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Background: Rheumatoid factor (RF) titer is known to be correlated to rheumatoid arthritis (RA) activity, but the ideal cut-off titer of
RF remains unclear. Here, the relationship between RF titer and RA activity was investigated in order to determine the ideal RF value
indicative of the risk of RA activity.

Methods: Clinical data from 2044 eligible patients were collected from the First Affiliated Hospital of Anhui Medical University
from February 2022 to October 2023. A restricted cubic spline (RCS) model was used to evaluate the relationship between RF titer and
RA activity.

Results: Data from a total of 2044 patients with RA were collected and analyzed. Multivariate logistic regression analysis revealed
that higher RF levels were significant predictors of the risk of RA activity calculated according to the disease activity score 28
(DAS28)-erythrocyte sedimentation rate (ESR) (OR = 2.020, 95% CI = 1.457-2.801, P < 0.001) and DAS28-C reactive protein (CRP)
(OR = 1.526, 95% CI = 1.092-2.131, P = 0.013), after the results were adjusted for potential covariates. The relationship between
log2RF and the risk of RA activity was non-linear in the RCS model (P < 0.05). The cutoff value of RF titers for determining the risk
of RA activity was 65.80 IU/mL. When RF exceeded the cutoff value, the risk of RA activity based on DAS28-ESR increased by
99.2% and the risk of RA activity based on DAS28-CRP increased by 62.8% (P < 0.001).

Conclusion: The risk of RA activity increased non-linearly with the continuous change in RF titer.

Keywords: rheumatoid factor, rheumatoid arthritis, restricted cubic spline, disease activity score 28, dose—effect analysis

Introduction
Rheumatoid arthritis (RA) is a chronic autoimmune disease associated with systemic inflammation and erosive and
symmetrical polyarthritis.' RA is more common in women and is predominantly in middle-aged individuals.? The
number of new cases of RA reported is increasing by years, and the mortality associated with RA is also elevating.***
Highly active RA results in the destruction of joints; in addition, RA is associated with systemic inflammation that may
involve other tissues and organs and result in extra-articular effects, such as secondary Sjogren’s syndrome,’ interstitial
pneumonia,® and rheumatoid nodules,’ that are associated with poor prognosis.®

Rheumatoid factors (RFs) are defined as autoantibodies that recognize the Fc fragments of other immunoglobulins.’
The most common RFs are IgM and IgA RFs that bind to the Fc fragment of IgG.’ RFs are clearly detectable and often
present in the early stages of RA, years before the clinical symptoms appear in some patients.'® The RF titer is
considered as a diagnostic and prognostic marker of RA. RF still has an irreplaceable value in the classification standard
of RA. The combination of RF and anti-cyclic citrullinated protein/peptide antibodies (ACPA) can improve the
diagnostic specificity of RA.'" In a Danish cohort study, healthy individuals with elevated RF levels had an increased
risk of developing RA disease.'? Studies have reported that high levels of RF have a good response to B cell-depleting
therapy.'® Moreover, RF is associated with the activity of RA.'"*'® A decrease in RF titers was found to be consistent
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with a decrease in activity in RA patients after treatment.'” However, until now, no researchers have explored the specific
relationship between RF titers and RA activity.

Restricted cubic spline (RCS) is a data analysis model that can combine continuous variables with outcomes. It can
reveal the influence of independent variables on outcome risk in the form of continuous curves, and it is an important
method to analyze the dose-response relationship between continuous variables and outcomes.'® At present, it has been
applied in many researches.'®*° This study sought to fill in this research gap by using the restricted cubic spline (RCS)
function to perform a dose—effect analysis and quantify the association of RF titer with RA activity.

