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Objectives: Sarcopenia is relatively common in rheumatoid arthritis (RA) patients. Thicknesses of the
quadriceps muscle and fat are easily measured by ultrasound (US) and are known to be related to skeletal
muscle mass and fat mass, respectively.
Methods: Eighty-four patients enrolled in the prospective correlation research of sarcopenia, skeletal
muscle, and disease activity in rheumatoid arthritis study (UMIN000023744) underwent US examina-
tions of anterior thigh muscle thickness (MT) and fat thickness (FT). Muscle and body fat (BF) mass were
also examined by a body composition analyzer. Whether MT and FT were related to sarcopenia and
obesity was examined.
Results: MT was significantly lower in RA patients with sarcopenia than in those without (23.8 vs
28.2 mm, P ¼ 0.001). MT was related to sarcopenia (men: r ¼ 0.56, P ¼ 0.02, women: r ¼ 0.32, P ¼ 0.01).
The cut-off value of MT for sarcopenia was 24.7 mm in men and 19.7 mm inwomen on receiver operating
characteristic curve analyses. FT was correlated with BF percentage (%BF; men: r ¼ 0.66, P < 0.01,
women: r ¼ 0.62, P < 0.001), which was estimated by 2.04xFTþ8.53 in men and 1.2xFTþ17.42 in women
by a simple linear regression model. This means that FT � 8.1 mm in men and FT � 14.6 mm in women
indicated obesity.
Conclusions: US examination of the anterior thigh was useful to detect sarcopenia and obesity in RA
patients.
© 2021 The Korean Society of Osteoporosis. Publishing services by Elsevier B.V. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The quality of life (QOL) of patients with rheumatoid arthritis
(RA) has improved with progress in treatment, such as biological
and targeted synthetic disease-modifying antirheumatic drugs
(DMARDs) [1e3]. The incidence of fragility fractures and falls is
higher in RA patients than in healthy individuals [4e6], and their
risk increases in aged patients. Due to the increase in the aged
population rate, there is growing interest in sarcopenia, defined [7]
as lowmusclemass, muscle power, andmuscle function, and frailty,
defined [8] as degradation of physical status. We previously re-
ported that the prevalence of sarcopenia was 28% [9], and that of
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frailty was 18.9% in patients with RA, and frailty was significantly
increased due to poor disease control in a prospective, cohort study
[10]. It is difficult for aged people to recover from sarcopenia.
Therefore, early intervention is necessary to prevent sarcopenia.
The European Working Group on Sarcopenia in Older People
(EWGSOP) suggests that aged people should undergo routine
screening [11].

RA patients have deformities and destruction of hand, wrist, hip,
knee, ankle, and foot joints by disease. Therefore, it is difficult to use
the grip test and gait speed, which are diagnostic criteria of sar-
copenia, since RA patients easily fulfill the criteria. It is necessary to
use some evaluation tool or test that is not affected by deformity
and the joint destruction caused by the disease.

Measurement of muscle mass is required to diagnose sarcopenia
by both the EWGSOP [11] and the Asia Working Group for Sarco-
penia (AWGS) [12]. The measurement of muscle mass and body fat
is done using computed tomography (CT), magnetic resonance
imaging (MRI), ultrasound (US), dual-energy X-ray absorptiometry
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(DXA), and body composition analyzers. CT, MRI, and DXA are not
suitable for screening because the equipment requires a large space
and long examination time [13]. On the other hand, US has the
advantage of portability, rapid measurement, widespread avail-
ability, and lack of radiation exposure. Muscle mass measured by
US correlated with that measured by DXA, CT, and MRI [14].

Obesity is an independent risk factor for cardiovascular events
[15] and metabolic syndrome [16]. A relationship between sarco-
penia and obesity has been reported. Decreased muscle mass leads
to glucose dysregulation and increased insulin resistance, and its
continuation contributes to the onset of obesity [17]. Screening for
obesity is important to decrease cardiovascular events and reduce
sarcopenic obesity and metabolic syndrome.

