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Purpose: Rheumatoid arthritis (RA) is a systemic inflammatory disorder with unknown etiology. Oxidative stress and immune
imbalance play a critical role in the pathogenesis of rheumatoid arthritis. Bilirubin has recently been recognized as a potent antioxidant
as well as an immunomodulatory agent of physiological importance. The aim of this study was to explore whether increased bilirubin
concentrations are correlated with good clinical prognosis of rheumatoid arthritis.

Patients and Methods: In this cross-sectional study, we included 197 healthy individuals and 197 RA patients in the Affiliated
Hospital of North Sichuan Medical College from October 2020 to February 2022. The latter were classified into three classes of
disease activity according to DAS28-ESR: remission and low (DAS28-ESR<3.2), moderate (3.2<DAS28-ESR<5.1), and high
(DAS28ESR>5.1). Based on the clinical and laboratory data, we evaluated the association of bilirubin levels with disease activity
in RA using multivariable ordered logistic regression.

Results: The levels of total bilirubin and total bilirubin/albumin ratio were significantly lower (P < 0.001; P < 0.001) in RA patients
compared with healthy controls. In RA patients, Spearman’s rank correlation analysis revealed that bilirubin and total bilirubin/
albumin ratio were negatively correlated with disease activity and inflammatory marker (C-reactive protein, erythrocyte sedimentation
rate, Interleukin-6). In multivariable ordered logistic regression, higher total bilirubin (OR=0.77, 95% CI: 0.67-0.89, p<0.001)
independently predicted lower disease activity.

Conclusion: Bilirubin levels remain associated with a reduction of disease activity, suggesting that bilirubin may be a protective
factor for RA aggravation.
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Introduction
Rheumatoid arthritis (RA) is a systemic autoimmune disease that involves the joints and extraarticular manifestations,
such as rheumatoid nodules, interstitial lung disease, vasculitis, and cardiovascular event.! RA is more common in
females with a female-to-male ratio of 2.5/1, and generally occurs at 40 to 70 years of age.> With a worldwide population
prevalence of 0.5-1%, rheumatoid arthritis places a heavy burden on both individuals and society, which is related to
medical costs, functional disability and lost productivity.” However, considering the safety and effectiveness of drugs, the
existing therapies still have certain limitations.

The etiology and pathogenesis of RA is still incompletely understood. It is generally believed that interaction among
genetic and environmental factors leads to immune system disorders, which in turn cause a range of inflammatory
arthritis changes.* In addition to a large number of activated cytokines, there are extensive angiogenesis and abundant

infiltration of inflammatory cells within the synovium of the joint, such as CD4+T cells, B cells, macrophages and
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neutrophils.® Substantial evidence pointed at the key role of oxidative stress played in the pathogenesis of RA.®’ The
curative effect of antioxidant therapy was also seen in experimental animal models of rheumatoid arthritis.® So far, the
main research work has focused on the causes responsible for initiating and maintaining the inflammatory and immune
responses, while little attention has been paid to the factors responsible for the regression of inflammation.

Bilirubin, the side product of heme catabolism, is traditionally considered as a harmful, cytotoxic waste product and an
indication of hepatobiliary and hematological diseases.” Whereas, in recent decades, accompanied with the rapid increase
of experimental and clinical data of bilirubin, we have gradually realized the important physiological role of bilirubin.'® At
physiologic or moderately elevated concentrations, bilirubin has potent antioxidant properties and powerful immunomo-
dulatory ability."" At high concentrations, indirect bilirubin that exceed the binding capacity of plasma albumin has
cytotoxic effects on multiple tissues, especially the nervous system.'? Circulating indirect bilirubin primarily binds to
albumin and is excreted through further metabolism in the liver. Obviously, the mutual restriction between bilirubin and
albumin regulates the balance between the detrimental cytotoxicity and the beneficial cytoprotection of bilirubin. We also
note that albumin-formulated parameters such as albumin-to-fibrinogen ratio and C-reactive protein-to-albumin ratio have
emerged as novel biomarkers to predict inflammation.'* !> Concerning that the total bilirubin/albumin ratio has never been
mentioned in other literature related to the inflammation of rheumatoid arthritis, the variable was taken into our study.