Materials and Methods

Study Participants

The cross-sectional study recruited 2044 patients with RA, which was diagnosed and classified according to the 2010
criteria of the American College of Rheumatology and the European League Against Rheumatism (ACR-EULAR).*' The
patients were recruited between February 2022 and October 2023 from the First Affiliated Hospital of Anhui Medical
University. Potential participants were first screened for their eligibility by two rheumatologists, who interviewed and
assessed disease activity in the patients by calculating the disease activity score 28 (DAS28)-erythrocyte sedimentation
rate (ESR) (DAS28-ESR) and DAS28-C reactive protein (CRP).?> 2* Those with severe infections, severe trauma, and
other inflammatory and autoimmune diseases were excluded. The Ethics Committee of the Anhui Medical University
gave its approval for the study (Approval n0.20121090) and all processes were in accordance with the 1964 Declaration
of Helsinki.

Demographic and Clinical Data

Data on the following variables were obtained: sex, age, duration of RA, body mass index (BMI), presence of
hypertension and diabetes, history of cigarette smoking and consumption of drugs within the past 3 months, including
glucocorticoids (GCs), non-steroidal antiinflammatory drugs (NSAIDs), conventional synthetic disease-modifying anti-
rheumatic drugs (csDMARD:s), biological DMARDs (bDMARDs), and targeted synthetic DMARDs (tsDMARDs).

Laboratory Assessment

Standard laboratory tests were performed to measure ESR (mm/h), CRP (mg/l), RF (IU/mL), white blood cell count
(WBC, x10°/1), hemoglobin (HB, g/1), lymphocyte percentage (LY %), blood platelet count (BPC, x 10°/1), albumin (ALB,
g/1), alanine aminotransferase (ALT, U/l), aspartate aminotransferase (AST, U/l), blood urea nitrogen (BUN, mmol/l),
uric acid (UA, pmol/l), and creatinine (CR, umol/l). ESR was evaluated with the Wintrobe method, and the CRP level
was determined with a turbidimetric assay (BioSystems). RF (isotype IgM) was assayed with an automated turbidimetric
assay system (BioSystems), with the cut-off for RF detection set at 14 TU/mL.

Statistical Methods

SPSS 26.0 and R 4.4.0 were used to perform all the data analyses. Clinical variables were evaluated with descriptive
statistics. The Mann—Whitney U-test was employed to analyze non-parametric data, and the chi-square test, to analyze
frequencies. The RCS model was used to determine the non-linear relationship of RF titer with RA activity. The factors
that were significantly associated with the risk of RA activity were identified by univariate and unconditional multivariate
logistic regression analyses, with odds ratios (ORs) and 95% confidence intervals (Cls) used to describe the risk ratio.
A p-value <0.05 was assumed to indicate statistical significance.

Results

Characteristics of the Cohort

Of the 2044 participants with RA, 85.91% were female and 14.09% were male. The participants were divided into RF-
positive (RF > 14 TU/mL, n = 1792) and RF-negative (RF < 14 IU/mL, n = 252) groups. The groups showed significant
differences in duration of RA, BMI, DAS28-ESR, DAS28-CRP, use of NSAIDs and csDMARDs, number of affected
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joints (indicated by tenderness and swelling), ESR, CRP, WBC, LY%, and ALB (P < 0.05 for all). The detailed clinical
characteristics are presented in Table 1.

Logistic Regression Analysis of Factors Associated with the Risk of RA Activity
DAS28 greater than 3.2 was considered to indicate active RA, and DAS28 less than 3.2 was considered to indicate low
RA activity.”” According to the results of univariate logistic regression analysis, the following factors were identified as

Table | Characteristics of the Study Cohort (N = 2044)

