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Abstract
Background To evaluate the factors to predict subclinical inflammation of wrist joints in patients with RA who are in 
clinical remission or low disease activity.

Methods Gray scale and power Doppler ultrasound were performed on the dorsal radio-lunate of both wrists. 
The presence of synovitis, comorbidities, and use of disease modifying anti-rheumatic drugs were recorded. 
A Multivariable forward logistical regression model was used to identify factors associated with subclinical 
inflammation.

Results There were 1248 patients (1010 females, 238 males; mean age: 60.0 ± 10.5 years ). 57.4% of patients 
in complete remission and low disease activity had sonographic inflammation. Multivariable forward logistic 
regression analysis indicated that male sex, smoking are positively associated with inflammation and that age, 
alcohol consumption, and use of methotrexate, glucocorticoid, or a biological therapy are negatively associated with 
inflammation. Use of biological agents decreased the risk of inflammation by 40.9%.

Conclusions There was evidence of subclinical inflammation in most patients who were in low or no disease activity, 
those with biological therapy had lower risk of subclinical inflammation.
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Introduction
Approximately half of rheumatoid arthritis (RA) patients 
in clinical remission had disease flare in 24 months [1]. 
RA patients with flare generally have more radiographic 
progression than those in sustained remission. Thus, 
when an RA patient achieves remission, the clinician 
must know how to maintain remission to ensure the best 
possible outcome. Subclinical synovitis often resulted in 
clinical synovitis [2]. Previous studies with power Dop-
pler ultrasound (PDUS) demonstrated active synovial 
inflammation in RA patients who were in clinical remis-
sion [3, 4]. Therefore, PDUS can be used to accurately 
predict subsequent radiographic progression [5]. None-
theless, subclinical inflammation may continue when 
patients appear to be in clinical remission, and subse-
quent disease flare can occur.

There is concern about disease remission can accu-
rately reflect disease state. Remission is characterized as 
the lack of synovial hyperemia and a lack of radiographic 
deterioration [6]. Ultrasound can detect synovitis in 
those without clinical synovitis [7]. Previous reported 
that a significant proportion of patients thought to be in 
clinical remission actually exhibited different grades of 
synovitis by ultrasound or magnetic resonance imaging 
(MRI), and some patients suffered from flares and joint 
damage during follow-up [3–5].

The present study aimed to identify factors affecting 
subclinical inflammation of wrist in patients with RA 
who are in clinical remission or low disease activity.

Methods
This was a registry study of RA. The interim analysis of 
was conducted at CGMHK. The reporting of this study 
conforms to the STROBE statement [8]. This study was 
cross-sectional study approved by the local Institutional 
Review Board of Chang Gung Memorial Hospital in 
Kaohsiung, Taiwan. IRB No: 202000320B0. The Declara-
tion of Helsinki was followed for all participants. Recruit-
ment of the participants took place from December 
1, 2020 to December 31, 2021., and the trial ended on 
December 31, 2021. Participants were requested to sign 
a written informed consent form approved by the institu-
tion ethics committee of Kaohsiung Chang Gang Memo-
rial Hospital. The CONSORT guidelines were followed 
[9] and the CONSORT diagram was used to describe the 
flow of participants at each stage of the trial.

All patients underwent clinical examinations, labora-
tory assessments, and assessments of joints by the dis-
ease activity score 28 (DAS28). The use of medications 
and biological therapies, including etanercept, adalim-
umab, golimumab, tocilizumab, rituximab, and abatacept 
were recorded. Inclusion criteria were (1) those 1987 
ACR criteria for rheumatoid arthritis [10] (2) those with 
DAS < 2.6 (remission) or 2.6 ≦ DAS＜3.2 (low disease 

activity ) [11]. Exclusion criteria were those with associ-
ated with infection or malignancy.

We choose bilaterally wrist joints modified from Peluso 
et al. at the radiocarpal joint [12]. Gray scale (GS) syno-
vitis was scored via US scans in random order by an 
experienced observer (JFC) who was blinded to the clini-
cal data. The GS synovitis and PDUS was graded as 0–3 
by the system of Szkudlarek and colleagues [13]. We use 
(GSUS + PDUS) ≧ 2 based on the report by Hilde Berner 
Hammer [14].

and we defined ≧ 2as subclinical inflammation [15].

