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Abstract

Objectives: The evidence for treating rheumatoid arthritis (RA) with a treat-to-target (T2T)
approach was examined for clinical outcomes. Methods: Since August 2010, RA treatment
has implemented the T2T strategy, aiming to achieve a simplified disease activity index
(SDAI). The SDAI, Health Assessment Questionnaire Disability Index (HAQ), and pain
score (PS-VAS) were monitored. The relationships between these clinical outcomes and
variables, including changes in medication, were investigated. Results: Over a 15-year
follow-up of 764 RA patients, the total duration was divided into two periods for each
outcome. In the First period, the average dose of methotrexate (MTX) increased (p < 0.001).
At the same time, glucocorticoids use (GCs) decreased (p < 0.001), and biologic and tar-
geted synthetic disease-modifying anti-rheumatic drugs (hDMARDs and tsDMARDs) use
increased (p < 0.01). Consequently, the mean SDAI score declined (p < 0.001), which was
attributed to an increase in MTX dose and a decrease in GCs use, However, HAQ scores
increased (p < 0.01), and PS-VAS remain stable. In the Second period, the average MTX dose
decreased despite stable SDAI and decreasing HAQ scores and PS-VAS (p < 0.01), which
was attributed to an increase in the use of tsDMARDs, particularly baricitinib, upadaci-
tinib, and filgotinib (p < 0.01). Overall, the average age increased (p < 0.001), while SDAI
scores dropped (p < 0.001), and HAQ scores and PS-VAS decreased (p < 0.01). Conclusions:
Clinical outcomes stayed stable with changes in medication use under the T2T approach.

Keywords: biological; methotrexate; targeted synthetic; functional capacities; disease
activity; pain control

1. Introduction

In recent decades, the treatment of rheumatoid arthritis has seen significant ad-
vances [1-3]. Standardization of treatment approaches, driven by the development and
widespread adoption of molecularly targeted drugs, has yielded notable benefits, including
the prevention of comorbidities and the achievement of clinical remission as a treatment
goal [4-14]. It has been fifteen years since treat-to-target (T2T) was introduced for rheuma-
toid arthritis (RA) [15]. Today, clinicians can measure disease activity quantitatively, and
aiming for clinical remission has become standard practice, thereby expanding the knowl-
edge base. The core principles of T2T remain consistent, emphasizing shared decision-
making and regular monitoring of patients’ clinical indicators [15-19]. The T2T treatment
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strategy increases the clinical remission rate in RA patients, not only in the early stage but
also in the established stage in daily clinical practice [20].

The IORRA cohort study shows a significant decline in disease activity from 2000 to
2020, along with increased use of methotrexate (MTX) and biological disease-modifying
anti-theumatic drugs (hDMARDs). However, MTX prescription rates have plateaued,
indicating stagnation in efforts to improve disease control [21]. A similar pattern was
reported in a recent article. The article reported stagnation in disease activity control, in
line with a decrease in MTX dosage, in a registry of patients treated with biological and
targeted synthetic disease-modifying anti-rheumatic drugs (- DMARD and tsDMARD).
The authors concluded that declining renal function, due to patient aging, contributed to
this stagnation in MTX use [22]. These research results suggest that while T2T has made
tight control of disease activity more accessible, this is closely tied to the drug’s efficacy and
safety, and that drug prescriptions and dosages must be adjusted to match disease activity
and the patient’s condition or background factors.

Examining clinical outcomes and analyzing drug administration trends helps us
understand how we manage RA under the T2T strategy and clarify the relationship between
drug effectiveness in real-world clinical practice [23,24]. In this study, we reviewed trends
in disease activity, functional capacity, and quality of life, which may be associated with
clinical parameters, including drug use, in a single institute. This research aims to clarify
the evidence supporting RA treatment under the T2T strategy by analyzing RA clinical
indices and their monthly changes.

2. Materials and Methods

We began treating RA patients who met the ACR/EULAR 2010 classification crite-
ria [25] with a T2T strategy in August 2010 (baseline; BL). The core idea of our T2T approach
is to set treatment targets agreed upon by doctors, patients, and their families, and to choose
a treatment plan they can all support. The goal is to achieve clinical remission, as mea-
sured by indices such as the simplified disease activity index (SDAI) or clinical disease
activity index (CDAI), within six months. We monitor SDAI as an indicator of disease
activity, along with the Health Assessment Questionnaire Disability Index (HAQ), to assess
functional ability. These three measures have been tracked since baseline. At the same
time, pain scores using a visual analog scale (PS-VAS) have been recorded from BL. These
three parameters are designated as primary outcomes. The Euro-QOL 5-Dimension score
(EQ-5D), which reflects quality of life, has been measured since January 2016. The SDAI
remission rate (SDAI-RR) and the EQ-5D score are considered secondary outcomes. These
measures are collected at every consultation, which occurs routinely every one to three
months, depending on disease activity, or at appropriate times, such as when treatment
strategies are changed. Monthly averages for each outcome at the institute are calculated
from the monthly data.

2.1. Patient Recruitment

Patients with RA who were treated under the T2T strategy from the first consultation
and followed for at least one consecutive year were included in the study. Patients who
dropped out for any reason within one year of the first consultation were excluded. We
retrospectively collected patients’ clinical data from August 2010 to April 2025. Ethical
review approval was waived for this study by the Genyu Ethics Committee due to this
study guaranteeing patient anonymity, and is not a follow-up study of patients, but rather
a fol-low-up study of the facility. Informed consent was obtained from all subjects involved
in the study.
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2.2. Defining a Period

We defined phases as periods during which each monthly outcome follows the same
trend, driven by changes in that outcome. (1) When there is a consecutive series of
more than 6 months of increase or decrease in the monthly average compared with the
previous 6-month average, and this continues until the opposite trend occurs, the period
is considered one phase. (2) If there is no trend change as described in (1), and there
is a continuous series of plus or minus values for each outcome, calculated as the past
6-month average minus the next 6-month average, this period is also considered one phase
(Supplementary Figure S1).

2.3. Association Between Each Outcome and Clinical Parameter Evaluation

The six-month average value for each item, from the start to the end of the period, was
compared using a Mann-Whitney U test.

Statistical analyses evaluated associations between each monthly primary outcome
and variables such as average age, sex distribution, and drug-related factors, including
prescription rates and average doses of MTX (rMTX and dMTX), the average number
of prescriptions for conventional synthetic DMARDs (csDMARDs) other than MTX, and
administration rates of bDMARDs and tsDMARDs—separated into groups including
tofacitinib (rTOF as an administration rate) and other drugs such as baricitinib (BAR),
upadacitinib (UPA), and filgotinib (FIL) (rBUF as a summed administration rate). Analyses
were performed using a univariate linear regression model, followed by a multivariate
model to identify significant factors. Analyses were also conducted for each period for each
primary outcome and across periods for all primary and secondary outcomes.

2.4. Additional Analysis

We conducted a correlation analysis of potential confounding factors, including SDAI,
HAQ, and PS-VAS at the first consultation (SDAI@BL, HAQ@BL, and PS-VS@BL), the time
from RA onset to the first consultation (TLI), the number of comorbidities (N.Com), the
Charlson Comorbidity Index (CCI), and the primary outcomes. Monthly averages were
analyzed with linear regression for each outcome period.

We also examined relationships among various indices over the follow-up period,
including mean SDAI, HAQ, and PS-VAS values, their correlations, and medication fac-
tors such as rMTX, dMTX, csDMARD, bDMARD, rTOF, rBUF, and GCs. Additionally,
we explored the relationship between mean age and mean estimated glomerular filtra-
tion rate (eGFR) in the same month. All analyses were conducted using multivariate
linear regression.