ALL RF-negative RF-positive P-value
n=2044 n=252 n=1792
Gender 0.773
Male 288(14.09) 37 (14.68) 251(14.01)
Female 1756(85.91) 215 (85.32) 1541(85.99)
Age, years 53(45, 59) 54(42, 60) 53(45, 59) 0.667
Disease duration, years 5.0(1.5, 12.0) 3.6(1.0, 10.0) 5.3(1.5, 13.0) <0.001*
BMI, kg/m? 21.88(20.00, 24.03) | 22.45(20.59, 24.58) | 21.76(19.92, 23.94) | <0.001*
Hypertension 0.492
No 1694(82.88) 205(81.35) 1489(83.09)
Yes 350(17.12) 47(18.65) 303(16.91)
Diabetes 0.227
No 1958(95.79) 245(97.22) 1713(95.59)
Yes 86(4.21) 7(2.78) 79(4.41)
Smoke 0.370
No 1912(93.54) 239(94.84) 1673(93.36)
Yes 132(6.46) 13(5.16) 119(6.64)
DAS28-ESR 3.66(2.57, 5.12) 3.19(2.22, 4.46) 3.76(2.62, 5.22) <0.001*
DAS28-CRP 3.89(2.57, 5.79) 3.47(2.27, 5.07) 3.95(2.61, 5.87) 0.001*
Drugs
GCs 853(41.73) 106(42.06) 747(41.69) 0.909
NSAIDs 1040(50.88) 146(57.94) 894(49.89) 0.017%
csDMARDs 1648(80.63) 216(85.71) 1432(79.91) 0.029%*
bDMARDs 592(28.96) 86(34.13) 506(28.24) 0.054
tsDMARDs 287(14.04) 35(13.89) 252(14.06) 0.941
Swollen joints 1(0, 4) 0(0, 3) 1(0, 4) 0.003*
Tender joints 2(0, 6) 1(0, 5) 2(0, 7) 0.002%*
ESR 25(12, 48) 18(9, 34) 27(13, 50) <0.001*
CRP 4.49(1.20, 18.17) 2.86(0.90, 15.00) 4.79(1.24, 18.26) 0.014*
WBC 6.17(4.94, 7.58) 5.91(4.70, 7.28) 6.19(4.98, 7.62) 0.015%
HB 122(111, 131) 123(113, 132) 122(111, 130) 0.225
LY% 27.50(21.10, 34.60) | 29.25(23.06, 36.88) | 27.20(20.91, 34.28) | 0.005*
BPC 229(178, 279) 221(170, 271) 230(179, 281) 0.115
ALB 43.4(40.0, 46.30) 44.3(41.1, 46.7) 43.3(39.7, 46.2) 0.002%*
ALT 16(11, 23) 17(12, 24) 16(11, 23) 0.150
AST 20(16, 25) 19(16, 25) 20(16, 25) 0.841
BUN 4.9(4.0, 5.9) 5.1(4.0, 6.0) 4.9(4.0, 5.9) 0.128
UA 251.5(211.0,283.0) | 251.5(213.5,288.8) | 251.5(211.0, 282.0) 0.497
Cr 56(49, 64) 57(50, 66) 56(48, 64) 0.069

Note: *P<0.05.

Abbreviations: RF, rheumatoid factor; BMI, body mass index; DAS28, disease activity score 28; ESR, erythrocyte
sedimentation rate; CRP, C reactive protein; GS, glucocorticoids; NSAIDs, non-steroidal antiinflammatory drugs;
csDMARDs, conventional = synthetic disease-modifying antirheumatic drugs; bDMARDs, biological DMARDs;
tsDMARDs, targeted synthetic DMARDs; WBC, white blood cell; HB, hemoglobin; LY%, lymphocyte percentage; BPC,
blood platelet count; ALB, albumin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BUN, blood urea
nitrogen; UA, uric acid; CR, creatinine.
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significant predictors of the risk of RA activity according to DAS28-ESR: sex; age; duration of RA; diabetes; use of GCs,
NSAIDs, csDMARDs, bDMARDs, and tsDMARDs; WBC; HB; LY%; BPC; ALB; ALT;, AST, and RF. Further, the
following variables emerged as significant predictors of the risk of RA activity assessed by DAS28-CRP: age; duration of
RA; use of GCs, NSAIDs, csDMARDs, bDMARDs, and tsDMARDs; WBC count; HB, LY%, BPC, ALB, AST, Cr, UA,
and RF (Table 2).