The use of US has gradually become widespread at clinical sites
to diagnose and evaluate disease activity in patients with RA. Our
hypothesis was that US is useful for screening for sarcopenia and
obesity by measuring thigh muscle thickness and fat thickness in
patients with RA.
2. Methods

2.1. Participants

A prospective, observational study was started in 2016 to
investigate correlations among sarcopenia, locomotive syndrome,
and RA disease activity, as the correlation research of sarcopenia,
skeletal muscle, and disease activity in rheumatoid arthritis (CHI-
KARA) study [9]. This study was registered with the UMIN Clinical
Trials Registry [http://www.umin.ac.jp/ctr/] (UMIN000023744).
Correlations among sarcopenia, obesity, and muscle and fat thick-
nesses of the anterior thigh on ultrasound were investigated by
cross-sectional analysis using the 2-year follow-up data of the
CHIKARA study.

This study included 100 consecutive patients with RA (78
women, 22men) seen in general clinical practice at our hospital. All
patients with musculoskeletal diseases, neurological diseases,
Fig. 1. The ultrasound machine is always ready to measure muscle and fat thicknesses in t
edges of the patella and greater trochanter (a). The muscle and fat thicknesses are evaluated
anterior fascia of the rectus femoris muscle (RF) and the posterior fascia of the vastus interm
posterior subcutaneous fat.
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malignancy, heart failure, severe renal dysfunction, or surgically
implanted metal were excluded from this study. Patients taking
drugs affecting body composition, such as diuretics, were also
excluded. All patients with RAwere � 20 years old and fulfilled the
2010 American College of Rheumatology/European League Against
Rheumatism classification criteria [18]. The details of the study
protocol and inclusion criteria were presented in our previous
report [9]. At 2-year follow-up, 16 cases (9 cases, personal choice; 3
cases, death; 3 cases, relocation; 1 case, entered retirement home)
dropped out. Therefore, 84 patients with RA were available for this
analysis. The ethics committee of Osaka City General Hospital
approved the study protocol (Approval number: 1505019). Written,
informed consent for participation in this study and publication of
identifying information/images in an online-access publicationwas
obtained from all patients prior to enrolment, in accordance with
the Declaration of Helsinki.
2.2. Measuring thigh muscle and fat thicknesses by ultrasound

The measuring method was reported previously [19]. Patients
sat on a chair with hip and knee flexion at 90� each. The upper
edges of the patella and greater trochanter were palpated. Their
midpoints were measured by a measuring tape. Ultrasound scans
were performed using the HI VISION Noblus device and a linear
probe transducer 18-5 MHz (Hitachi Aloka Medical Ltd., Tokyo,
Japan). The probe was placed perpendicular at the midpoint be-
tween the upper edges of the patella and greater trochanter of the
anterior thigh, and transverse images were recorded by B-mode.
Muscle thickness (MT) was defined as the distance between the
anterior fascia of the rectus femoris muscle and the posterior fascia
of the vastus intermedius muscle. Fat thickness (FT) was defined as
the distance between the anterior and posterior subcutaneous fat
(Fig. 1). MT and FT of both thighs were measured by one clinician
(M.T.), and the average value was calculated and used in the anal-
ysis. The intraclass correlation coefficient of intraobserver agree-
ment for MT and FT were 0.897 and 0.913, respectively.
he consultation room. The ultrasound probe is set at the midpoint between the upper
in a transverse image (b). Muscle thickness (MT) is defined as the distance between the
edius muscle (VI). Fat thickness (FT) is defined as the distance between the anterior and
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2.3. Diagnosis of sarcopenia and obesity

Body compositions were measured using a bioelectrical
impedance analyzer (MC-780A; TANITA, Tokyo, Japan). Weight,
body mass index, muscle mass, body fat mass, total body water,
estimated bone mass, and basal metabolic rate for the total body
and regions (arms, legs, and trunk) were measured by this device.
Gait speed was determined by a 3-m walk test, and grip strength
was measured for each hand using a digital hand-held isokinetic
dynamometer (TKK-5401; Takei Scientific Instruments, Niigata,
Japan). Sarcopenia was diagnosed using the AWGS criteria [12]. The
cut-off values usedwere < 0.8m/s for gait speed and< 26 kg inmen
and < 18 kg in women for grip strength. Sarcopenia was diagnosed
when the appendicular skeletal mass index (ASMI) from the
bioelectrical impedance analysis (BIA) method was < 7.0 kg/m2 in
men and < 5.7 kg/m2 inwomen. Body fat percentage (%BF) was also
measured by this device. Obesity was defined as %BF� 25% and 35%
in men and women, respectively [20,21].