2.5. Statistical Analysis

All statistical analyses were performed using StatPlus:mac® v7.8.11 (AnalystSoft Inc.,
Walnut, CA, USA). Statistical significance was set at p = 0.05.

3. Results

By August 2025, 34,293 measurements from 764 RA patients had been analyzed. At
baseline, the sex distribution was 15.2% male and 84.8% female. The mean age at the initial
measurement was 63.6 years; the mean SDAI score was 13.3; the mean HAQ score was
0.487; and the mean PS-VAS was 35.1. Patient characteristics are presented in Table 1.
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Table 1. Demographics of patients participating in the study.
Number (male: female) 764 (218:546)
age (years old) 63.6 (13.6)
disease duration (years) 5.8 (8.2)
anti-citrullinated polypeptide antibodies (U/L)  159.2 (420.1)
. . Sharp/van der Heijde score 41.3 (52.6)
at first consultation SDAI 133 (12.1)
HAQ 0.487 (0.615)
PS-VAS (mm) 35.1 (28.0)
EQ-5D 0.832 (0.159)
number of consultations 45.7
(minimum to maximum) (10~300)
Follow-up length (months) 69.8 (66.0)
during follow-up SDAI 5.7 (5.8)
HAQ 0.440 (0.571)
PS-VAS (mm) 27.3(19.3)
EQ-5D 0.844 (0.137)
SDAI-RR 0.46 (0.34)

Average value and standard deviation in parentheses when indicated. Abbreviations: SDAI, simplified disease
activity index; HAQ, Health Assessment Questionnaire Disability Index; PS-VAS, pain score using a visual analog
scale; EQ-5D, EuroQOL-5th dimension; SDAI-RR, SDAI remission rate.

The total duration can be divided into two periods for each outcome: SDAI The
First period is from August 2010 to November 2015; the Second is from December 2015 to
July 2025. HAQ); First period, from August 2010 to November 2018; Second period, from
December 2018 to July 2025. PS-VAS; First period, from August 2010 to November 2015;

Second period, from December 2015 to July 2025 (Figure 1).
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Figure 1. Monthly changes in clinical parameters. (a): Monthly changes in outcomes such as the SDAI
score, HAQ score, PS-VAS, SDAI-RR, and EQ-5D score. (b): Monthly changes in mean age, female
percentage, and eGFR. (c): Monthly fluctuations in drug-related variables, such as the prescription
rate of methotrexate (rMTX), the dose of MTX (dMTX), the average prescription rate of conventional
synthetic disease-modifying anti-rheumatic drugs (csDMARDs), the administration rates of biologic
DMARDs (bDMARD:s), targeted synthetic DMARDs (tsDMARDs), tofacitinib (rTOF), baricitinib,
upadacitinib, and filgotinib (rBUF), and the prescription rate of glucocorticoids (GCs).

3.1. SDAI Score
3.1.1. First Period

During this period, the mean SDAI score decreased significantly from
7.35 to 3.55 (p < 0.001) (Figure la). Mean age increased significantly from 66.5 to
71.0 years (p < 0.001), and the percentage of females decreased significantly from 84.8% to
80.9% (p < 0.001) (Figure 1b).

The rMTX remained relatively stable, decreasing from 78.9% to 77.3%, while the dMTX
increased notably from 7.87 to 9.46 mg/week (p < 0.001). The mean csDMARD prescription
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rate decreased from 94.0% to 72.9%; however, this change was not statistically significant
(p = 0.88). Conversely, the bPDMARD administration rate rose significantly from 22.7% to
26.3% (p < 0.001). The tsDMARD administration rate also increased significantly from 0%
to 4.5% (p < 0.001). Additionally, the GC administration rate declined significantly from
62.7% to 15.5% (p < 0.001) (Figure 1c). The drug administration rate trajectory by the action
is presented in Supplementary Figures 52 and S3.

In a univariate model, female percentage (positive; p < 0.001), mean age (negative;
p <0.001), dMTX (negative; p < 0.001), csDMARD (positive; p < 0.001), bDMARD (negative;
p <0.001), and GCs (positive; p < 0.001) were significantly correlated with the mean SDAI
score. In a multivariate model (R = 0.80), dMTX (negative; p < 0.01) and GCs (positive;
p < 0.001) remained significantly correlated (Table 2).

Table 2. Results of linear regression analysis of variables regarding SDAI during the First period.

SDAI
Univariate Multivariate
Variables © 5(5,)0%1) p-Value C.C p-Value
—0.63 —0.01
age (—0.85~—0.42) <0.001 (—0.11~0.08) 0.82
female 35.3 0.86
percentage (21.48~49.12) <0.001 (—3.45~5.16) 0.70
2.74
rMTX (—185-7.3%) 0.24
—148 —02
dMTX (170 1.16) <0.001 (—0.38—0.02) <0.05
10.44 1.75
py CSPMARD (7.23~13.65) <0.001 (—0.27~3.76) 0.09
—24.24 ~1.58
bDMARD (—33.38~—1510) 0001 (—4.56~1.39) 0.30
~10.37
tsDMARD (_2891.8.18) 0.25
~10.37
rTOF (—28.91~8.18) 0.25
rBUF - -
8.11 4.65
GCs (6.99~9.23) <0.001 (2.89~6.41) <0.001

Bold style presents a statistically significant correlation in both the univariate and multivariate models. Italic
style presents a negative correlation. Abbreviations: SDAI, simplified disease activity index; P1, the First
period (August 2010 to November 2015 for SDAI and PS-VAS, August 2010 to November 2018 for HAQ); rMTX,
monthly prescription rate of methotrexate; dMTX, average dose of methotrexate for prescription; csDMARD,
monthly prescription rate of conventional synthetic disease-modifying anti-rheumatic drug besides methotrexate;
bDMARD, monthly administration rate of biologic disease-modifying anti-rheumatic drug; tsDMARD, monthly
prescription rate of targeted synthetic disease-modifying anti-rheumatic drug; rTOF, monthly prescription rate of
tofacitinib; rBUF, monthly prescription rate of baricitinib, upadacitinib, and filgotinib; GCs, monthly prescription
rate of glucocorticoids; C.C.: correlation coefficients.

3.1.2. Second Period

During this period, the mean SDAI score remained stable, changing from 4.02 to 4.08
(p = 0.69) (Figure 1a).

During this period, the rMTX decreased significantly from 73.6% to 49.6% (p < 0.001),
and the dMTX decreased significantly from 8.97 to 7.83 mg/week (p < 0.001). Additionally,
the csDMARD decreased significantly from 73.6% to 60.4% (p < 0.05). The bDMARD
remained stable, changing from 30.4% to 30.2% (p < 0.01), and the tsDMARD adminis-
tration rate increased significantly from 4.5% to 21.3% (p < 0.001). Within the tsDMARD,
rTOF decreased from 2.8% to 1.7%. In contrast, rBUF rose significantly from 0% to 19.5%
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(p < 0.001). Conversely, the GC administration rate decreased significantly from 17.3% to
3.9% (p < 0.001) (Figure 1c).

During this period, GCs were the only significant variable showing a positive correla-
tion with the SDAI score (p < 0.05) in both univariate and multivariate models (Table 3).

Table 3. Results of linear regression analysis of variables regarding SDAI during the Second period.