The variables identified in the univariate analysis were entered into the multivariate logistic regression model to determine
which ones were independently related with the risk of RA activity. As shown in Table 3, the use of csDMARDs, bDMARDs
and tsDMARDs; WBC count, LY%; HB; BPC; ALB; and RF titers were identified as being independently associated with the
risk of RA activity according to DAS28. In addition, age was an independent predictor of the risk of RA activity according to
DAS28-ESR, and duration of RA was an independent predictor of the risk of RA activity according to DAS28-CRP.

Sensitivity Analysis

The RF titer was transformed from a continuity variable to a quartile categorical variable. As can be seen from Table 4,
the risk of RA activity determined by DAS28-ESR for the lowest category of RF was 1.117 in the crude model, and it
increased to 2.457 and 3.619 for the median and highest category, respectively. In the adjusted model, its value was 1.088
for the lowest category and increased to 1.904 and 2.020 in the median and highest category, respectively. The risk of RA
activity assessed by DAS28-CRP for the lowest category of RF was 0.978 in the crude model and increased to 2.199 and

Table 2 Univariate Logistic Regression Analysis of Significant Factors Associated with
the Risk of RA Activity

Character DAS28-ESR DAS28-CRP
OR(95% Cl) | P-value | OR(95% Cl) | P-value
Gender(Female) 1.411(1.099, 1.812) | 0.007* | 0.989(0.765, 1.279) | 0.934
Age 1.017(1.010, 1.025) | <0.001* | 1.015(1.007, 1.022) | <0.001*
Disease duration, years | 1.017(1.006, 1.028) | 0.002% | 1.022(1.011, 1.034) | <0.001*
BMI, kg/m® 0.999(0.980, 1.018) | 0.898 | 0.999(0.979, 1.018) | 0.880
Hypertension(Yes) 1.249(0.984, 1.585) | 0.068 | 1.233(0.968, 1.571) | 0.090
Diabetes(Yes) 1.707(1.063, 2.743) | 0.027% | 1.267(0.800, 2.007) | 0.314
Smoke(Yes) 0.735(0.516, 1.047) | 0088 | 1.064(0.738, 1.535) | 0.740
GCs(Yes) 1.644(1.370, 1.972) | <0.001* | 1.777(1.475, 2.140) | <0.001*
NSAIDs(Yes) 0.823(0.796, 0.851) | <0.001* | 0.330(0.274, 0.398) | <0.00I*
csDMARDs(Yes) 0.141(0.102, 0.195) | <0.001* | 0.137(0.097, 0.193) | <0.001*
bDMARDs(Yes) 0.364(0.299, 0.443) | <0.001* | 0.368(0.302, 0.448) | <0.00I*
tsDMARDs(Yes) 0.309(0.238, 0.402) | <0.001* | 0.271(0.209, 0.352) | <0.001*
WBC 1.202(1.149, 1.257) | <0.001* | 1.244(1.186, 1.305) | <0.001*
HB 0.951(0.944, 0.958) | <0.001* | 0.960(0.954, 0.967) | <0.00I*
LY% 0.961(0.953, 0.970) | <0.001* | 0.954(0.945, 0.962) | <0.00I*
BPC 1.007(1.005, 1.008) | <0.001* | 1.007(1.005, 1.008) | <0.001*
ALB 0.799(0.779, 0.821) | <0.001* | 1.007(1.005, 1.008) | <0.00I*
ALT 0.993(0.989, 0.998) | 0.002* | 0.996(0.992, 1.000) | 0.055
AST 0.991(0.985, 0.997) | 0.002* | 0.991(0.985, 0.997) | 0.002*
BUN 0.996(0.982, 1.009) | 0514 | 1.340(0.988, 1.818) | 0.060
Cr 0.998(0.995, 1.002) | 0355 | 2.540(1.850, 3.488) | <0.001*
UA 1.000(0.999, 1.001) | 0737 | 0.695(0.546, 0.886) | 0.003*
RF 1.003(1.002, 1.004) | <0.001* | 1.002(1.002, 1.003) | <0.001*

Note: *P<0.05.

