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Abstract

Background: Chronic inflammation in rheumatoid arthritis (RA) can induce reduced muscle
mass (myopenia) and ectopic fat deposition probably showing normal body mass index (BMI).
We aimed to investigate their body composition (BC) characteristics and clinical significance.
Methods: BM| and BC were collected in consecutive RA patients and control subjects.
Myopenia was defined by appendicular skeletal muscle mass index (ASMI) <7.0kg/m2in men
and <5.7kg/m?in women. Overfat was defined by body fat percentage (BF%) as =25% for men
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been demonstrated in recent studies, which may
be a potential condition predisposing to frailty.
RA patients with reduced skeletal muscle mass
may have serious consequences for their mortal-
ity, joint damage and physical dysfunction.>® On
the other hand, obesity as another kind of abnor-
mal BC has also been investigated in RA patients
for its increased risk of RA development, worse
disease activity and more comorbidities such as
hypertension, cardiovascular disease (CVD), and
diabetes, but less joint destruction.”®

Clinically, body weight or body mass index (BMI)
is used to assess the nutritional status of individu-
als. Compared with underweight, overweight or
obese individuals respectively, normal weight indi-
viduals are thought to be associated with the lowest
mortality, as the ideal range for BMI in a general
population.!® However, BMI may fail to identify
rheumatoid cachexia in RA patients, which is
referred as loss of skeletal muscle mass and gain in
fat mass causing stable weight; there is even no
consensus for diagnosis criteria.!! Chronic inflam-
mation in RA can induce skeletal muscle atrophy
and dysfunction as well as ectopic fat deposition.2
This compensatory increased body fat may lead to
normal weight or BMI in RA patients, and normal
BMI was reported as high as 45-85% in Caucasian
RA patients.1%13 Therefore, detailed assessment of
BC to distinguish muscle and fat mass as well as
their distributions has critical importance in RA
patients, especially those with normal weight or
BMI. However, few studies have paid attention to
these special subgroups of RA patients.

In this cross-sectional study, we compared BC
characteristics between Chinese RA patients and
matched control subjects with normal BMI, and
explored their clinical significance.

Patients and methods

Study design and participants

This study was designed as a single-center cross-
sectional study conducted in Chinese patients with
RA at the Department of Rheumatology, Sun Yat-
sen Memorial Hospital, Guangzhou, PR China, as
described in our previous reports.> Consecutive
RA patients aged =16years who fulfilled 2010
American College of Rheumatology/European
League Against Rheumatism (EULAR) classifica-
tion criteria for RA!4 were recruited from August
2015 to June 2019. Exclusion criteria included

overlapping other autoimmune diseases (e.g. sys-
temic lupus erythematosus, scleroderma, dermato-
myositis, etc.), malignancy, serious infection,
organ dysfunction including hepatic, renal and res-
piratory dysfunction, pregnancy, severe mental
disorders, or unable to stand stably and indepen-
dently (e.g. stroke, severe spinal deformity, etc.).
Control subjects were white-collar employees in
Zhangjiang InnoPark of Shanghai voluntarily par-
ticipating in this study from April 2015 to
December 2016.5 This study was conducted in
compliance with the Helsinki Declaration and the
protocol was approved by the Medical Ethics
Committee of Sun Yat-sen Memorial Hospital
(SYSEC-2009-06 and SYSEC-KY-KS-012). All
participants gave their written informed consent
before clinical data collection.