SDAI
Univariate Multivariate
Variables © 5C%%I) p-Value C.C. p-Value
age (~003-012) 020
Ifaeel?caelr?tage (74.8(?;62.80) 073
TMIX (~080-2.33) 034
dMTX (—o.gél~7042) 017
csDMARD (_1.234?2.51) 0.63
P2 ,DMARD “ e " 0.17
tsDMARD (—1.2%432.06) 0.61
rTOF . 81(7)'3 66. 64) 0.84
rBUF (~106-2.09 052
GG 0475 005 a0

Bold style presents a statistically significant correlation in both the univariate and multivariate models. Ab-
breviations: SDAI, simplified disease activity index; P2, the Second period (December 2015 to July 2025 for
SDAI and PS-VAS, December 2018 to July 2025 for HAQ); rtMTX, monthly prescription rate of methotrexate;
dMTX, average dose of methotrexate for prescription; csDMARD, monthly prescription rate of conventional
synthetic disease-modifying anti-rheumatic drug besides methotrexate; bDMARD, monthly administration
rate of biologic disease-modifying anti-rheumatic drug; tsDMARD, monthly prescription rate of targeted syn-
thetic disease-modifying anti-rheumatic drug; rTOF, monthly prescription rate of tofacitinib; rBUF, monthly
prescription rate of baricitinib, upadacitinib, and filgotinib; GCs, monthly prescription rate of glucocorticoids;
C.C.: correlation coefficients.

3.2. HAQ Score
3.2.1. First Period

During this period, the mean HAQ score increased significantly from 0.346 to 0.512
(p < 0.001) (Figure 1a). Mean age increased significantly from 66.5 to 71.5 years (p < 0.001),
and the percentage of females decreased significantly from 84.8% to 75.8% (p < 0.001)
(Figure 1b). The rMTX decreased significantly from 78.9% to 69.2%, while the dMTX
increased notably from 7.87 to 8.52 mg/week (p < 0.001). The mean number of csDMARD
prescriptions decreased significantly from 94.0% to 70.0% (p < 0.05). Conversely, the
bDMARD administration rate increased significantly from 22.7% to 31.1% (p < 0.001). The
tsDMARD administration rate increased significantly from 0% to 6.2% (p < 0.001). Among
tsDMARDs, rTOF increased significantly from 0% to 3.3% (p < 0.001), and rBUF increased
significantly from 0% to 2.8% (p < 0.001). Additionally, the GC administration rate declined
significantly from 62.7% to 15.5% (p < 0.001) (Figure 1c).

Female percentage (negative; p < 0.001), mean age (positive; p < 0.001), rMTX (nega-
tive; p < 0.001), sDMARD (negative; p < 0.001), bDMARD (positive; p < 0.001), tsDMARD
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(positive; p < 0.001), rTOF (positive; p < 0.001), and rBUF (positive; p < 0.001) were sig-
nificantly correlated with the mean SDAI score. GCs (negative; p < 0.001) were also
significantly correlated with the HAQ score in a univariate model. Among these variables,
mean age (positive; p < 0.001), female percentage (negative; p < 0.05), bBDMARD (positive;
p <0.01), and rBUF (positive; p < 0.01) were significantly correlated in a multivariate model
(R =0.77) (Table 4).

Table 4. Results of linear regression analysis of variables regarding HAQ during the First period.

HAQ
Univariate Multivariate

Variables © 5(3,)0%1) p-Value © 5C°}0CC‘I) p-Value
age ©. 0(2)?3 04) <0.001 ©. ngg 03) <0.05
;?rncaelreltage iy 000 <o
rMIX ( 70.4_8(13770.26) <0.001 (—0._2(5)83.17) 069
dAMTX (—0.02002) 074

o csDMARD 0%%280' 30) <0.001 - 0%%52 " 0.51
bDMARD (0.93~1.44) <0.001 (0.03~1.049) <005
tsDMARD 0. 4(2)'? f 44) <0.001 - O‘gélfoﬂ) 0.55
rTOF (71._22;13‘8 6) 0.71
rBUF i ) 0.84
GCs Cosnay <0001 (—0.?5130.96) 034

Bold style presents a statistically significant correlation in both the univariate and multivariate models. Italic
style presents a negative correlation. Abbreviations: HAQ, Health Assessment Questionnaire Disability Index;
P1, the First period (August 2010 to November 2015 for SDAI and PS-VAS, August 2010 to November 2018 for
HAQ); rMTX, monthly prescription rate of methotrexate; dMTX, average dose of methotrexate for prescription;
csDMARD, monthly prescription rate of conventional synthetic disease-modifying anti-rheumatic drug besides
methotrexate; bPDMARD, monthly administration rate of biologic disease-modifying anti-rheumatic drug; tsD-
MARD, monthly prescription rate of targeted synthetic disease-modifying anti-rheumatic drug; rTOF, monthly
prescription rate of tofacitinib; rBUF, monthly prescription rate of baricitinib, upadacitinib, and filgotinib; GCs,
monthly prescription rate of glucocorticoids; C.C.: correlation coefficients.

3.2.2. Second Period

During this period, the mean HAQ score decreased significantly from 0.511 to 0.365
(p < 0.001) (Figure 1a).

The rMTX decreased significantly from 63.7% to 49.6% (p < 0.001), while the dMTX
decreased significantly from 8.25 to 7.83 mg/week (p < 0.001). Additionally, the csDMARD
decreased significantly from 69.6% to 60.4% (p < 0.05). The bDMARD remained stable,
changing from 30.8% to 30.2% (p < 0.01), and the tsDMARD administration rate increased
significantly from 7.0% to 22.5% (p < 0.001). Within the tsDMARD, rTOF decreased from
4.3% to 1.7%. In contrast, rBUF rose significantly from 4.5% to 19.5% (p < 0.001). Conversely,
the GC administration rate decreased significantly from 9.7% to 3.9% (p < 0.001) (Figure 1c).

In a univariate model, mean age (negative; p < 0.01), rtMTX (positive; p < 0.001),
tsDMARD (negative; p < 0.001), rTOF (positive; p < 0.01), rBUF (negative; p < 0.001), and
GCs (positive; p < 0.05) showed significant correlations with the mean SDAI score. Among
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these variables, only rBUF (negative; p < 0.001) remained significant in a multivariate model
(R =0.57) (Table 5).

Table 5. Results of linear regression analysis of variables regarding HAQ during the Second period.

HAQ
Univariate Multivariate
. C.C. C.C.
Variables (95%CI) p-Value (95%CI) p-Value
—0.02 0.00
age (—0.03~—0.01) <0.01 (—0.01~0.01) 0.67
female 0.02 0.92
percentage (—0.47~0.52) ’
0.37 ~0.03
rMTX (0.16~0.59) <0.001 (—0.30~0.24) 0.84
0.02
dMTX (—002-0.05) 0.33
0.03
csDMARD (—027-0.33) 0.85
2 DMARD —0.03 0.85
(—0.34~0.28) '
—0.52
tsDMARD "> o <0.001 - -
147 0.42
rTOF (0.44~2.50) <0.01 (—0.63~1.48) 043
—0.57 —0.52
rBUF (—0.76~—0.38) <0.001 (—0.79~—0.25) <0.001
0.39 0.03
GCs (0.07~0.70) <0.05 (—0.29~0.35) 0.84

Bold style presents a statistically significant correlation in both the univariate and multivariate models. Italic style
presents a negative correlation. Abbreviations: HAQ, Health Assessment Questionnaire Disability Index; P2, the
Second period (December 2015 to July 2025 for SDAI and PS-VAS, December 2018 to July 2025 for HAQ); rMTX,
monthly prescription rate of methotrexate; dMTX, average dose of methotrexate for prescription; csDMARD,
monthly prescription rate of conventional synthetic disease-modifying anti-rheumatic drug besides methotrexate;
bDMARD, monthly administration rate of biologic disease-modifying anti-rheumatic drug; tsDMARD, monthly
prescription rate of targeted synthetic disease-modifying anti-rheumatic drug; rTOF, monthly prescription rate of
tofacitinib; rBUF, monthly prescription rate of baricitinib, upadacitinib, and filgotinib; GCs, monthly prescription
rate of glucocorticoids; C.C.: correlation coefficients.