Abbreviations: RA, rheumatoid arthritis; RF, rheumatoid factor; BMI, body mass index; DAS28, disease
activity score 28; ESR, erythrocyte sedimentation rate; CRP, C reactive protein; GS, glucocorticoids; NSAIDs,
non-steroidal antiinflammatory drugs; csDMARDs, conventional synthetic disease-modifying antirheumatic
drugs; bDMARDs, biological DMARDs; tsDMARD:s, targeted synthetic DMARDs; WBC, white blood cell;
HB, hemoglobin; LY%, lymphocyte percentage; BPC, blood platelet count; ALB, albumin; ALT, alanine
aminotransferase; AST, aspartate aminotransferase; BUN, blood urea nitrogen; UA, uric acid; CR, creatinine.
OR, odds ratio; Cl, confidence interval.
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Table 3 Multivariate Logistic Regression Analysis of Independent Factors Associated with
the Risk of RA Activity

Character DAS28-ESR DAS28-CRP
OR(95% CI) P-value OR(95% CI) P-value
Gender(Female) 1.256(0.879, 1.794) 0.210 / /
Age 1.012 (1.002, 1.022) 0.014%* 1.003(0.993, 1.012) 0.587
Disease duration, years 1.010(0.997, 1.024) 0.143 1.021(1.007, 1.035) 0.004*
Diabetes(Yes) 1.303(0.724, 2.345) 0.377 / /
GCs(Yes) 1.185(0.914, 1.536) 0.199 1.266(0.974, 1.645) 0.078
NSAIDs(Yes) 0.868(0.671, 1.124) 0.284 0.926(0.712, 1.204) 0.564
csDMARDs(Yes) 0.221(0.146, 0.334) <0.001* 0.222(0.144, 0.343) <0.001*
bDMARDs(Yes) 0.576(0.441, 0.752) <0.001* 0.582(0.445, 0.761) <0.001*
tsDMARDs(Yes) 0.380(0.276, 0.525) <0.001* 0.301(0.217, 0.416) <0.001*
WBC 1.073(1.013, 1.137) 0.017%* 1.075(1.013, 1.141) 0.018*
LY% 0.983(0.973, 0.994) 0.002%* 0.972(0.961, 0.982) <0.001*
HB 0.967(0.958, 0.976) <0.001* 0.980(0.972, 0.988) <0.001*
BPC 1.005(1.003, 1.007) <0.001* 1.005(1.003, 1.007) <0.001*
ALB 0.890(0.862, 0.918) <0.001* 0.861(0.833, 0.890) <0.001*
ALT 0.999(0.992, 1.007) 0.832 / /
AST 0.998(0.988, 1.009) 0.775 0.998(0.991, 1.005) 0.544
Cr / / 1.000(0.995, 1.006) 0.891
UA / / 1.001(0.999, 1.002) 0.456
RF 1.002(1.001, 1.002) <0.001* 1.001(1.000, 1.002) 0.016*

Note: *P<0.05.

Abbreviations: RA, rheumatoid arthritis; RF, rheumatoid factor; DAS28, disease activity score 28; ESR, erythrocyte
sedimentation rate; CRP, C reactive protein; GS, glucocorticoids; NSAIDs, non-steroidal antiinflammatory drugs;
csDMARDs, conventional synthetic disease-modifying antirheumatic drugs; bDMARDs, biological DMARDs;
tsDMARDs, targeted synthetic DMARDs; WBC, white blood cell; HB, hemoglobin; LY%, lymphocyte percentage;
BPC, blood platelet count; ALB, albumin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; UA, uric acid;
CR, creatinine. OR, odds ratio; Cl, confidence interval.