Data collection

Demographic and clinical data were collected at
enrollment, including age, sex, disease duration,
smoking habits, previous medications, comor-
bidities, disease activity, physical function, and
radiographic indicators, as we described previ-
ously.1>16 Clinical data included disease dura-
tion, 28-joint tender and swollen joint count
(28T]JC and 28SJC), patient and provider global
assessment of disease activity (PtGA and PrGA;
range 0—10 cm), pain visual analogue scale (Pain
VAS; range 0—10 cm), erythrocyte sedimentation
rate [ESR; normal range 0-20mm/h (female),
0-15mm/h (male)], C-reactive protein (CRP;
normal range 0—5 mg/L), rheumatoid factor (RF;
normal range 0—20mg/L, determined by neph-
elometry, Siemens Healthcare Diagnostics,
Munich, Germany), and anti-cyclic citrullinated
peptide antibody (ACPA, normal range 0—18 U/
mL, measured by enzyme-linked immunosorb-
ent assay, Aesku Diagnostics, Wendelsheim,
Germany). Disease activity was assessed with
disease activity score in 28 joints with four vari-
ables including CRP (DAS28-CRP), simplified
disease activity index (SDAI) and clinical dis-
ease activity index (CDAI). Disease activity
defined by CDAI was divided into four catego-
ries: high disease activity (HDA, CDAI>22),
moderate disease activity (MDA,
10 <CDAI=<22), low disease activity (LDA,
2.8 <CDAI=<10), and remission (CDAI<2.8).
Active RA was defined as CDAI>2.8.17 The
Chinese language version of Stanford Health
Assessment Questionnaire disability index
(HAQ-DI) was used to assess physical activity
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function in eight categories (dressing, rising, eat-
ing, walking, hygiene, reaching, gripping, and
activities).!® Comorbidities included hyperten-
sion, type 2 diabetes, dyslipidemia, and CVD
including both coronary artery disease (angina
pectoris or myocardial infarction) and stroke
(ischemic or hemorrhagic).1?

Conventional radiographs of bilateral hands and
wrists (anteroposterior view) of all RA patients
were collected at enrollment. Radiographs were
assessed according to the Sharp/van der Heijde
modified score,?? using the average scores of two
experienced readers (ZHY from Radiology and
LFC from Rheumatology) who were blinded to
clinical data as we described previously.1516
Sixteen areas for joint erosion (JE) and 15 for
joint space narrowing (JSN) of hands were
assessed in each hand/wrist. The maximum
score per single joint for JE is 5, and for JSN is 4,
with the sum of JE (0-160) and JSN (0-120)
subscores constituting modified total Sharp
score (mTSS; 0-280). The mean intra-class cor-
relation coefficient for inter-examiner agreement
was 0.956.

BMI and body composition

BMI (kg/m2) was calculated as weight (kg)
divided height (m) squared. As recommended by
the Working Group on Obesity in China,?! sub-
jects were categorized by BMI as underweight
(BMI <18.5kg/m?2), normal weight (18.5kg/m?2=<
BMI <24 kg/m?), overweight (24kg/m?=<BMI<
28kg/m?2) and obese (BMI=28kg/m?). BC was
assessed by bioelectric impedance analysis (BIA)
using an In Body 230 device (Biospace Co.,
Shanghai, China).??2 BC indicators included body
fat percentage (BF%), the mass and distribution
of muscle and fat in trunk and appendicular
extremities. Appendicular skeletal muscle mass
index (ASMI) was defined as appendicular skel-
etal muscle mass/height? (kg/m?). Myopenia,
referred as reduced skeletal muscle mass, was
defined by ASMI<7.0kg/m?2 in men and <5.7kg/
m? in women according to the Asian Working
Group for Sarcopenia.>?3 Overfat was defined by
BF% as =25% for men and =35% for women.?*
According to myopenia and overfat, subjects were
divided into four BC subgroups: normal fat and
non-myopenia (normal BC), myopenia but nor-
mal fat, overfat but non-myopenia, and myopenia
overlapping overfat.

Exposure
Individuals with normal BMI were exposed to RA
or not (control subjects).

Outcome

The primary outcome was myopenia overlapping
overfat. The secondary outcomes were other BC
characteristics including myopenia, overfat, and
the other three BC subgroups.

Statistical analysis

IBM SPSS Statistics software for Windows version
25.0 IBM, Armonk, NY, USA) was used for sta-
tistical analyses. Values of continuous variables
were presented as mean and standard deviation
(SD) or median with interquartile range (IQR)
according to distributions. Two independent sam-
ples t-test or the Mann—Whitney U test were used
for comparison between two independent groups,
and one-way analysis of variance or Kruskal-Wallis
analysis of variance on ranks were used among
three or more groups according to distributions.
Categorical variables were presented as numbers
and percentages. Chi-square test or Fisher’s exact
test were used to compare categorical variables.
Bonferroni correction was used for multiple com-
parisons in three or more groups.