Statistical analyses
SPSS software (version 20.0; SPSS, Inc., Chicago, IL) was 
used to perform all statistical analyses. Normally distrib-
uted data are presented as means ± standard deviations. 
The t-test was used for statistical comparisons. The chi-
square test for categorical variables. Forward logistic 
regression was used to adjust for variables predictive of 
sonographic inflammation.

Intra-observer reliability was evaluated with a two-way 
mixed effects model using a definition for consistency 
that excluded the between-measure variance from the 
denominator variance and both single measures. Aver-
age intra-class correlation coefficients (ICCs) were calcu-
lated for GSUS and PDUS synovitis scores. The weighted 
κ values were calculated on a joint-by-joint basis for 
PDUS scores. The ICC and κ values were compared; 
scores greater than 0.60 were considered good and scores 
greater than 0.8 as very good.

Results
We enrolled 1248 patients (85.6% females) who had rheu-
matoid arthritis (Table 1). The mean age was 60.0 ± 10.5 
years and the mean BMI was 23.27 ± 3.72. There were 202 
patients (16.2%) in complete remission and 214 patients 
(17.1%) had low disease activity (2.6 < DAS28 ≤ 3.2). Most 
patients (67.5%) were using methotrexate (MTX) as a dis-
ease-modifying, anti-rheumatic drug (DMARD).

US was performed on radio-lunate joint of the wrist, 
interestingly, 57.4% of the patients in complete remission 
and lower disease activity had subclinical inflammation 
(Fig. 1). We used multivariable forward logistic regression 
to identify factors associated with sonographic inflam-
mation (Table 2). The results indicate that male sex (OR: 
1.69, 95% confidence interval [CI]: 1.37–2.09, p = 0.001), 
smoking (OR: 1.69, 95% CI: 1.21–2.35, p = 0.002) were 
positively associated with subclinical inflammation. In 
contrast, advanced age (OR: 0.98, 95% CI: 0.98–0.99, 
p = 0.001), alcohol consumption (OR: 0.55, 95% CI: 0.35–
0.84, p = 0.006), use of MTX (OR: 0.83, 95% CI: 0.71–0.97, 
p = 0.020), use of a glucocorticoid (OR: 0.60, 95% CI: 
0.52–0.69, p = 0.001), and use of a biological therapy (OR: 
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0.59, 95% CI: 0.50–0.68, p = 0.001) were negatively associ-
ated with inflammation. Discussion

Several studies have shown that GSUS and PDUS assess-
ment of RA patients is useful for assessment of inflam-
mation [16–18]. In particular, PDUS and/or GSUS signals 
can be used to assess hand joints in patients with RA 

Table 1 Baseline demographic and clinical characteristics of 
patients with RA
Characteristic N = 416
Age (years), mean ± SD 60.49 ± 11.45

Body mass index (kg/m2), mean ± SD 23.58 ± 3.71

Rheumatoid arthritis follow-up, mean ± SD 9.42 ± 4.65

Sex (female %) 336(80.8)

Smoking (n, %) 28(6.7)

Alcohol consumption (n, %) 28(6.7)

Diabetes (n, %) 22(5.3)

Hypertension (n, %) 104(25)

Cardiovascular disease (n, %) 18(4.3)

Pulmonary disease (n, %) 10(2.4)

Liver disease (n, %) 14(3.4)

Gastrointestinal disease (n, %) 15(3.6)

DAS28, mean ± SD 2.47 ± 0.56

Complete remission (DAS28�2.6) 202

Low disease activity(2.6 < DAS28�3.2) 214

Use of other RA mediations
Methotrexate (n, %) 278(66.8)

Hydroxychloroquine (n, %) 170(40.9)

Leflunomide (n, %) 48(11.5)

Cyclosporin (n, %) 8(1.9)

Sulfasalazine (n, %) 10(2.4)

Glucocorticoid (n, %) 336(80.8)

Biological therapy (n, %) 111(26.7)

Table 2 Multivariable forward logistic regression analysis of 
factors associated with subclinical inflammation
Variable Regression 

coefficient
Stan-
dard 
error

Wald p 
value

Odd 
ratio 
(95% CI)

Sex 0.52 0.10 23.93 0.001 1.69(1.37–
2.09)

Age -0.01 0.00 13.48 0.001 0.98 
(0.98–0.99)

Body mass index 
(kg/m2)

-0.01 0.00 0.56 0.451 0.99 
(0.97–1.01)

Smoking 0.52 0.16 9.69 0.002 1.69 
(1.21–2.35)

Alcohol 
consumption

-0.59 0.21 7.44 0.006 0.55(0.35–
0.84)

