3.8-13.1) 0.173
Treatment of RA

ADA 3 (27.2%), CZP 1 (9.0%), ADA 0 (0.0%), CZP 5 (50.0%),
bDMARD:s usage, n (%) ABT 2 (18.2%), GLM 1 (9.0%), ABT 3 (30.0%), GLM 2 (20.0%),
TCZ 1 (9.0%), IFX 1 (9.0%), TCZ 0 (0.0%), IFX 1 (10.0%),
ETN 1 (9.0%) ETN 0 (0.0%)

MTX usage, n (%) 6 (54.5%) 7 (70.0%) 0.659

PSL usage, n (%) 6 (54.5%) 5(50.0%) 1

Cumulative PSL usage over 12-months (mg) 62 (0-810) 539 (0-1,496) 0.684

RA: rheumatoid arthritis, DAS28-ESR: disease activity score 28 joint count erythrocyte sedimentation rate, CONUT: controlling nutritional status,

PNI: prognostic nutritional index, bDMARDs: biological disease-modifying antirheumatic drugs, ADA: adalimumab, CZP: certolizumab pegol,
ABT: abatacept, GLM: golimumab, TCZ: tocilizumab, IFX: infliximab, ETN: etanercept

Several reports have described the effects of bDMARDs
on the body composition or sarcopenia. Our study included
the largest number of patients among these studies. Metsios
et al. followed 20 patients who took a TNF-o. inhibitor for
12 weeks (21), Serelis et al. followed 19 women who took a
TNF-a inhibitor for 1 year (22), Engvall et al. conducted a
randomized control study with 18 patients recruited for in-
fliximab therapy and followed them for 2 years (23). In
these reports, the fat mass was increased by the ther-
apy (22, 23), but the muscle mass was not changed (21-23).
Tournadre et al. followed 21 patients who took tocilizumab
for 1 year and found an increase in the muscle mass (24). In
our study, the muscle mass did not increase in a total of 48
patients. However, on assessing the data in detail, the mus-
cle mass was found to have significantly increased in the 21
patients who had sarcopenia when starting bDMARDs. Be-
cause of the small number of patients, we were unable to
assess whether a TNF-o inhibitor or non-TNF-a inhibitor
was more effective for increasing the muscle mass. Differ-
ences in the disease duration, disease activity or baseline
muscle mass might be the reason for the conflicting results.

While the number of patients diagnosed with sarcopenia
was reduced in this study, patients with an older age and

longer disease duration tended to still have sarcopenia at the
end of observation. The earlier introduction of bDMARDs
might be needed to prevent and overcome sarcopenia.
Conditions related to sarcopenia include sarcopenic obe-
sity and rheumatoid cachexia. The term sarcopenic obesity
is used to refer to sarcopenia concurrent with excess adipos-
ity (25). In addition to the decreased muscle mass, obesity
may pose a risk for diabetes, hypertension and cardiovascu-
lar disease (26). Furthermore, adipose itself is a potent
source of inflammatory cytokines that may contribute to sys-
temic inflammation (27). The term cachexia is used to refer
to a wasting disorder that accompanies many chronic dis-
eases and results from an imbalance in the energy require-
ment and energy uptake, leading to a loss of adipose tissue
and skeletal muscle (28). Rheumatoid cachexia is reported
to be a predictor of death (29). In both sarcopenic obesity
and rheumatoid cachexia, inflammatory cytokines are be-
lieved to play a major role (27, 29), and the effects of ade-
quate treatment, including biologic agents, may be expected.
There are several limitations in the present study. First,
this was a cohort study with a relatively small number of
patients in a single center. We were unable to analyze the
effect of each bDMARDSs because of the small number. Sec-
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ond, we did not recruit a control group, so concluding the
specific effects of bDMARD:s is difficult. However, while it
was difficult to identify any direct or indirect effect of
bDMARDs, we did observe a significant improvement in all
parameters, including the skeletal muscle mass, and a de-
creased prevalence of sarcopenia. Third, the evaluation of
sarcopenia is complex; for example, an impaired grip
strength may also be associated with joint destruction of
RA. There is no specific evaluation tool for diagnosing sar-
copenia in RA patients. The EWGSOP criteria were vali-
dated for the evaluation of age-related sarcopenia, so we
need to be cautious when applying them to secondary sarco-
penia.

However, to our knowledge, the present study is the first
to describe the improvement of sarcopenia by bDMARDs
by measuring both the muscle mass and physical function.
We suggest that rheumatologists consider the earlier induc-
tion of sufficient therapy, like bDMARDs, in order to pre-
vent and ameliorate a sarcopenic state.
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