Propensity score matching was used to balance age
and sex distribution between two groups with or
without exposure (RA patients versus control sub-
jects in 1:1 matching). Conditional logistic regres-
sion analysis was used to compare continuous and
categorical variables between matched two groups
in all and sex stratification. Further analysis of dis-
ease characteristics in RA patients with normal
BMI was performed. To validate our findings,
stratified analyses were performed for previous glu-
cocorticoid treatment or hypertension in RA
patients with normal BMI. Univariate and multi-
variate logistic regression analyses by calculating
odds ratio (OR) and 95% confidence interval (CI)
were used to identify potential associated factors of
overlapping myopenia and overfat in normal BMI
RA patients. Stepwise multivariate logistic regres-
sion followed the rule that variables were included
when the p value was <0.05 or removed when the
p value was >0.10. Potential confounders were
adjusted including age, sex, smoking habits and
CDAI. All significance tests were two-tailed and
were conducted at the 5% significance level.
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Figure 1. Flow diagram of matched rheumatoid arthritis (RA] patients and control subjects with normal body

mass index (BMI] for statistical analysis.

Results

Baseline characteristics of all RA patients

There were 620 RA patients and 2537 control sub-
jects recruited. The baseline characteristics of RA
patients are shown in Table 1. In the RA group, the
mean age was 49.5 + 12.8years with 82.3% female.
The median disease duration was 48 months (IQR
23-108), 4.7% with short disease duration
(<6months), and 69.4% with long disease dura-
tion (>>24months). According to CDAI, there were
20.5% RA patients with HDA, 28.1% MDA,
28.7% LDA, and 22.7% in remission. There were
17.3% patients without previous glucocorticoid or
disease modifying anti-rheumatic drugs (DMARDSs)
therapy for 6 months before enrollment (treatment
naive). There were 208 (33.5%) RA patients with
hypertension, 53 (8.5%) with type 2 diabetes, 66
(10.6%) with dyslipidemia and 32 (5.2%) with
CVD. In the control group, the mean age was
33.6 =9.6years with 52.8% female. Compared
with control subjects, RA patients were older
(49.5 = 12.8years versus 33.6 = 9.6 years, p<<0.001)
with a predominance of females (82.3% wersus
52.8%, p<<0.001).

Comparisons of BC characteristics between
matched RA patients and control subjects with
normal BM|

In all RA patients, 104 (16.8%) were under-
weight, 357 (57.6%) were normal weight, 134

(21.6%) were overweight, and 25 (4.0%) were
obese, while there were 189 (7.5%) underweight,
1586 (62.5%) normal weight, 642 (25.3%) over-
weight, and 120 (4.7%) obese in control sub-
jects. Compared with control subjects with
normal BMI, RA patients with normal BMI were
older (49.3*12.3years wersus 32.3* 8.8years,
$<0.001) with a predominance of females
(84.9% wversus 61.7%, p<<0.001).

In order to balance the effects of age and sex on
BC characteristics between two groups, RA
patients with normal BMI were matched with
age and sex 1:1 to control subjects with normal
BMI in propensity score method (Figure 1).
After matching, there were 240 RA patients and
240 control subjects included, with no difference
in age, sex and BMI (Supplemental material
Table 1 online). Compared with the control
group, matched RA patients with normal BMI
had significantly higher rate of myopenia (43.3%
versus 22.1%) with lower ASMI (5.9 = 0.8 kg/m?
versus 6.3 * 0.8kg/m?2), higher rate of overfat
(19.2% wversus 7.1%) with higher BF%
(29.3£6.4% wersus 26.7*6.3%), and higher
prevalence of abnormal BC (45.4% wersus
25.8%), including higher proportion of myope-
nia but normal fat subgroup (26.2% wversus
18.7%) and myopenia overlapping overfat sub-
group (17.1% wersus 3.3%, p<0.001; Figure 2),
with all lower muscle indicators and higher fat
indicators distributed in trunk and appendicular
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Table 1. Baseline characteristics of RA patients.