3.3. PS-VAS
3.3.1. First Period

During this period, the mean PS-VAS decreased significantly from 24.2 to 18.8
(p < 0.001). The other variables remained unchanged from the First period of the SDAI, as
the First period of the SDAI and the PS-VAS were identical (Figure 1a).

In a univariate model, female percentage (positive; p < 0.001), mean age (negative;
p < 0.01), dMTX (negative; p < 0.001), csDMARD (positive; p < 0.001), bDMARD (neg-
ative; p < 0.001), tsDMARD (= rTOF, negative; p < 0.001), and GCs (positive; p < 0.001)
showed significant correlations with the mean PS-VAS. In a multivariate model (R = 0.63),
dMTX (negative; p < 0.05) and tsDMARD (negative; p < 0.001) demonstrated significant
correlations (Table 6).

3.3.2. Second Period

During this period, the mean PS-VAS remained stable, changing from 4.02 to 4.08
(p = 0.69) (Figure 1a).

Mean age (negative; p < 0.001), rtMTX (positive; p < 0.001), dMTX (positive; p < 0.001),
¢sDMARD (positive; p < 0.05); bDMARD (negative; p < 0.05); tsDMARD (negative;
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p <0.001); in the tsDMARD, rTOF (positive; p < 0.001) and rBUF (negative; p < 0.001),
showed a significant correlation with the mean PS-VAS in a univariate model. Among
these variables, only rBUF (negative; p < 0.001) demonstrated a significant correlation using
a multivariate model (R = 0.58) (Table 7).

Table 6. Results of linear regression analysis of variables regarding PS-VAS during the First period.

PS-VAS
Univariate Multivariate
. C.C. C.C.
Variables (95%CI) p-Value (95%CI) p-Value
—0.88 0.18
age (—1.40~—0.37) <0.01 (—0.48-0.84) 0.59
female 68.25 36.39
percentage  (38.32~98.17) <0.001 (1.54~71.25) <0.05
175
rMTX (—11.49~7.98) 0.72
~1.95 —0.45
dMTX (—2.89~-1.02) <0.001 (—1.69~0.80) 047
14.8 1.30
py CSDMARD (6.91~22.68) <0.001 (—9.01~11.61) 0.80
~39.46 243
bDMARD 531~ _1g61) <0001 (—32.80~27.95) 0.87
3424
sDMARD o0 1) 0.23
3424
rTOF (—92.80~24.32) 0.23
rBUE - -
13.01 8.4
GCs (8.39~17.62) <0.001 (—1.64~18.52) 0.10

Bold style presents a statistically significant correlation in both the univariate and multivariate models. Ab-
breviations: PS-VAS, pain score using a visual analog scale; P1, the First period (August 2010 to November
2015 for SDAI and PS-VAS, August 2010 to November 2018 for HAQ); rMTX, monthly prescription rate of
methotrexate; dAMTX, average dose of methotrexate for prescription; csDMARD, monthly prescription rate of
conventional synthetic disease-modifying anti-rheumatic drug besides methotrexate; bDMARD, monthly admin-
istration rate of biologic disease-modifying anti-rheumatic drug; tsSDMARD, monthly prescription rate of targeted
synthetic disease-modifying anti-rheumatic drug; rTOF, monthly prescription rate of tofacitinib; rBUF, monthly
prescription rate of baricitinib, upadacitinib, and filgotinib; GCs, monthly prescription rate of glucocorticoids;
C.C.: correlation coefficients.

3.4. Overall Perspective

Compared from BL to the end of the follow-up periods, the SDAI score decreased
(p < 0.001), the HAQ score fluctuated but ultimately decreased (p < 0.05), PS-VAS decreased
(p < 0.001), the SDAI-RR increased (p < 0.001), and the EQ-5D score declined (p < 0.05) (Figure 1a).

Female percentage decreased (p < 0.001), mean age increased (p < 0.001) (Figure 1b),
rMTX and dMTX decreased (p < 0.001), csDMARD decreased (p < 0.001), bDMARD in-
creased (p < 0.001), and tsDMARD increased (p < 0.001); both rTOF and rBUF increased
(p <0.001), and GCs decreased (p < 0.001) (Figure 1c).

3.5. Correlation with the SDAI Score

Female percentage (positive; p < 0.001), mean age (negative; p < 0.001), tMTX (positive;
p < 0.001), dMTX (positive; p < 0.01), sDMARD (positive; p < 0.01), bDMARD (negative;
p <0.01), tsDMARD (negative; p < 0.001), rTOF (negative; p < 0.001), rBUF (negative;
p <0.001), and GCs (positive; p < 0.001) showed significant correlations with the mean
SDAI score in a univariate model. In the multivariate model (Table 2), AMTX (negative;
p <0.05), bDMARD (negative; p <0.01), rTOF (negative; p <0.01), rBUF (negative; p < 0.001),
and GCs (positive; p < 0.01) demonstrated significant correlations (Table 8).
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Table 7. Results of linear regression analysis of variables regarding PS-VAS during the Second period.

PS-VAS
Univariate Multivariate
. C.C. C.C.
Variables (95%CI) p-Value (95%CI) p-Value
—0.66 0.27
age (—1.01~—0.30) <0.001 (—0.18~0.72) 0.23
female 741
percentage (—9.98~24.80) 040
13.37 ~155
rMTX (7.96~18.77) <0.001 (—11.94~8.84) 0.77
1.91 0.20
dMTX (0.95~2.87) <0.001 (—0.97~1.37) 0.74
11.11 459
- csDMARD (0.38~21.84) <0.05 (—16.42~7.24) 044
~12.88 ~12.23
PDMARD 54 9. 1.48) <0.05 (—25.24~0.78) 0.07
—2297
SDMARD o ™7 gy <0001
62.88 ~9.28
rTOF (35.54~90.23) <0.001 (=50.16~31.61) 0.65
—20.59 —259
rBUF (—2632-—14.86) 0001 (373 1449 <0001
GCs 6.28 0.32

(—6.07~18.64)

Bold style presents a statistically significant correlation in both the univariate and multivariate models. Abbre-
viations: PS-VAS, pain score using a visual analog scale; P2, the Second period (December 2015 to July 2025
for SDAI and PS-VAS, December 2018 to July 2025 for HAQ); rMTX, monthly prescription rate of methotrexate;
dMTX, average dose of methotrexate for prescription; csDMARD, monthly prescription rate of conventional
synthetic disease-modifying anti-rheumatic drug besides methotrexate; bDMARD, monthly administration
rate of biologic disease-modifying anti-rheumatic drug; tsDMARD, monthly prescription rate of targeted syn-
thetic disease-modifying anti-rheumatic drug; rTOF, monthly prescription rate of tofacitinib; rBUF, monthly
prescription rate of baricitinib, upadacitinib, and filgotinib; GCs, monthly prescription rate of glucocorticoids;
C.C.: correlation coefficients.

3.6. Correlation with the HAQ Score

In a univariate model, dMTX (positive; p < 0.001), tsDMARD (negative; p < 0.001),
rTOF (positive; p < 0.001), rBUF (negative; p < 0.001), and GCs (positive; p < 0.05) showed
significant correlations with the mean SDAI score. In a multivariate model, rBUF (negative;
p <0.001) and GCs (negative; p < 0.001) showed significant correlations (Table 9).