Table 4 Logistic Regression Analyses of the Correlation Between RF and the Risk of RA Activity

RF titre quart-iles Univariate analysis Adjust model
DAS28-ESR DAS28-CRP DAS28-ESR* DAS28-CRP®
OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value
Ql ref <0.001 ref <0.001 ref <0.001 ref <0.001
Q2 1.117(0.884, 1.411) 0.354 0.978(0.774, 1.236) 0.852 1.088(0.822, 1.440) 0.554 0.880(0.664, 1.167) 0.374
Q3 2.457(1.908, 3.164) <0.001 2.199(1.702, 2.841) <0.001 1.904(1.405, 2.580) <0.001 1.519(1.115, 2.070) 0.008
Q4 3.619(2.751, 4.762) <0.001 3.096(2.346, 4.087) <0.001 2.020(1.457, 2.801) <0.001 1.526(1.092, 2.131) 0.013

Notes: *The model was adjusted for age; use of csDMARDs, bDMARDs, and tsDMARDs; WBC count; LY%; HB; BPC; and ALB. ®The model was adjusted for duration of
RA; use of csDMARDs, bDMARDs, and tsDMARDs; WBC count; LY%; HB; BPC; and ALB.

Abbreviations: RA, rheumatoid arthritis; RF, rheumatoid factor; DAS28, disease activity score 28; ESR, erythrocyte sedimentation rate; CRP, C reactive protein;
csDMARD:s, conventional synthetic disease-modifying antirheumatic drugs; bDMARDs, biological DMARDs; tsDMARD:s, targeted synthetic DMARDs; WBC, white blood
cell; HB, hemoglobin; LY%, lymphocyte percentage; BPC, blood platelet count; ALB, albumin; OR, odds ratio; Cl, confidence interval.

3.096 for the median and highest category, respectively. In the adjusted model, it was 0.880 for the lowest category of RF
and increased to 1.519 and 1.526 for the median and highest category, respectively.

Non-Linear Relationship Between RF Titers and RA Activity

Considering the skewed distribution of RF titers (Figure 1A), the values was log2-transformed for RCS analysis
(Figure 1B). When the RCS function was used with 3 knots, a non-linear association between RF titers and RA activity
was observed in the crude and adjusted models (Figures 2 and 3) (P < 0.05). In addition, a threshold effect was noted at
a log2RF value of 6.04 (RF = 65.80 IU/mL). That is, when RF was less than 65.80 IU/mL, the risk of RA activity was
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Figure | Distribution of RF titers. The figures show the distribution of (A) crude and (B) log2-transformed RF titers.
Abbreviation: RF, rheumatoid factor.

RCS
A

log2RF=6.04

OR(95%CI)
o

-4 0 4 8

RCS

1
1
1
]
7.51 :
1
1
— ]
o | log2RF=6.04
X 504 |
e 1
2 i
14 i
O 1
]
2.5 :
1
1
1
0.0 . . L :
=4 0 < 8

log2RF

Figure 2 Association of RF titers with RA activity in the crude model. (A) Association of RF titers with RA activity according to DAS28-ESR. (B) Association of RF titers
with RA activity according to DAS28-CRP.

Abbreviations: RA, rheumatoid arthritis; RF, rheumatoid factor; DAS28, disease activity score 28; ESR, erythrocyte sedimentation rate; CRP, C reactive protein; OR, odds
ratio; Cl, confidence interval.
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Figure 3 Association of RF titers with RA activity in the adjusted model. (A) Association of RF titers with RA activity according to DAS28-ESR. (B) Association of RF titers
with RA activity according to DAS28-CRP.