Characteristics RA patients
(n=620)
Age, years, mean =SD 495+12.8
Female, n (%) 510 (82.3)
Active smoking, n (%) 93 (15.0)
Disease duration, months, 48 (23-108)
median (IQR)
Positive RF, n (%) 402 (64.8)
Positive ACPA, n (%) 432 (69.7)
Core disease activity indicators
28TJC, median (IQR) 2 (0-6)
285JC, median (IQR) 1 (0-4)
PtGA, cm, median (IQR) 3(1-5)
PrGA, cm, median (IQR) 3(1-5)
Pain VAS, cm, median (IQR) 2 (2-4)
ESR, mm/h, median (IQR) 27 (15-49)
CRP, mg/L, median (IQR) 4.1(3.3-15.1)
DAS28-CRP, median (IQR) 3.2 (2.0-4.4)
SDAI, median (IQR) 11.2 (4.3-21.7)
CDAI, median (IQR) 10 (4-20)
Functional indicator
HAQ-DI, median (IQR) 0.13 (0.00-0.72)
Radiographic indicators
mTSS, median (IQR) 11 (4-33)
JSN subscore, median (IQR) 3(0-12)
JE subscore, median (IQR) 8 (3-21)
Previous medications
Treatment naive, n (%) 107 (17.3)
Glucocorticoid, n (%) 341 (55.0)
Methotrexate, n (%) 409 (66.0)
Leflunomide, n (%) 324 (52.3)
Hydroxychloroquine, n (%) 114 (18.4)
Sulfasalazine, n (%) 50 (8.1)
(Continued)

Table 1. (Continued)

Characteristics RA patients
(n=620)

Cyclosporin A, n (%) 40 (6.5)
Biologic agents, n (%) 38 (6.1)

Comorbidities
Hypertension, n (%) 208 (33.5)
Type 2 diabetes, n (%) 53 (8.5)
Dyslipidemia, n (%) 66 (10.6)
CVD, n (%) 32(5.2)

28SJC, 28-swollen joint count; 28TJC, 28-joint tender
count; ACPA, anti-cyclic citrullinated peptide antibody;
CDAI, clinical disease activity index; CRP, C-reactive
protein; CVD, cardiovascular disease; DAS28-CRP, disease
activity score in 28 joints with four variables including
CRP; ESR, erythrocyte sedimentation rate; HAQ-DI,
Stanford Health Assessment Questionnaire disability
index; IQR, interquartile range; JE, joint erosion; JSN,
joint space narrowing; mTSS, modified total Sharp score;
Pain VAS, pain visual analogue scale; PrGA, provider
global assessment of disease activity; PtGA, patient global
assessment of disease activity; RA, rheumatoid arthritis;
RF, rheumatoid factor; SD, standard deviation; SDAI,
simplified disease activity index.

extremities
online).

(Supplemental material Table 1

In further comparisons by sex stratification,
there were 208 (86.7%) female and 32 (13.3%)
male included in matched RA patients and con-
trol subjects with normal BMI respectively
(Supplemental Table 1). Compared with female
control subjects, matched female RA patients
with normal BMI had a significantly higher rate
of myopenia (45.2% wersus 24.0%) with lower
ASMI (5.7 £0.6kg/m? versus 6.0 = 0.5kg/m?),
higher rate of overfat (19.2% wversus 6.7%) with
higher BF% (30.8 = 4.9% versus 28.1 =5.1%, all
p»<0.01), and higher prevalence of abnormal
BC (47.1% wversus 27.5%), including higher pro-
portion of myopenia but normal fat subgroup
(27.9% wversus 20.7%) and myopenia overlap-
ping overfat subgroup (17.3% wversus 3.4%,
p»<0.001; Figure 2). Compared with male con-
trol subjects, matched male RA patients with
normal BMI had significantly lower ASMI
(7.2 £0.7kg/m? oversus 7.7 =1.1kg/m?), while
there were no differences in the rates of myope-
nia, overfat or abnormal BC subgroups.
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Control subjects

All
(P<0.001)

Female
(P<0.001)

Male
(P=0.169)

RA patients

Figure 2. Comparisons of body composition (BC) subgroups between matched rheumatoid arthritis (RA)
patients and control subjects with normal body mass index.

All, N=240; female, n=208; male, n=32.