3.7. Correlation with the PS-VAS

Mean age (negative; p < 0.01), bDMARD (negative; p < 0.01), tsDMARD (negative;
p < 0.001), rBUF (negative; p < 0.001), and GCs (positive; p < 0.001) showed significant
correlation with the mean SDAI score in a univariate model. In the multivariate model,
only rBUF (negative; p < 0.001) demonstrated significant correlation (Table 10).

3.8. Correlation with the SDAI-RR

In a univariate model, the SDAI-RR showed significant positive correlations with mean
age (p < 0.001), bDMARD (p < 0.001), tsDMARD (p < 0.001), rTOF (p < 0.001), and rBUF
(p < 0.001), and significant negative correlations with female percentage (p < 0.001), rMTX
(p <0.001), dMTX (p < 0.001), csDMARD (p < 0.001), and GCs (p < 0.001). In a multivariate
model, dMTX (positive; p < 0.05), csDMARD (negative; p < 0.01), rTOF (positive; p < 0.01),
and GCs (negative; p < 0.001) showed significant correlations (Table 11).
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Table 8. Results of linear regression analysis of variables regarding SDAI throughout the periods.

SDAI
Univariate Multivariate
Variables © 5(‘:%%1) p-Value © 5(;,}(%[) p-Value
age ( —0.475(13—80.31 ) <0.001 (—0.8§0~20.12) 0.76
}f)eficaellftage (13.8127;?;?()).85) <0.001 (73.86334.57) 088
rMTX . 0?)?2.1 6) <0.001 - 3__22‘? f3 6) 0.42
dMTX (0,12'33,59) <0.01 (—0.5_02?0.07) <0.05
e = L - L
bDMARD (— 16_.41;_ 10.80) <0.001 (_7.5_1;_ 1.14) <0.01
tsDMARD (1 o.;fff 6.79) <0.001 - -~
rTOF (—33_.8217;0—420.26) <0.001 (—19_.7172;3—34.88) <0.01
rBUF (— 9.1_13‘1_25. 13) <0.001 (— 6.2_0{'3_80. 55) <0.05
GCs (5.3gf)2.78) <0001 (1.1??2.98) <005

Bold style presents a statistically significant correlation in both the univariate and multivariate models. Italic
style presents a negative correlation. Abbreviations: SDAI, simplified disease activity index; rMTX, monthly
prescription rate of methotrexate; dMTX, average dose of methotrexate for prescription; csDMARD, monthly pre-
scription rate of conventional synthetic disease-modifying anti-rheumatic drug besides methotrexate; bDMARD,
monthly administration rate of biologic disease-modifying anti-rheumatic drug; tsDMARD, monthly prescription
rate of targeted synthetic disease-modifying anti-rheumatic drug; rTOF, monthly prescription rate of tofacitinib;
rBUF, monthly prescription rate of baricitinib, upadacitinib, and filgotinib; GCs, monthly prescription rate of
glucocorticoids; C.C.: correlation coefficients.

Table 9. Results of linear regression analysis of variables regarding HAQ throughout the periods.

HAQ
Univariate Multivariate
. C.C. C.C.
Variables ©95%CI) p-Value 95%CI) p-Value
0.00
age (—0.01~0.00) 0.61
female —0.06
percentage (—030~0.18) 0.64
0.06
tMTX (<001-013) 0.11
0.02 0.00
dMTX (0.01~0.04) <0.001 (~0.02~0.02) 083
Throughout c¢sDMARD —0.08 0.07
the periods (_0'36(;60'01)
bDMARD (£0.13-025) 0.54
—0.20
tsDMARD (—0.32—0.09) <0.001 - -
1.10 0.27
rTOF (0.69~1.50) <0.001 (—0.19~0.72) 0.24
—0.32 —0.61
rBUF (—0.44~—0.21) <0.001 (—0.78~—0.44) <0.001
—0.07 —0.24
GGs (—0.14~—0.01) <005 (—0.33~—0.16) <0.001

Bold style presents a statistically significant correlation in both the univariate and multivariate models. Italic style
presents a negative correlation. Abbreviations: HAQ, Health Assessment Questionnaire Disability Index; rMTX,
monthly prescription rate of methotrexate; dMTX, average dose of methotrexate for prescription; csDMARD,
monthly prescription rate of conventional synthetic disease-modifying anti-rheumatic drug besides methotrexate;
bDMARD, monthly administration rate of biologic disease-modifying anti-rheumatic drug; tsDMARD, monthly
prescription rate of targeted synthetic disease-modifying anti-rheumatic drug; rTOF, monthly prescription rate of
tofacitinib; rBUF, monthly prescription rate of baricitinib, upadacitinib, and filgotinib; GCs, monthly prescription
rate of glucocorticoids; C.C.: correlation coefficients.
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3.9. Correlation with the EQ-5D Score

In a univariate model, the mean EQ-5D score showed significant positive correla-
tions with female percentage (p < 0.05), rtMTX (p < 0.01), dMTX (p < 0.001), csDMARD
(p < 0.001), and rBUF (p < 0.05), and negative correlations with age (p < 0.05) and tsDMARD
(p <0.01). Among these, rMTX (positive; p < 0.05) and csDMARD (positive; p < 0.05)
showed significant correlations (Table 12).

3.10. Additional Analysis

During the First period, SDAI@BL, HAQ@BL, PS-VAS@BL, N.Com, and the CCI
showed significant negative correlations with the monthly average SDAI score, while TLI
showed a significant positive correlation in the univariate model. In the multivariate model,
HAQ@BL and PS-VAS@BL showed a significant positive correlation. During the Second
period, SDAI@BL, HAQ@BL, N.Com, and the CCI showed significant positive correlations
with SDAI in the univariate model; among these, SDAI@BL was the only factor to show a
significant positive correlation in the multivariate model (Table 13). The trajectories of the
factors and the SDAI score are shown in Supplementary Figure S4.

Table 10. Results of linear regression analysis of variables regarding PS-VAS throughout the periods.

PS-VAS
Univariate Multivariate
Variables (95(‘.:,)0%1) p-Value (95(3%%1) p-Value
age (—o.gfi?fo.lz) <0.01 (—5.7()%921.64) 0.12
}faeerilcfr?tage (—2.389.5)28.39) 0.13
TMIX (70.8.6(176.20) 0.05
dMTX (_ 0'_62'}8' 1) 0.73
3.47
bDMARD (71;.2222.95) <0.01 (718—.32.~3.98) 0.21
tsDMARD (_1;32);9201) <0.001 - -
1TOF (—16.248321.43) 079
rBUF (_1_7})16'34_6.83) <0.001 (_2_0_1733'32_ 551 <0001
GCs (0.4:;;157.86) <0.05 (—6;3;!926.66) 0.40

Bold style presents statistically significant correlation in both univariate and multivariate models. Abbreviations:
PS-VAS, pain score using a visual analog scale; rMTX, monthly prescription rate of methotrexate; dAMTX, average
dose of methotrexate for prescription; csDMARD, monthly prescription rate of conventional synthetic disease-
modifying anti-rheumatic drug besides methotrexate; bLDMARD, monthly administration rate of biologic disease-
modifying anti-rheumatic drug; tsDMARD, monthly prescription rate of targeted synthetic disease-modifying
anti-rheumatic drug; rTOF, monthly prescription rate of tofacitinib; rBUF, monthly prescription rate of baricitinib,
upadacitinib, and filgotinib; GCs, monthly prescription rate of glucocorticoids; C.C.: correlation coefficients.
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Table 11. Results of linear regression analysis of variables regarding SDAI-RR.
SDAI-RR
Univariate Multivariate
Variables © 5(‘:,/'((:51) p-Value C.C. p-Value
0.03 0.00
age (0.02~0.03) <0.001 (—0.01~0.00) 0.72
female —1.16 0.05
percentage (—1.42~—0.90) <0.001 (—0.26~0.36) 0.76
—0.33 0.15
MTX (=041 0.20) <0.001 (<016~0.32) 0.08
—0.02 0.02
dMTX (—0.04~—0.00) <0.05 (0.050~0.03) <0.05
—0.51 —0.20
Throughout ~ “SPMARD (—0.59~—0.44) <0.001 (—0.38-—0.01) <0.05
the periods 0.90 0.20
bDMARD 0:69-111) <0.001 (~0.05-044) 0.09
tsDMARD 0 4(3]'5’5 70) <0.001 - -
2.09 0.82
1TOF (1.61~2.57) <0.001 (0.27~1.36) <001
0.45 0.18
rBUF (0.30~0.59) <0.001 (—0.03~0.39) 0.09
—0.43 —0.27
GCs (—0.48~—0.38) <0.001 (—0.41~—0.12) <0.001