2.4. Clinical assessments of rheumatoid arthritis

The rheumatologist of each patient determined the treatment
strategy based on the treat-to-target concept [22] during the
observation period. All patients completed a self-administered
questionnaire about general health status, activities of daily living
(ADL), and falls and fractures over a year of observation. Laboratory
examinations included C-reactive protein (CRP), matrix metal-
loproteinase 3 (MMP3), and the erythrocyte sedimentation rate
(ESR). RA activity was measured as the disease activity score (DAS)
composite of the ESR and the 28-joint score (DAS28-ESR) [23].
Functional status was also measured in patients with RA based on
modified health assessment questionnaire (mHAQ) scores [24].
Table 1
Clinical status, body composition, and ultrasound parameters of all RA patients.

Variable RA patients (n ¼ 84)

Age, yr 66.5 (59, 74)
Women percentage, % 78.6
Clinical status
Disease duration, years 5.3 (1.2, 11.3)
Stage, I/II/III/IV 31/25/14/14
Class, 1/2/3/4 42/39/3/0
CRP, mg/dL 0.11 (0.05, 0.33)
MMP3, ng/mL 74.6 (53.6, 124.9)
ACPA positive, % 79.8
RF positive, % 65.5
DAS28-ESR 3.5 ± 1.0
mHAQ 0.38 (0.13, 0.75)
MTX, mg/week, rate (%) 8.4 ± 2.9 mg, 84.5%
GC, mg/day, rate (%) 4.4 ± 1.7 mg, 24.2%

BIA
Weight, kg 52.8 ± 9.5
Height, m 1.56 ± 0.08
BMI, kg/m2 21.7 ± 3.2
Body fat percentage, % 27.8 ± 7.8
ASMI, kg/m2 6.4 ± 0.8
BMR, kcal 1052.5 (977, 1159.8)

Muscle function
Grip strength, kg 17.8 (14.1, 21.1)
Gait speed, m/s 1.1 ± 0.3

Ultrasound
MT, mm 27.2 ± 5.3
Rectus femoris MT, mm 14.4 ± 2.9
Vastus intermedius MT, mm 12.8 ± 2.9
FT, mm 9.2 ± 3.8

Data are shown as mean ± standard deviation (SD) or median (25th, 75th percentile).
RA, rheumatoid arthritis; CRP, C-reactive protein; MMP3, matrix metalloproteinase 3; AC
Score; ESR, erythrocyte sedimentation rate; mHAQ, modified Health Assessment Question
BMI, body mass index; ASMI, appendicular skeletal mass index; BMR, basal metabolic ra
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2.5. Statistical analysis

The CHIKARA study's sample of 100 patients was calculated as
the size necessary to investigate the risk factors (approximately 10
factors) for sarcopenia and muscle mass by univariate and multiple
regression analyses. The characteristics of RA patients are pre-
sented as means ± standard deviation (SD) for those with a normal
distribution or as medians (25th, 75th percentiles) for those not
normally distributed. Associations between sarcopenia and MT and
between obesity and FT were investigated using Spearman's cor-
relation coefficients on univariate analyses. Receiver operating
characteristic (ROC) curve analysis for MT and sarcopenia was
performed with MTas a categorical value, and the cut-off value was
calculated using the Youden index to maximize the sum of sensi-
tivity and specificity. The correlation between FT and obesity was
investigated by a simple linear regression model. The kappa co-
efficients of sarcopenia and obesity were calculated with the cut-off
values of MT and FT. All statistical analyses were performed with
EZR (Saitama Medical Center, Jichi Medical University, Saitama,
Japan), which is a graphical user interface for R (The R Foundation
for Statistical Computing, Vienna, Austria). P values < 0.05 were
considered significant.