Comparisons of disease characteristics among

BC subgroups of RA patients with normal BM|

In all RA patients with normal BMI (n=357),
there were 187 (52.4%) with normal BC, 99
(27.7%) with myopenia but normal fat, six (1.7%)
with overfat but non-myopenia, and 65 (18.2%)
with myopenia overlapping overfat. Because of the
small number in the overfat but non-myopenia
subgroup, statistical analysis of  disease

characteristics was performed in the other three
subgroups (Table 2). There were significant dif-
ferences in age, disease duration, almost all core
disease activity indicators, functional indicator,
radiographic assessment indicators, and the rates
of previous glucocorticoid treatment and hyper-
tension among the three subgroups. RA patients
with myopenia overlapping overfat had the high-
est mTSS (median 24 wersus 16 versus 7),
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subscores of JSN (median 11 versus 5 versus 1) and
JE (median 14 oversus 10 wersus 5), and highest
rates of previous glucocorticoid treatment (75.4%
versus 49.5% wversus 52.4%) and hypertension
(49.2% wversus 28.3% versus 28.3%) in comparison
with the other two subgroups respectively.
Additionally, they also had significantly longer
disease duration (median 96months wversus
40 months), higher core disease activity indicators
including PtGA (median 5 cm versus 2 cm), PrGA
(median 5cm versus 2cm), Pain VAS (median
4cm versus 2cm), ESR (median 32mm/h versus
26 mm/h), CRP (median 8.4mg/LL  wversus
3.3mg/L), DAS28-CRP (median 3.8 wversus 3.0),
SDAI (median 16.2 versus 9.1), CDAI (median
14 versus 8), and higher HAQ-DI (median 0.63
versus 0.12) when compared with the normal BC
subgroup (all p<0.0167, Bonferroni correction;
Table 2).

Clinical features of normal BM| RA patients

with previous glucocorticoid treatment or
hypertension

In all RA patients with normal BMI, there were
201 (56.3%) with previous glucocorticoid treat-
ment and 115 (32.2%) with hypertension.
Compared with those without previous gluco-
corticoid treatment, normal BMI RA patients
with previous glucocorticoid treatment had
higher radiographic assessment indicators
including mTSS (median 12 versus 9) and JE
subscore (median 10 wversus 6), higher rate of
overfat (26.9% versus 10.9%) with higher BF%
(30.1 =27.0% wversus 28.1 £6.2%, all p<<0.05;
Table 3), and higher prevalence of abnormal
BC (51.3% wersus 43.0%), especially a higher
proportion of myopenia overlapping overfat
subgroup (24.4% wversus 10.3%, p=0.002;
Figure 3).

Compared with those without hypertension, nor-
mal BMI RA patients with hypertension were older
(55.0 = 10.4years wversus 46.5* 12.2years) with
higher PtGA (median 4cm wversus 3cm), higher
PrGA [median (IQR): 3 (1-6) cm wversus 3 (1-5)
cm], higher HAQ-DI (0.25 wersus 0.13), higher
BMI (21.6 =1.5kg/m? oversus 21.1 £ 1.5kg/m?),
higher rate of overfat (29.6% wersus 15.3%, all
$<0.05, Table 3), and higher prevalence of abnor-
mal BC (53.9% wversus 44.6%) especially higher
proportion of myopenia overlapping overfat sub-
group (27.8% wersus 13.6%, p=0.014, Figure 3)

Associated factors of myopenia overlapping
overfat in RA patients with normal BM|

To explore the potential associated factors of myo-
penia overlapping overfat in RA patients with nor-
mal BMI, univariate and multivariate logistic
regression analyses were performed (Figure 4).
Univariate logistic regression analysis showed that
myopenia overlapping overfat was positively associ-
ated with age (OR=1.038, 95% CI 1.013-1.063),
disease duration (OR=1.007, 95% CI 1.003-
1.010), positive RF (OR=2.213, 95% CI 1.151-
4.252), all core disease activity indicators, HAQ-DI
(OR=2.213, 95% CI 1.526-3.210), radiographic
assessment indicators, previous glucocorticoid
treatment (OR=2.821, 95% CI 1.534-5.188) and
hypertension (OR=2.442, 95% CI 1.411-4.227;
Figure 4A).