Bold style presents statistically significant correlation in both univariate and multivariate models. Italic style
presents negative correlation. Abbreviations: SDAI-RR, monthly remission rate in simplified disease activity
index; rMTX, monthly prescription rate of methotrexate; dMTX, average dose of methotrexate for prescription;
c¢sDMARD, monthly prescription rate of conventional synthetic disease-modifying anti-rheumatic drug besides
methotrexate; bLDMARD, monthly administration rate of biologic disease-modifying anti-rheumatic drug; tsD-
MARD, monthly prescription rate of targeted synthetic disease-modifying anti-rheumatic drug; rTOF, monthly
prescription rate of tofacitinib; rBUF, monthly prescription rate of baricitinib, upadacitinib, and filgotinib; GCs,
monthly prescription rate of glucocorticoids; C.C.: correlation coefficients.

Table 12. Results of linear regression analysis of variables regarding EQ-5D.

EQ-5D
Univariate Multivariate
. C.C. C.C.
Variables ©95%CI) p-Value 95%CI) p-Value
—0.00 —0.00
age (—0.01~—0.00) <0.05 (—0.01~0.00) 0.32
female 0.15 0.06
percentage (0.02~0.29) <0.05 (—0.08~0.21) 0.39
0.06 —0.04
rMTX (0.02~0.11) <001 (—0.12~0.05) 040
0.01 0.01
dMTX (0.01~0.02) <0.001 (0.00~0.02) <0.05
0.14 0.12
Throughout ~ ¢SDMARD (0.06~0.23) <0.001 (0.02~0.22) <0.05
the periods —0.06
bDMARD (—015-0.04) 023
—0.08
tsDMARD (—0.14~—0.02) <0.05 - -
0.15
+TOF (<0.08-0.38) 0.20
—0.06 0.02
rBUF (—0.11~—0.01) <0.05 (—0.07~0.10) 0.74
0.01
GCs (—0.09~0.10) 0.90

Bold style presents statistically significant correlation in both univariate and multivariate models. Italic style
presents negative correlation. Abbreviations: EQ-5D, Euro-QOL 5th-dimension score; rMTX, monthly prescription
rate of methotrexate; dMTX, average dose of methotrexate for prescription; csDMARD, monthly prescription
rate of conventional synthetic disease-modifying anti-rheumatic drug besides methotrexate; bDMARD, monthly
administration rate of biologic disease-modifying anti-rheumatic drug; tsDMARD, monthly prescription rate
of targeted synthetic disease-modifying anti-rheumatic drug; rTOF, monthly prescription rate of tofacitinib;
rBUF, monthly prescription rate of baricitinib, upadacitinib, and filgotinib; GCs, monthly prescription rate of
glucocorticoids; C.C.: correlation coefficients.
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Table 13. Correlation of monthly average SDAI score and possible confounding factors.
Univariate Multivariate
C.C. p-Value C.C. p-Value
SDAI@BL (— 0_6(()):52 0.52) <0.0001 (— 1_32?2 0.45) <0.001
HAQOBL (5o g <001 (oo <005
psvasepL o <o A <o
t?irirgt SHS (—0._2%?3.07) 0.30
TLI (o.s;fg.ss) <0.0001 (—0.?)50.50) 0.05
N.Com rehl1an OO (oo oy <0001
ccl ( —6._13!110,22) <0.05 (—02532.05) 0.19
SDAI@BL (0.3(;'58. 64) <0.0001 (O.ngg. 56) <0.0001
HAQEBL (ool 0001 0F 0
PS-VAS@BL 1_3%35 09) 0.84
th;esﬁg(énd SHS (Com-008 07
N.Com 0001 OB (Conecon 08
cc (0.32'?? 43 <o (—0.2530.89) 060

Bold style presents statistically significant correlation. Italic style presents a negative correlation. Abbreviation:
SDAI@BL, simplified disease activity index at the first consultation; HAQ@BL, Health Assessment Questionnaire
Disability Index at the first consultation; PS-VAS@BL, pain score using a visual analog scale at the first consultation;
SHS, Sharp/van der Heijde score; TLI, time length interval from onset to the first consultation; N.Com, number of
comorbidities; CCI, Charlson Comorbidity Index; C.C.: correlation coefficients.

During the First period, SDAI@BL, HAQ@BL, PS-VAS@BL, N.Com, and CCI showed
significant positive correlations with the monthly average HAQ score, while TLI showed
a significant negative correlation in the univariate model. In the multivariate model,
HAQ@BL, PS-VAS@BL, and N.Com showed a significant positive correlation, whereas
SDAI@BL showed a significant negative correlation. During the Second period, SHS,
TLI, and N.Com showed significant positive correlations with the HAQ score, whereas
SDAI@BL showed a significant negative correlation in the univariate model; among
these, TLI and N.Com showed a significant positive correlation in the multivariate model
(Table 14). The trajectories of the factors, the HAQ score, and the PS-VAS are shown in
Supplementary Figure S5.

During the First period, HAQ@BL, N.Com, and the CCI showed significant positive
correlations with the monthly average PS-VAS in the univariate model; among these, the
CCI was the only factor showing a significant positive correlation in the multivariate
model. During the Second period, HAQ@BL, PS-VAS@BL, and SHS showed significant
positive correlations with the monthly average PS-VAS in the univariate model; among
these, HAQ@BL and SHS showed significant positive correlations in the multivariate
model (Table 15).
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Table 14. Correlation of the monthly average HAQ score and possible confounding factors.
Univariate Multivariate
C.C. p-Value C.C. p-Value
SDAIGBL % <0.0001 - oty 05 <00001
HAQEBL 1101y <0001 %, <ooom
PS-VAS@BL (1.41-?11.81) <0-0001 (O.Igfg.%) <0.05
t?irirgt SHS (ose-0am O
T (038036 <0001 (—01)%9301) 0.09
N.Com (o.zgf;.%) <0.0001 (o.ogf(}.ls) <0-0001
ccl (1.6?245) <0.0001 (—03?'3(1).09) 0.26
SDAIGBL 0_8355 o 001 o.giofo.s g 088
HAQ@BL (— 0.(2)'03?0.79) 0.24
PS-VAS@BL 116 0.21
(—0.67~2.98)
th;esfif)%nd SHS (0.0(()){)(?.10) <0.05 (—o.gffo.m 0.25
TH (O.Bgilg.66) <0.0001 (0.1(1)5’(}.52) <0.01
N.Com (0.12223.41) <0.0001 (o.zgfg.szl) <0-0001
el (—0.2';21.32) 036

Bold style presents statistically significant correlation. Italic style presents a negative correlation. Abbreviation:
SDAI@BL, simplified disease activity index at the first consultation; HAQ@BL, Health Assessment Questionnaire
Disability Index at the first consultation; PS-VAS@BL, pain score using a visual analog scale at the first consultation;
SHS, Sharp/van der Heijde score; TLI, time length interval from onset to the first consultation; N.Com, number of
comorbidities; CCI, Charlson Comorbidity Index; C.C.: correlation coefficients.