3. Results

3.1. Characteristics of RA patients

The details of the clinical data, body composition, and ultra-
sound parameters of the 84 patients with RA are presented in
Table 1. The median age was 66.5 years, and disease duration was
5.3 years. Disease activity was moderate (DAS28-ESR, 3.5). The
percentage of methotrexate use was 84.5%, with a mean dose of
Men (n ¼ 18) Women (n ¼ 66)

68 (65, 74) 66 (55, 74)
0 100

4.2 (0.6, 6.6) 6.1 (1.6, 11.3)
6/4/4/4 25/21/10/10
10/8/0/0 32/31/3/0
0.14 (0.06, 0.23) 0.11 (0.04, 0.34)
109.4 (75.1, 183.7) 69.3 (50.4, 104.1)
72.2 81.8
61.1 66.7
3.3 ± 0.8 3.6 ± 1.0
0.125 (0, 0.38) 0.38 (0.13, 0.88)
7.9 ± 3.4 mg, 72.2% 8.6 ± 2.8 mg, 87.9%
6.3 ± 1.4 mg, 22.2% 3.9 ± 1.6 mg, 24.2%

59.8 ± 0.9 51.0 ± 9.8
1.64 ± 0.06 1.53 ± 0.07
22.2 ± 2.8 21.6 ± 3.8
22.2 ± 6.2 28.8 ± 8.5
7.1 ± 0.8 6.2 ± 0.7
1213 (1140, 1294.3) 1026 (957.3, 1098)

19.2 (16.2, 24.2) 16.9 (10.2, 22.2)
1.2 ± 0.2 1.1 ± 0.4

27.5 ± 4.3 27.1 ± 5.6
15.3 ± 2.5 14.1 ± 3.0
12.2 ± 2.1 12.9 ± 3.0
6.8 ± 2.0 9.9 ± 3.9

PA, anti-citrullinated protein antibody; RF, rheumatoid factor; DAS, Disease Activity
naire; MTX, methotrexate; GC, glucocorticoid; BIA, bioelectrical impedance analysis;
te; MT, muscle thickness; FT, fat thickness.
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8.4 mg/week, and that of glucocorticoid usewas 24.2%, with amean
dose of 4.4 mg/day. Body mass index (BMI) was slightly low
(21.7 kg/m2), and %BF was intermediate (27.8%). Rectus femoris MT
(14.4 mm) was almost the same as vastus intermedius MT
(12.8 mm). Weight, height, BMI, ASMI, and basal metabolic rate
were higher for men than for women. Muscle function and MT also
showed the same tendency. However, body fat percentage and FT
were lower in men than in women.

3.2. Comparisons of RA patients with and without sarcopenia and
obesity

The results of BIA, muscle function, and ultrasound are pre-
sented in Table 2. The percentage of sarcopenia diagnosed by AWGS
criteria was 22.6% (n ¼ 19). The percentage of men was 44.4%
(n ¼ 8), and that of women was 16.7% (n ¼ 11). The sarcopenia
group was significantly older than the no sarcopenia group. The
BMI, %BF, and ASMI were significantly lower in the sarcopenia
group than in the no sarcopenia group. Muscle functions were
relatively lower in the sarcopenia group than in the no sarcopenia
group, but there were no significant differences. MT and FT were
significantly lower in the sarcopenia group than in the no sarco-
penia group.

The percentage of obesity diagnosed by %BF was 28.6% (n ¼ 24).
The percentage of men was 38.9% (n ¼ 7), and that of women was
25.8% (n ¼ 17). Weight, BMI, %BF, and ASMI were significantly
higher in the obesity group than in the no obesity group. On the
other hand, muscle functions of the obesity group were similar to
those of the no obesity group. There was no significant difference in
MT between the 2 groups. However, FT was significantly higher in
the obesity group than in the no obesity group.

3.3. Relationship between MT and sarcopenia

The relationship between MT and sarcopenia was analyzed by
sex. MT was significantly negatively correlated with sarcopenia
(men: r ¼ �0.56, p ¼ 0.02, women: r ¼ �0.32, P ¼ 0.01). The ROC
curve for MT and sarcopenia is presented in Fig. 2. The area under
the ROC curve (AUC) for MT was 0.825 (95% CI; 0.620e1.000;
P¼ 0.01) in men; the cut-off value of MTwas 24.7 mm (Fig. 2a). The
AUC was 0.745 (95% CI; 0.573e0.916; P ¼ 0.03) in women; the cut-
off value of MT was 19.7 mm (Fig. 2b). When these cut-off values
were used for the diagnosis of sarcopenia, the kappa coefficient was
0.541 (men 0.649, women 0.449). Sensitivity, specificity, and
Table 2
Muscle mass parameters of RA patients with and without sarcopenia and obesity.