Further stepwise multivariate logistic regression
analysis showed that CRP (OR=1.017, 95% CI
1.004-1.030), mTSS (OR=1.016, 95% CI
1.010-1.023), previous glucocorticoid treatment
(OR=2.823, 95% CI 1.438-5.544), and hyper-
tension (OR=2.753, 95% CI 1.490-5.087; Figure
4B) were potential associated factors of myopenia
overlapping overfat. After adjustment for potential
confounders including age, sex, smoking habits,
and CDAI, multivariate logistic regression analysis
confirmed that CRP (OR=1.017, 95% CI 1.002—
1.032), mTSS (OR=1.016, 95% CI 1.009-
1.023), previous glucocorticoid treatment
(OR=2.844, 95% CI 1.441-5.614), and hyper-
tension (OR=2.452,95% CI 1.283-4.685; Figure
4C) were still associated with myopenia overlap-
ping overfat in RA patients with normal BMI.

Discussion

This is the first study to compare BC characteris-
tics in RA patients with normal BMI with matched
controls, which showed higher prevalence of myo-
penia overlapping overfat (17.1% versus 3.3%) and
those normal BMI RA patients with myopenia
overlapping overfat had the worst radiographic
scores as well as the highest rates of previous glu-
cocorticoid treatment and hypertension. There
were 24.4% and 27.8% with myopenia overlap-
ping overfat in normal BMI RA patients with pre-
vious glucocorticoid treatment and hypertension
respectively. Previous glucocorticoid treatment
(OR of 2.844-fold) and hypertension (OR of
2.452-fold) were their potential associated factors.
All these findings indicate that myopenia
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Figure 3. Comparisons of body composition (BC) subgroups between normal body mass index rheumatoid
arthritis patients with and without previous glucocorticoid treatment or hypertension. Without previous
glucocorticoid treatment, n=156; with previous glucocorticoid treatment, n=201; without hypertension, n=314;

with hypertension, n=43.

overlapping overfat is an important extra-articular
manifestation which should not be ignored in RA
patients even with normal BMI, especially those
with glucocorticoid treatment and hypertension.

Recently, the coexistence of reduced skeletal
muscle and increased fat has raised attention.
Sarcopenic obesity has been proposed to identify
obesity with low skeletal muscle mass and func-
tion, which is largely limited to the aging popula-
tion, with different definitions, BC assessment
techniques, and obesity markers.?> A cross-
national analysis of 18,363 elderly people from
Finland, Poland, Spain, China, Ghana, India,
Mexico, Russia, and South Africa reported that
the prevalence of sarcopenic obesity was 4.7% in
the overall population with a range from 1.3%
(India) to 11.0% (Spain).?¢ Similarly, for RA
patients, rheumatoid cachexia was proposed by

Engvall ez al.?2” and Elkan ez al.?® with different
cut-off points of low fat free mass index and
high fat mass index of Swedish healthy adult
population, and its prevalence ranges from 15%
to 32% under different criteria in a recent meta-
analysis.?® However, the coexistence of reduced
skeletal muscle and increased fat in normal BMI
in the general population and RA patients is
rarely studied. Due to “sarcopenic obesity”
mainly for the elderly, and lack of consensus for
the diagnosis of both “sarcopenic obesity” and
“rheumatoid cachexia”, “myopenia overlapping
overfat” was adopted in our study. Our data
showed an approximate rate of myopenia over-
lapping overfat in normal BMI control subjects
(3.3%) compared with sarcopenic obesity in a
Chinese population (2.9%).26 We first reported
the high prevalence of myopenia overlapping
overfat in normal BMI RA patients (17.3% for
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Figure 4. [Continued)
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Figure 4. Logistic regression analysis for potential associated factors of myopenia overlapping overfat in
rheumatoid arthritis patients with normal body mass index.

28SJC, 28-swollen joint count; 28TJC, 28-joint tender count; ACPA, anti-cyclic citrullinated peptide antibody; CDAI, clinical
disease activity index; Cl, confidence interval; CRP, C-reactive protein; CVD, cardiovascular disease; DAS28-CRP, disease
activity score in 28 joints with four variables including CRP; ESR, erythrocyte sedimentation rate; HAQ-DI, Stanford Health
Assessment Questionnaire disability index; JE, joint erosion; JSN, joint space narrowing; mTSS, modified total Sharp score;
OR, odds ratio in logistic regression; Pain VAS, pain visual analogue scale; PrGA, provider global assessment of disease
activity; PtGA, patient global assessment of disease activity; RF, rheumatoid factor; SDAI, simplified disease activity index.

female and 15.6% for male), especially those
with previous glucocorticoid treatment (24.4%)
and hypertension (27.8%). All these rates were
higher than that in all RA patients (14.0%) in
our previous study,’ which indicates myopenia
overlapping overfat is common in RA patients
even with normal BMI.