Abbreviations: RA, rheumatoid arthritis; RF, rheumatoid factor; DAS28, disease activity score 28; ESR, erythrocyte sedimentation rate; CRP, C reactive protein; OR, odds
ratio; Cl, confidence interval.

almost unaffected or even reduced, but when RF was greater than 65.80 IU/mL, there was a rapid rise in the risk of RA
activity.

RF titers were classified according to the cutoff value of 65.80 IU/mL. In the adjusted model, when RF exceeded the
cutoff value, the risk of RA activity assessed by DAS28-ESR increased by 99.2% and the risk of RA activity assessed
DAS28-CRP increased by 62.8% (Table 5 and Figure 4).

Discussion

The present study demonstrates a significant, non-linear relationship between RF titer and RA activity in patients with
RA after adjusting for all covariates. In addition, based on the data, we found that an RF cutoff of 65.80 IU/mL could be
used to determine the risk of RA activity. In the adjusted model, when the RF value was greater than 65.80 IU/mL, there
was a 99.2% increase in the risk of RA activity based on DAS28-ESR and a 62.8% increase in the risk of RA activity
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Table 5 Relationship Between RF Levels and the Risk of RA Activity Stratified Based
on a Cutoff Value of 65.80 IU/MI

Character DAS28-ESR DAS28-CRP
OR(95% CI) P-value OR(95% CI) P-value
Age 1.016 (1.006, 1.025) | 0.001* / /
Disease duration, years / / 1.024(1.010, 1.038) | 0.001*
csDMARDs(Yes) 0.232(0.158, 0.339) | <0.001* | 0.231(0.155, 0.346) | <0.001*
bDMARDs(Yes) 0.547(0.422, 0.709) | <0.001* | 0.579(0.446, 0.752) | <0.001*
tsDMARDs(Yes) 0.369(0.267, 0.509) | <0.001* | 0.299(0.216, 0.412) | <0.001*
WBC 1.091(1.030, 1.155) | 0.003* | 1.099(1.035, I.166) | 0.002*
LY% 0.984(0.973, 0.994) | 0.003* | 0.971(0.961, 0.982) | <0.001*
HB 0.964(0.956, 0.972) | <0.001* | 0.980(0.972, 0.988) | <0.001*
BPC 1.005(1.003, 1.006) | <0.001* | 1.005(1.003, 1.007) | <0.001*
ALB 0.892(0.865, 0.920) | <0.001* | 0.857(0.830, 0.885) | <0.001*
RF(>65.80 1U/mL) 1.992 (1.598, 2.484) | <0.001* | 1.628(1.301, 2.037) | <0.001*

Note: *P<0.05.

Abbreviations: RA, rheumatoid arthritis; RF, rheumatoid factor; DAS28, disease activity score 28; ESR,
erythrocyte sedimentation rate; CRP, C reactive protein; csDMARDs, conventional synthetic disease-
modifying antirheumatic drugs; bDMARDs, biological DMARDs; tsDMARDs, targeted synthetic DMARDs;
WBC, white blood cell; HB, hemoglobin; LY%, lymphocyte percentage; BPC, blood platelet count; ALB,
albumin; OR, odds ratio; Cl, confidence interval.

based on DAS28-CRP. In line with this observation, it has previously been reported that assessing RA activity with
DAS28-CRP leads to significant underestimation of disease activity in comparison with assessing RA activity based on
DAS28-ESR.**?7

As early as the 1980s, studies have found that RF positivity, especially high RF titers, is associated with a higher
degree of inflammation in patients with RA.*®*’ Further, fluctuations in RF levels are considered biomarkers of disease
activity and treatment responsiveness in patients with RA.**% However, there is limited analysis of the continuous
changes in RF titers with RA activity. Most studies analyze RF as a categorical variable and classify patients based on RF
positivity or quartiles.*'**> For example, high RF levels (>156.4 IU/mL) were found to be predictive of the develop-
ment of refractory RA.*® Further, a systematic review found that RF was correlated to bone erosion in RA as determined