Methotrexate -0.18 0.07 5.45 0.020 0.83(0.71–
0.97)

Hydroxyxhloroquine 0.07 0.07 0.94 0.332 1.07 
(0.93–1.23)

Sulphasalazine -0.28 0.16 2.86 0.091 0.75 
(0.54–1.04)

Leflunomide 0.05 0.10 0.24 0.622 1.05 
(0.42–
1.100)

Cyclosporine -0.64 0.46 1.88 0.170 0.52 
(0.21–1.31)

Glucocorticoid use -0.50 0.07 48.27 0.001 0.60(0.52–
0.69)

Biological therapy -0.52 0.07 48.83 0.001 0.59 
(0.50–0.68)

Fig. 1 Ultrasound in a 40 -year-old woman with RA. The DAS28 is 2.6, while synovial hypertrophy is grade 2, power Doppler is grade 2
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[19]. Previous publications validated the use of global 
sonographic joint counts for synovitis [20–22]. However, 
there is currently no universally accepted combination 
of joints to be included in a global US score for synovitis 
[23]. In this study, we focused on the wrist joints, rather 
than the larger joints.

There had reports that more than 40% of patients with 
RA who are in clinical remission have elevated PDUS sig-
nals, and this explains why a proportion of these patients 
develop radiographic progression during follow-up [3, 
4]. PDUS can provide additional useful information in 
clinical examination of RA patients by allowing an ear-
lier diagnosis and establishing when a patient is in true 
remission. Synovial hypertrophy (SH), scored by GSUS, 
seems less specific, and healthy individuals are frequently 
given grades of 1 [24]. At present, there is no clear criteria 
of active synovitis based on US results, but from expert’s 
views, they suggested the sum of the SH and PDUS signal 
can be used to define active synovitis [25].

In our study, over half of the RA patients had signs of 
active synovitis, even those with low disease activity and 
those in complete remission. Male patients also tended 
to have higher disease activity than females, although 
85.6% of our patients were females. This finding is consis-
tent with a study by Tokunaga et al. [26], which showed 
that male RA patients experienced no improvements in 
the modified health assessment questionnaire after treat-
ment. We also found that old age was associated with less 
subclinical inflammation, which is different from pre-
vious reports [27, 28]. The reasons may be more gluco-
corticoid use in these group. Our results also indicated 
that smoking was associated with increased subclini-
cal inflammation, consistent with another clinical study 
which showed that smoking was associated with not 
being in remission [29]. Alcohol consumption was asso-
ciated with less subclinical inflammation, consistent with 
a previous clinical study which showed that alcohol may 
be protective against various kinds of arthritis [30].

Methotrexate is known to decrease RA activity, [31] as 
also shown by the subclinical inflammation of the cur-
rent study. We also found that glucocorticoid therapy was 
associated with lower subclinical inflammation. In agree-
ment, a previous clinical study showed that starting treat-
ment with high-dose glucocorticoids leads to a better 
clinical response within 3–6 months than starting with a 
lower dosage [32]. Importantly, we found that use of bio-
logical DMARDs can decrease subclinical inflammation 
risk by 40.9% (OR: 0.591). Therefore, combined clinical 
and US assessments appear effective in identification of 
individuals in remission who may be suitable for reduced 
doses of DMARDs, which may be associated with 
adverse effects. In other words, US could provide a safe 
method of monitoring RA patients for subclinical disease 
flare-ups [33]. So we hypothesized that a combination 

of PDUS and DAS28 evaluations for targeted therapy is 
recommended to avoid future disease flare-ups and joint 
destruction.

The study had some limitations. Given the cross-sec-
tional design of this study, heterogeneous study popula-
tion, and the incomplete information on treatment (i.e. 
no data on the treatment for comorbidity, no dose or 
duration), it is almost impossible to speculate the causal-
ity or underlying mechanism of the significant associa-
tions between subclinical inflammation and background 
variables identified by logistic regression. No anti-CCP or 
HAQ were recorded. The inclusion of patients with dif-
ferent treatment regimens is an important confounding 
factor. One third of the cohort was under treatment with 
biologics and nearly 16% of included patients has DAS 
based remission. So the analysis should be conducted 
after stratification based in the therapy scheme.

In conclusion, our study confirms the value of US for 
detecting the subclinical disease activity, which may per-
sist even after years of apparent clinical remission. US 
may be particularly helpful for identifying joints that 
have greater damage, and use of biological DMARDs can 
decrease subclinical inflammation risk.
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