Several factors can affect both muscle and fat
simultaneously in RA. Overexpression of pro-
inflammatory cytokines in RA can stimulate pro-
teasome-dependent proteolysis, causing muscle
atrophy,23° and induce ectopic fat accumulation in
muscle by reduced B-oxidation of fatty acid and
upregulated fatty acid uptake.3! Apart from inflam-
mation, varying degrees of pain, limited joint
mobility, and lack of physical activity are thought
to be contributing factors to muscle loss and fat
deposits in RA.32 Previous studies showed that
Swedish RA patients with rheumatoid cachexia
were associated with serum CRP levels, DAS28,
HAQ score, cholesterol levels and high frequency
of hypertension.?”-28 Another Mexico study showed
that rheumatoid cachexia was related to disability
(OR of 4.69) but negatively related to methotrex-
ate treatment (OR of 0.19),3> while a review
reported no association between rheumatoid
cachexia and rheumatoid disease severity, such as
disease duration, swollen joint counts, mean ESR,
or prednisolone treatment.!? The clinical features
in normal BMI RA patients with myopenia over-
lapping overfat have not been reported. Our study
first showed that normal BMI RA patients with
myopenia overlapping overfat had the worst radio-
graphic scores as well as the highest rates of previ-
ous glucocorticoid treatment and hypertension.
CRP, mTSS, previous glucocorticoid treatment,
and hypertension are their potential associated fac-
tors, which is worth exploring in the future.

Abnormal BC in RA has strong associations not
only with chronic inflammation but also with
pharmacotherapies, especially glucocorticoids.3*
Extended exposure to glucocorticoids can cause

Cushing’s syndrome,3> while early RA patients
treated with high-dose, step-down prednisolone
regimen reported increased fat mass but no fat
redistribution from peripheral to central tissues.>?®
Glucocorticoids do play an important role in reg-
ulating muscle and fat metabolism; however, in
RA patients, the net effect of the disease itself and
glucocorticoid treatment on BC remains to be
determined.?> Glucocorticoids can break down
skeletal muscle by inhibiting its regeneration by
attenuating myogenic cell proliferation and differ-
entiation.3” Meanwhile, glucocorticoids have
potent effects on improvement of muscle repair
and function by inflammation reduction.?® Recent
studies reported that physiological levels of gluco-
corticoids may increase muscle mass and muscle
strength, especially at a younger age,?® and
enhance physical performance in athletes.4 In
addition, different effects of glucocorticoids are
also shown on fat metabolism. Long-term gluco-
corticoid treatment results in enhancement of
lipogenesis, increased visceral obesity, and hyper-
tension, while acute glucocorticoid exposure typi-
cally promotes lipolysis and weight loss.*! Our
cross-sectional data underline that glucocorticoid
treatment is not only associated with worse radio-
graphic scores, but also has a high risk of 2.7-fold
for myopenia overlapping overfat even in those
with normal BMI who are considered as without
Cushing’s syndrome. Besides glucocorticoid,
other medications such as non-steroidal anti-
inflammatory drugs, hydroxychloroquine, and
tumor necrosis factor-o inhibitors are reported to
possibly contribute to a lesser extent to skeletal
muscle, while interleukin (IL)-6/Janus kinase/sig-
nal transducer activator of transcription (JAK-
STAT) inhibition has beneficial effects on
improving muscle mass and lipid profiles.?* But
our logistic regression analysis showed no associ-
ation between previous anti-IL-6 treatment and
myopenia overlapping overfat, which may due to
a small sample of patients with previous tocili-
zumab treatment. Although 2019 EULAR rec-
ommends that short-term glucocorticoids should
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be tapered as rapidly as clinically feasible in RA
management,*? IL-6/JAK-STAT inhibition rather
than glucocorticoid, taking the above into
account, may be preferred for early RA treatment,
even in those with normal BMI.