Variable Sarcopenia (n ¼ 19) No sarcopenia (n ¼ 65

Age, yr 77 (64.5, 81.5) 66 (57, 72)
Women percentage, % 57.9 84.6
BIA
Weight, kg 49.4 ± 8.5 53.8 ± 9.6
BMI, kg/m2 19.9 ± 2.5 22.2 ± 3.3
Body fat, % 24.0 ± 7.1 28.9 ± 7.8
ASMI, kg/m2 6.0 ± 0.7 6.5 ± 0.8

Muscle function
Grip strength, kg 17.5 (12.8, 22.6) 18.1 (14.2, 20.7)
Gait speed, m/s 1.1 ± 0.3 1.2 ± 0.3

Ultrasound
MT, mm 23.8 ± 4.7 28.2 ± 5.1
Rectus femoris MT, mm 13.2 ± 3.0 14.7 ± 2.8
Vastus intermedius MT, mm 10.6 ± 2.0 13.4 ± 2.8
FT, mm 7.4 ± 1.8 9.7 ± 4.0

Data are shown as mean ± standard deviation (SD) or median (25th, 75th percentile
ManneWhitney U testz. Categorical variables were analyzed using Fisher's exact testx.
RA, rheumatoid arthritis; BIA, bioelectrical impedance analysis; BMI, body mass index; A
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positive and negative predictive values were 52.6%, 95.4%, 76.9%,
and 87.3%, respectively.

3.4. Relationship between FT and obesity

The relationship between FTand obesity was analyzed by sex. FT
was significantly positively correlated with %BF (men: r ¼ 0.66,
P < 0.01, women: r ¼ 0.62, P < 0.001). A simple linear regression
model is presented in Fig. 3. The %BF was estimated by 2.04 � FT þ
8.53 in men (Fig. 3a) and by 1.2 � FT þ 17.42 in women (Fig. 3b).
Using this formula, FT � 8.1 mm in men and FT � 14.6 mm in
women indicated obesity. When these cut-off values were used for
the diagnosis of obesity, the kappa coefficient was 0.364 (men
0.400, women 0.314). Sensitivity, specificity, and positive and
negative predictive values were 96.7%, 33.3%, 78.4%, and 80.0%,
respectively.

4. Discussion

This study evaluated whether ultrasound examination of the
thigh is suitable for screening for sarcopenia and obesity using a
cross-sectional analysis of data from a prospective, observational
study. The findings indicated that the cut-off value of MT to di-
agnose sarcopenia was � 24.7 mm in men and � 19.7 mm in
women, and the cut-off value of FT to diagnose obesity was �
8.1 mm in men and � 14.6 mm in women.

Ultrasound examinations of healthy individuals were not per-
formed in the present study. Hida et al [19] reported that sarco-
penia and thigh muscle thickness were correlated in community-
dwelling people; the cut-off values of MT were found to be
36 mm in men and 34 mm in women. The cut-off values in the
present study were lower than theirs. The reason may be the
different subjects: they investigated healthy community-dwelling
people aged � 40 years who participated in annual public health
check-ups, whereas the present study investigated outpatients
with RA. RA is a chronic inflammatory disease, and the patients’
muscle mass was decreased by joint destruction and deterioration
of ADL.

Obesity has been defined using BMI or %BF [21]; %BF was used in
the present study, because the average BMI was 21.7 kg/m2, high
BMI patients were few, and BMI is calculated by including muscle
weight. Therefore, %BF was used in the present study. As for the
correlation between FT and obesity, the kappa coefficient was 0.314
in women, which was fair. The reason was that the percentage of
) P-value Obesity (n ¼ 24) No obesity (n ¼ 60) P-value

0.004z 69.5 (63, 73) 66 (55.5, 74) 0.300z
0.023x 70.8 81.7 0.379x

0.076y 61.7 ± 8.7 49.3 ± 7.4 <0.001y
0.006y 25.2 ± 3.0 20.3 ± 2.1 <0.001y
0.016y 35.9 ± 5.7 24.5 ± 6.01 <0.001y
0.005y 6.8 ± 1.0 6.3 ± 0.7 0.010y

0.549z 17.9 (13.4, 22.6) 17.7 (14.2, 20.7) 0.902z
0.086y 1.1 ± 0.3 1.2 ± 0.3 0.226y

0.001y 28.7 ± 5.9 26.6 ± 5.0 0.099y
0.038y 15.2 ± 3.1 14.1 ± 2.8 0.109y
<0.001y 13.5 ± 3.1 12.5 ± 2.7 0.151y
0.016y 11.8 ± 5.2 8.2 ± 2.4 <0.001y

). Continuous variables were analyzed using an unpaired Student's t-testy or the

SMI, appendicular skeletal mass index; MT, muscle thickness; FT, fat thickness.