Although overwhelming clinical evidence has convincingly proved that bilirubin offer protection against a variety of

16-18 the researches of bilirubin on autoimmune disease are still few.'>?® Therefore,

metabolic and inflammatory disease,
we collected clinical and biochemical immunological data from a total of 394 participants, aiming to investigate the

association between total bilirubin, total bilirubin/albumin ratio and disease activity in rheumatoid arthritis.

Materials and Methods

Study Participants

From October 2020 to February 2022, a cross-sectional study was designed on 197 RA patients in the outpatient and
inpatient department of Rheumatology and Immunology of the Affiliated Hospital of North Sichuan Medical College. All
patients fulfilled the 2009 RA criteria of American College of Rheumatology (ACR)/European League Against
Rheumatism (EULAR). At the same period, 197 individuals who underwent healthy checkup in the Affiliated Hospital
of North Sichuan Medical College were selected as the control group. The patients with RA were matched to healthy
controls at a ratio of 1:1 based on age (+ 3 years) and sex. A total of 314 RA patients were included, of which 117 were
excluded. Exclusion criteria were as follows: elevated liver enzymes (n=33), renal failure (n=9), viral hepatitis (n=20),
hepatobiliary and pancreatic surgery (n=15), malignant tumor (n=10), active infection (n=8), other autoimmune diseases
(n=22). Eventually, 73 RA patients were remissive and mildly active (DAS28-ESR<3.2), 54 RA patients were moder-
ately active (3.2<DAS28-ESR<5.1), 70 RA patients were severely active (DAS28ESR>5.1). The study protocol was
reviewed and approved by the Ethics Committee of the Affiliated Hospital of North Sichuan Medical College
(2022ER458-1) and was performed in accordance with the Declaration of Helsinki. Written informed consents were
acquired from all participants before entering the study.

Assessment of Disease Activity

The DAS28 based on erythrocyte sedimentation rate (ESR) has been widely used for evaluating disease activity in
patients with rheumatoid arthritis.?’ The DAS28-ESR is composed of tender and swollen joint counts, the patient’s
measure of general health and erythrocyte sedimentation rate.

Clinical and Laboratory Data

Clinical and laboratory data were documented from the hospital’s electronic medical record system, including age, sex,
medical history, disease duration, blood routine and biochemical index, rheumatoid factor antibody spectrum and
cytokines. Elbow venous blood was collected from all participants at least 8h fasting, and blood samples were performed
in the clinical laboratory of Affiliated Hospital of North Sichuan Medical College. Bilirubin and albumin were measured
by automatic biochemical analyzer with the vanadate chemical oxidation and bromocresol green methods, respectively.

274 https: International Journal of General Medicine 2023:16
Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Zhang et al

Cytokines, including interleukin-2 (IL-2), interleukin-4 (IL-4), interleukin-6 (IL-6), interleukin-10 (IL-10), interleukin-
17A (IL-17A), tumor necrosis factor-a (TNF-a), interferon-y (IFN-y), were detected by flow fluorescence method. Anti-
cyclic citrullinated peptide antibody (ACPA) and rheumatoid factor (RF) were determined by chemiluminescence.

Statistical Analysis

Normally distributed variables were represented as means + standard deviation and compared by independent Student’s
t test. Non-normally distributed represented as the median (interquartile range) and compared by Mann—Whitney U-test.
Categorical variables were described by numbers (percentages), and chi-square test was performed for comparison. The
correlations of bilirubin with clinical and laboratory data were calculated via Spearman’s coefficients. ROC was used to
evaluate the ability of total bilirubin and total bilirubin/albumin ratio in identifying disease activity. We used ordered
logistic regression to investigate the influence of bilirubin on the disease activity. All statistical tests were two-sided, and
P value <0.05 was generally regarded as statistically significant. SPSS 19.0 software (IBM Corp.) was applied for

statistical analyses.