Table 15. Correlation of monthly average PS-VAS and possible confounding factors.

Univariate Multivariate
C.C p-Value C.C. p-Value
SDAI@BL (— 0830}0 05) 0.56
HAQ@BL 005-034 OO Cowrosy O
PS-VAS@BL (— 027030 31) 0.57
[ M
N.Com (0.02;1;.15) <0-0001 (—O.?(.)(il().ll) 093
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Table 15. Cont.
0.93 1.06
ccl (0.63~1.24) <0.0001 (0.42~1.70) <0.01
0.05
SDAI@BL (0.14-024) 0.60
0.58 0.89
HAQ@BL 036081 <0.0001 (1362-1.16 <0.0001
1.27 —0.40
PSVASEBL (0:36-2.19) OO (C134-054) 040
the Second 0.05 0.12
period SHS (0.00~0.10) <0.05 (0.08~0.16) <0.0001
~0.00
L (—0.12~0.11) 0.94
0.01
N.Com (=0.06~0.08) 0.74
0.02
CCI (—0.45~0.49) 0.93

Bold style presents statistically significant correlation. Abbreviation: SDAI@BL, simplified disease activity index
at baseline; HAQ@BL, Health Assessment Questionnaire Disability Index at baseline; PS-VAS@BL, pain score
using a visual analog scale at baseline; SHS, Sharp/van der Heijde score; TL, time length from onset to baseline;
N.Com, number of comorbidities; CCI, Charlson Comorbidity Index; C.C.: correlation coefficients.

Throughout the period, SDAI showed a significant positive correlation with GCs
(p <0.001) and a significant negative correlation with rTOF (p < 0.01). HAQ was signif-
icantly negatively correlated with csDMARD (p < 0.05) and rBUF (p < 0.001). PS-VAS
also showed significant negative correlations with dAMTX (p < 0.01), rBUF (p < 0.001), and
GCs (p < 0.05). Significant positive interactions were observed between SDAI and PS-VAS
(p < 0.001) and between HAQ and PS-VAS (p < 0.01) (Table 16).

Table 16. Correlation of variables including outcomes using a multivariate linear regression analysis.

SDAI HAQ PS-VAS
c.C cC. cC.
(95%CD) p-Value (95%CD) p-Value (95%CD) p-Value
~0.00 0.00 0.04
age (~0.09~0.09) 0.96 (=0.00~0.01) 0.36 (—0.27~035) 0.78
female 1.97 —0.18 —8.54
percentage (—1.54~5.49) 0.27 (—0.48~0.11) 0.22 (—20.94~3.86) 0.18
SDAI 0.00 0.96 1.97 <0.001
(—0.01~0.01) : (1.53~2.42) -
0.05 10.01
HAQ (~1.76~1.85) 0.96 (3.83~16.20) <0.01
PS-VAS ©12-019 <0.001 (0.00-0.01) <001
0.26 0.09 —6.19
TMTX (—1.66~2.18) 0.79 (—0.08~0.25) 0.29 (~12.90-0.52) 0.07
~0.06 0.01 Yy
dMTX (~0.25-0.12) 0.50 (—0.00~0.03) 0.14 (—1.50~—0.24) <0.01
1.58 Z0.20 0.44
csDMARD (—0.51~3.68) 0.14 (—0.38~—0.03) <0.05 (—7.01~7.89) 091
~1.88 ~0.05 5,54
bDMARD (—4.55~0.79) 0167 (—0.27~0.18) 0.69 (—14.98-3.91) 0.25
Z9.61 0.16 6.60
rTOF (—15.77~—3.46) <0.01 (—0.38~0.69) 0.56 (—15.74~28.94) 0.56
1.81 —052 —18.85
rBUF (—0.94~4.55) 0.20 (—0.74~—0.30) <0.001 (—28.15~—9.56) <0.001
3.49 Z0.13 7.8
GCs (1.89~5.08) <0.001 (—0.27~0.02) 0.08 (—13.12~—1.44) <0.05

Bold style indicates a statistically significant correlation in both univariate and multivariate models. Italic
style indicates a negative correlation. Abbreviations: SDAI, simplified disease activity index; HAQ, Health
Assessment Questionnaire Disability Index; PS-VAS, pain score using a visual analog scale; c.c., correlation
coefficients; rMTX, prescription rate of methotrexate; dMTX, average dose of methotrexate; csDMARD, number of
prescriptions for conventional synthetic disease-modifying anti-rheumatic drugs besides methotrexate; bDMARD,
administration rate of biologic disease-modifying anti-rheumatic drugs; rTOF, administration rate of tofacitinib;
rBUF, administration rate of baricitinib, upadacitinib, and filgotinib; GCs, prescription rate of glucocorticoids;
C.C.: correlation coefficients.
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The average eGFR showed a significant negative correlation with the average age;
however, this strong correlation was present only during the Second period, not the
First (Figure 2).
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Figure 2. Relationships between the monthly average eGFR and mean age, separated by periods in
SDAI and over the entire follow-up period.

4. Discussion

Reviewing the trajectories of clinical outcomes and their relationship to drug adminis-
tration is important for evaluating the drug’s effectiveness [24]. To analyze the trend, we
used linear regression. Because the trend can be estimated using linear regression with
the number of months of follow-up as the independent variable and the outcome as the
dependent variable, we adopted this method, which may allow us to infer the monthly
trends for each indicator.

During the First period of SDAI, disease activity decreased immediately, leading to an
increase in SDAI-RR. These trends were also reflected in increased MTX use. Conversely,
bDMARD and tsDMARD administration rates steadily increased, while GC prescription
rates declined. Notably, MTX dose and GC prescription rate correlated strongly with the
SDAI score. However, the reduction in disease activity did not improve functional capacity,
resulting in a gradual increase in mean HAQ and PS-VAS scores during the synchronized
period. The gradual increases in the average HAQ score and PS-VAS are probably due to
confounding factors. The HAQ score and the PS-VAS were correlated, and these indicators
at the first consultation showed significant positive correlations. Furthermore, the number
of comorbidities significantly correlated with both indicators. The HAQ score is affected by
many factors, including age, disease activity, joint deformity, joint contracture, fatigue, and
pain [26]. In these, the strongest factor affecting the HAQ score is the baseline HAQ score.
The HAQ score moves linearly with the HAQ@BL during the First period (Supplementary
Figure S5). The N.Com followed the HAQ@BL as the second strongest factor. In contrast,
the N.Com showed a negative correlation with the SDAI score, as shown in Table 13.
Among the possible confounding factors, TLI would be a strong candidate for affecting the
SDAI score; however, no significant correlation is observed in the multivariate model in the
present study.
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However, the positive trend in SDAI during the First period was interrupted in the
Second. The average SDAI score increased, then stabilized or gradually declined. During
the Second period, the prescription rate for MTX and the average MTX dose decreased.
However, these changes were not significantly correlated with the average SDAI score.
Based on trends in the First period, it was expected that the SDAI score would rise and
SDAI-RR would decrease if the MTX prescription rate and dose declined. Instead, they
remained the same and then showed a gradual decline rather than a rise. One possible
reason is the increased use of bDMARDs and tsDMARDs. The rise in bDMARDs and
tsDMARDs offsets the decline in MTX prescriptions and doses.