A RF(>65.80 IU/ml) ; —_— B RF(>65.80 IU/ml) : —_—
ALBH - ALBH -
BPC - BPC
HB-| HB| l
LY% LY%
WBC| - WBC-| .
tsDMARDs(Yes) —— : tsDMARDs(Yes) 4
bDMARDs(Yes) - —— bDMARDs(Yes) ——
csDMARDs(Yes) - +— csDMARDs(Yes)q  +~—
Age .. Disease duration, years —| h
T T T T T 1 T T T T T 1
0.0 0.5 1.0 15 2.0 25 3.0 0.0 0.5 1.0 L5 20 2.5 3.0
Odds ratio (95% CI) Odds ratio (95% CI)

Figure 4 Risk of RA activity based on an RF cutoff value of 65.80 IU/mL in the adjusted model. (A) Risk of RA activity assessed by DAS28-ESR. (B) Risk of RA activity
assessed by DAS28-CRP.

Abbreviations: RA, rheumatoid arthritis; RF, rheumatoid factor; DAS28, disease activity score 28; ESR, erythrocyte sedimentation rate; CRP, C reactive protein;
csDMARDs, conventional synthetic disease-modifying antirheumatic drugs; bDMARDs, biological DMARDs; tsDMARDs, targeted synthetic DMARDs; WBC, white blood
cell; HB, hemoglobin; LY%, lymphocyte percentage; BPC, blood platelet count; ALB, albumin; Cl, confidence interval.
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by ultrasound observation.>” However, these approaches to classifying RF could mask important clinical features or
prognostic outcomes.

This study seeks to overcome the limitation of previous studies by exploring the dose-effect relationship between RF
titers and RA activity. To this end, we used the RCS function, which is a useful tool for analyzing dose-effect
associations between successive exposures and outcomes.”®*** We also conducted logistic regression analyses and
adjusted for other covariables to improve the accuracy and reliability of the results. Moreover, the non-linear relationship
was explored by RCS and smooth curve fitting, and the critical point was at which RF value was indicative of RA
activity risk was also calculated. Our threshold RF value of 65.80IU/mL may be low compared to other literature,*®
possibly due to the different materials used to measure RF in different laboratories, furthermore, the range of RF normal
value in our lab is no more than 14 IU/mL, and it is necessary to establish a uniform standard."'

Another important finding of the study was the identification of factors that influence RA activity. The results show
that the use of csDMARDs, bDMARDs and tsDMARDs; WBC; LY%; HB; BPC; and ALB were associated with RA
activity assessed with DAS28. This is consistent with previous research reports.>”*' ™7 In addition, age was associated
with DAS28-ESR, and duration of RA was associated with DAS28-CRP. This difference might be attributable to
differences in the reference indicators. That is, ESR is an indicator of disease activity in recent weeks and is affected
by sex, age, anemia, and other factors,*® while CRP is indicative of a shorter inflammatory response time.**

A major limitation of the present study is its cross-sectional design, as a result of which it is difficult to establish
a causal link between RF and RA activity. Moreover, while the regression model was adjusted for some variables, we
could not account for covariables for which data were not collected or were unavailable. This is another limitation to be
considered when interpreting the study findings. Finally, some research variables from the questionnaires and self-reports
may be biased. Given these limits, more research needs to be conducted to verify the present observations. Nonetheless,
we believe that this study serves as a critical reference point for future research on the subject.

Conclusion

This is the first study to elucidate the non-linear significant relationship between the risk of RA activity and RF titers. The
results show that the risk of RA activity increased non-linearly along with the continuous change in RF titers. Thus, RF
may be useful as a clinical marker of inflammation and risk of RA activity in patients with RA. Given its low cost and
simplicity of measurement, we believe that RF as a predictor of RA disease activity might have immense clinical
potential and impact in terms of providing meaningful data for timely intervention and treatment of RA.
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