Fig. 2. Receiver operating characteristic (ROC) curve analysis of muscle thickness (MT) in relation to sarcopenia. The area under the ROC curve (AUC) for MT is 0.825 in men (a) and
0.745 in women (b).

Fig. 3. A simple linear regression model between body fat percentage (%BF) and fat thickness (FT). The plot indicates patients, separately for men (a) and women (b). FT � 8.1 mm in
men (a) and FT � 14.6 mm (b) in women indicate obesity.
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obesity was low. If the cut-off value of obesity were 30% in women,
the kappa coefficient would be slightly increased, to 0.383 (data not
shown).

Whether echogenicity (brightness) of muscle, which reflects the
ratio of muscle and fat, reflects muscle quality is controversial.
Kawai et al [25] reported that classification of the morphological
(echogenicity) and qualitative (thickness) characteristics obtained
from ultrasound imaging may be useful for assessing sarcopenia in
community-dwelling older adults. However, echogenicity is
changed by the setting and model of the ultrasound machine and
the direction of the probe. The thickness of muscle is not changed
by these conditions and can provide highly reliable data. Berger
85
et al [26] reported that MT was correlated with muscle density
(echogenicity) at the rectus femoris. Therefore, the evaluation of
MT includes that of muscle quality.

Once patients develop sarcopenia, it is difficult to escape from it,
because an increase of muscle mass and recovery of muscle func-
tion takes much time. Exercise and nutrition are important to
prevent sarcopenia. However, they need to be continued, which
requires strong motivation. On the other hand, obesity is one of the
risk factors for cardiovascular events [15] and metabolic syndrome
[16], and a predictor of worse disease activity in RA [27]. Early
diagnosis and intervention are necessary to prevent the develop-
ment of sarcopenia and obesity. Ultrasound examination of thigh
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muscle and fat, which is easy and less invasive compared to other
examinations [28], is suitable as a screening tool for sarcopenia and
obesity and useful as an opportunity for starting exercise and
nutritional interventions.

The prevalence of sarcopenia in RA was 28% in the CHIKARA
study [9]. Yoshimura et al [29] reported that it was 8.5% in men and
8.0% in women among community-dwelling people in the ROAD
study. The prevalence of sarcopenia is higher in RA than in
community-dwelling people. Grip strength was not evaluated
accurately, because RA patients have finger deformities and joint
destruction of the hands. Their gait speed is also slow, because they
have destruction of weight-bearing joints (hips, knees, and ankles).
Therefore, RA patients have muscle function disabilities. In addi-
tion, glucocorticoids, which some RA patients take daily to control
their pain, can decrease muscle mass. We have reported that RA
patients using GCs at an average dose � 3.25 mg/day over 1 year
were at higher risk for developing sarcopenia in the CHIKARA study
[30]. It is known that RA induced the metabolic abnormality called
“cachexia” [31,32]. It is important to not only control the disease
activity, but also prevent sarcopenia.

The present study has some limitations thatmust be considered.
First, disease activity was relatively well controlled, and the per-
centage of obesity was low. Most patients were active and hadmid-
level BMIs. Second, the number of patients with RA was small, and
there were no healthy controls for comparison. Third, echogenicity,
which may reflect muscle quality, was not assessed by ultrasound.

5. Conclusions

The present study showed that ultrasound examination of the
anterior thigh was useful to identify sarcopenia and obesity in pa-
tients with RA. MT � 24.7 mm in men and � 19.7 mm in women
may indicate sarcopenia, and FT� 8.1mm inmen and� 14.6mm in
women may indicate obesity. Measuring MT and FT by US is useful
to screen for sarcopenia and obesity in patients with RA.
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