As RA patients age, MTX use declines [22]. Renal decline is closely linked to aging.
The rising average age of patients likely leads to hesitation in prescribing MTX because
of concerns about worsening kidney function, as well as hesitation about non-steroidal
anti-inflammatory drug use [27-29]. However, while being elderly is a risk factor for
renal decline, aging alone does not necessarily cause decreased renal function. Recent
studies suggest that the risk of eGFR decline is minimized when disease activity remains
in remission [12], and reluctance to prescribe MTX can increase disease activity and, over
time, contribute to renal decline. In this study, eGFR remained stable until 2019; however,
a significant drop occurred afterward, despite the continued aging trend from the First
period through the follow-up periods.

Another possible reason for the decrease in dMTX is MTX-related lymphoproliferative
diseases (MTX-LPD). Since around 2014, Japanese institutions have published several
reports on MTX-LPD. Based on these reports and the general consensus at that year’s
academic conference, MTX-LPD associated with MTX treatment was believed to have
a higher incidence in Japanese populations than in Western populations [30-32]. This
may have led to hesitation in prescribing MTX. The prevalence of MTX-LPD is around
10% among MTX-receiving patients and correlates with age, dosage, and the length of
MTX use [33]. Among the patients who participated in this study, several patients were
diagnosed with MTX-LPD during this period. Since experiencing MTX-LPD, the dosage
and prescription rate of MTX gradually decreased.

The mean HAQ score increased gradually during the First period and decreased grad-
ually during the Second, with a corresponding change in PS-VAS, though the relationship
was not perfectly linear. The HAQ score negatively correlated with the average MTX
dosage and prescription rate, as well as the administration rates of tsDMARDs, specifi-
cally rBUF (baricitinib, upadacitinib, and filgotinib). Among these variables, rBUF was
the only significant factor in the multivariate model. This suggests that increased use of
bDMARDs and tsDMARDs cannot prevent the decline in functional abilities. If higher
MTX prescription rates and doses had continued under the practices of the First period,
functional abilities might have improved. The GC showed a positive correlation with the
HAQ score. Reducing the GC prescription rate would help maintain the HAQ score at a
low level.

In the Second period, the HAQ score is correlated with TLI and N.Com, as in the
First period. These findings are interesting, as they suggest that a longer time without
T2T deteriorates functional capacity in the RA patient, and that as comorbidity increases,
functional capacity also declines. The issue of comorbidities is more serious with advancing
age. However, N.Com showed a significant negative correlation with the SDAI score in the
First period. The reason for this phenomenon is still unclear.

The PS-VAS correlated significantly only with female gender in the First period.
Among the possible confounding factors, CCI demonstrated a significant correlation with
the PS-VAS. These results suggest that as long as MTX is administered and the MTX dose
is sufficient, the degree of pain depends on gender and the severity of the comorbidities.
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Whereas the PS-VAS also showed a negative correlation with the rBUF administration rate,
as reflected in the HAQ score during the Second period. This suggests that a shared factor
influences both the HAQ score and the PS-VAS. There is a significant direct correlation
between the HAQ score and the PS-VAS, and rBUF is a potentially strong factor affecting
these outcomes, although the relationship is not strictly linear.

The SDAI-RR showed significant positive correlations with the average MTX dose
and negative correlations with the average number of csDMARD prescriptions and the
GC prescription rate. Despite rising rates of bPDMARD and tsDMARD administration, the
SDAI-RR did not improve significantly over the entire period, even though these factors
reduced the SDAI score. However, the rTOF showed a significant positive correlation
with the remission rate, whereas GC administration had a substantial adverse effect on
achieving SDAI remission.

The mean EQ-5D score showed a significant positive correlation with MTX-related
variables and the csDMARD prescription rate. Increases in bDMARD and tsDMARD
administration did not significantly improve quality of life over the entire follow-up
period. This suggests that prescribing MTX and csDMARD may help enhance quality
of life. For patients who achieved clinical remission in Phase 1, quality of life may be
maintained at a good level. Throughout the follow-up period, all drug factors significantly
correlated with changes in the mean SDAI score, particularly the MTX dose and the use of
bDMARD:s and tsDMARDs, including tofacitinib, baricitinib, upadacitinib, and filgotinib,
which were associated with decreases in the SDAI score. In contrast, the prescription
rate of GCs was associated with higher SDAI scores. In addition, only the MTX dose, the
administration rate of tsDMARDs, and the prescription rate of GCs significantly affected the
HAQ score; specifically, the administration rates of baricitinib, upadacitinib, and filgotinib
were associated with lower HAQ scores. Because these drugs were administered only from
the end of the First period onward, there was no significant correlation with the HAQ score
during that period. However, the increased administration rate of these drugs significantly
contributed to downward trends in both the PS-VAS and the HAQ score. These findings
strongly suggest that the administration of these tsDMARDs helps improve HAQ and
contributes to reductions in the PS-VAS. The prescription rate of GCs also contributed to
reductions in the HAQ score but did not affect the PS-VAS. The mechanism underlying the
reduction in the HAQ score appears different from that of the tsDMARDs.

Overall, the T2T treatment strategy remains effective throughout the follow-up period.
The mean SDAI score remains low, indicating low disease activity, while the mean SDAI-
RR continues to increase, and the HAQ score has decreased. These changes may reflect a
reduction in the time to first consultation from RA onset (Supplementary Figure S5). This
interval continued to shorten during follow-up and showed a significant correlation with
the mean SDAI score, but not with the HAQ or EQ-5D scores. The decrease in time from
the first consultation to achieving the first clinical remission also helps maintain control of
disease activity and preserve functional abilities; however, it is associated with a decline
in quality of life. We cannot explain why this occurs. One possible reason is the relatively
short follow-up period for the EQ-5D score compared to the SDAI and HAQ scores. A
longer follow-up period would be necessary to properly assess its association.

The effectiveness of the T2T strategy is reflected in a higher probability of clinical remis-
sion [20]. The institute conducting this study is located in a rural area in Japan, and therefore
the average age of the patients is older than that of the other cohort study [20,21,34-38].
The MTX dosage was lower than that of the European cohort study. However, long-term
follow-up studies for more than ten years using a cohort design are very rare [34]. There-
fore, we believe our study is valuable because it examines long-term changes in patient
conditions and the corresponding shifts in drug selection. Japan is now the leading aging
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country in the world, and patients with RA are getting older year by year. Our study
population is very old, but it should not be a specific cohort in the near future.

This study has several strengths and limitations. Strengths include the following:
1. It adopts a longitudinal approach within a single institution. Trends in outcomes
and variables, including demographic and drug-related factors and their interactions, are
analyzed. 2. It reflects real-world clinical practice. Conducted at one medical facility and
not focused on a specific outcome, this study provides comprehensive results on long-
term outcomes, unlike double-blind trials. Limitations include as follows: 1. The patient
cohort is small compared with that of a large cohort study, which introduces a risk of
population bias. 2. This study is not a patient-observational study but a time-observational
study. Therefore, it does not describe the effectiveness of each drug, but outcome trends
can indicate potential tendencies. 3. This study does not consider socioeconomic factors
or educational background, which would affect medication trends. However, we are
convinced that a treatment trend exists in accordance with the patient’s transition in
background, and that the response to the transition is appropriate as long as it aligns with
the T2T strategy.

5. Conclusions

The association between the treatment trend in medication and changes in clinical
indices was investigated using monthly data from one institute. Targeting clinical remis-
sion yields good clinical results in controlling disease activity and maintaining functional
capacity, even as the patient’s clinical background changes. Adjustments in medication, in
response to the patient’s changes, can help maintain these clinical indices.
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tory of the clinical indicators; Figure S5: Trajectory of the clinical indicators; Figure S6: Associations
between the SDAI score, the SDAI-RR, and the 6-month average value in time length from onset to
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