Recent reports from the Australian Rheumatology
Association Database and Asian studies showed
that RA patients had high prevalence of comor-
bidities, including hypertension (31.3-35.2%),
diabetes (8.4-10.2%), dyslipidemia (18.4%),
ischemic heart disease (5.1-6.8%), and cardiovas-
cular accident (3.6%).4>%* In particular, preva-
lence of hypertension ranges from 4% to 73% in
RA patients.¥> With the development of novel
treatments, especially biologic agents, RA no
longer represents a direct threat to life; instead
CVD mortality is increased by ~50% compared
with the general population.#® Hypertension is the
leading cause of CVD and called “the silent killer”
for its harmful effects on vessels, heart and other
target organs that progress gradually without any
apparent symptoms.4” Hypertension in RA is mul-
tifactorial, involved by chronic inflammation,
autoimmunity, and RA-associated lifestyle changes
such as limited physical activity and impaired qual-
ity of life.4> Central obesity exacerbated by gluco-
corticoids in RA has been proved to associate with
arterial thickening and stiffening.*® Moreover,
myostatin as a muscle-derived myokine not only
leads to muscle atrophy and ectopic fat accumula-
tion, but also plays a role in vascular inflammation,
aging, and atherosclerotic damage, which may
contribute to hypertension and increased CVD
risk.#® There are numerous evidences in the gen-
eral population that normal BMI individuals with
increased visceral fat mass are insulin-resistant and
have increased cardiovascular risks.’® However, a
rare study reported the consequences of abnormal
BC in RA patients with normal BMI. Our cross-
sectional study showed similar prevalence of
hypertension in all RA patients (33.5%) and those
with normal BMI (32.2%) compared with previ-
ous studies.*?* In RA patients with normal BMI,
hypertension showed worse functional score,
higher rate of overfat, and high risk of 2.5-fold
associated with myopenia overlapping overfat.
These results indicate that special attention should
be paid to hypertension in this subset of RA
patients, and the mechanisms underlying myope-
nia overlapping overfat related CVD mortality
need further investigation in RA.

There are several limitations of our study. It was
designed as a single-center cross-sectional

investigation. However, our study patients
showed similar demographic characteristics
compared with those in the Chinese Registry of
rheumatoid arthritis (CREDIT) from 173 cent-
ers in 31 provinces all over China,!® as we previ-
ously reported.> The application or not of
medications in the previous 6 months instead of
detailed doses data was collected in order to
avoid recall bias of patients, which limited fur-
ther analysis of the dose—effect relationship
between previous glucocorticoid treatment and
myopenia overlapping overfat in normal BMI.
In a cross-sectional study, associated factors
and outcome measurement in the same time-
frame made it scientifically inappropriate to
determine the causality between hypertension
and myopenia overlapping overfat in normal
BMI RA patients. In our study, BC was assessed
by BIA method rather than dual X-ray absorpti-
ometry (DXA), which is referred as a gold
standard. Since previous data reported compa-
rable accuracy and reliability between BIA and
DXA in Western or Asian populations, as well
as strengths of BIA including non-radioactive,
inexpensive, easy-to-use method, BIA is widely
recommended for the clinical setting.12:51,52
Since the cut-offs of BMI, BF%, and ASMI are
defined according to ethnic differences in differ-
ent populations, a worldwide study would be
needed to extend our results. A future large
scale multi-community based epidemiological
survey on the general population and multi-
center prospective studies on RA patients with
detailed medications, especially IL-6/JAK-
STAT inhibition, and biological elements of
muscle and fat metabolism would be needed to
investigate the clinical significance and link of
the neglected extra-articular manifestation of
myopenia overlapping overfat in RA.

In conclusion, myopenia overlapping overfat as
an important extra-articular manifestation is
common in RA patients even with normal BMI.
Those normal BMI RA patients with myopenia
overlapping overfat need special attention for
their worse disease and associations with gluco-
corticoid treatment and hypertension. Further
prospective studies and researches on treatment
of BC improvement and underlying mechanisms
are worth exploring in the future.
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