Results

The RA group consisted of 35 male and 162 female patients, with a mean age of 50.44 + 12.75 years. The healthy control
group consisted of 35 males and 162 females and the mean age was 50.53 + 12.82 years. There were no statistically
significant differences in sex and age between the two groups. Figure 1 shows that the total bilirubin (10.70 (8.85-14.10)
pmol/L, vs 13.70 (11.35-16.25) pmol/L, p<0.001) and total bilirubin/albumin ratio (0.24 (0.20-0.31) pmol/L vs 0.30
(0.25-0.35) umol/g, p<0.001) in RA patients were noticeably lower when compared with healthy controls.

Table 1 lists the clinical characteristics of 197 RA patients with different disease activity, the potential variables
affecting disease activity and the results of univariate analysis. Finally, the following candidate variables were identified:
age, use of tofacitinib, use of biological DMARDs, drinking, diabetes, bilirubin, albumin, AST, ALT, ESR, CRP,
neutrophils, platelets, Interleukin-6, Interleukin-10, rheumatoid factor, and anti—cyclic citrullinated peptide antibodies
(Table 1). Multivariate ordered logistic regression analysis was performed according to these variables. and significant
factors identified included use of tofacitinib, use of biological DMARDSs, bilirubin, albumin, ESR, CRP, Interleukin-6,
rheumatoid factor (Table 2). Notably, for each unit decreased in bilirubin and albumin, rheumatoid arthritis disease
activity increased (OR=0.77, 95% CI: 0.67-0.89, p<0.001). In addition, as indicators of inflammation, ESR, CRP and
platelets are important experimental indexes in the evaluation of disease activity. The negative correlation between total
bilirubin, total bilirubin/albumin ratio and DAS28-ESR, ESR, CRP and platelets in Spearman rank correlation analysis

was also validated with the above results (Table 3).
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Figure | Plasma total bilirubin and total bilirubin/albumin ratio levels in healthy controls (n=197) and patients with RA (n=197). (A) Plasma total bilirubin levels were
significantly lower in the patients with RA than in the healthy controls. **p < 0.001. (B) Plasma total bilirubin/albumin ratio levels were significantly lower in the patients with
RA than in the healthy controls. **p < 0.001.
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Table | Patient Characteristics and Results of Univariate Analysis

Variables DAS28-ESR<3.2 3.2<DAS28-ESR<5.1 DAS28-ESR>5.1 p value
(n=73) (n=54) (n=70)
Demographic data
Female 64 (87.70) 43 (79.60) 55 (78.60) 0.306
Age (y) 46.53 £ 11.35 4891 = 11.63 55.70 £ 13.31 <0.001*
Disease duration (m) 48 (18-114) 60 (24-120) 12 (48-120) 0.486
BMI (kg/m?) 22.88 + 3.0l 2343 +3.22 22.75 (20.81-25.15) 0.736
Smoke 7 (9.60) 8 (14.80) 7 (10.00) 0.605
Drinking 2 (2.70) 11 (20.40) 5(7.10) 0.002%*
Hypertension 8 (11.00) 6 (11.30) 15 (21.40) 0.149
Diabetes 2 (2.70) 3 (5.60) 11 (15.70) 0.013*
Hyperlipidemia 20 (27.40) 16 (29.60) 22 (31.40) 0.869
Laboratory data
TBIL (umol/L) 14.50 (11.05-15.90) 8.10 (9.50-11.70) 7.38 (9.50-11.13) <0.001*
Uric acid (umol/L) 259.51 + 75.30 286.66 * 69.04 274.98 £ 92.85 0.164
Albumin (g/L) 47.38 £ 2.62 44.79 £ 3.95 40.50 + 4.84 <0.001*
AST (U/L) 21.66 + 4.88 19.00 (16.00-22.25) 16.00 (13.00-19.25) <0.001*
ALT (U/L) 14.00 (10.00-19.00) 12.00 (9.00-15.00) 11.50 (9.00-16.00) 0.036*
CRP (mg/L) 1.26 (0.37-3.11) 9.67 (2.97-24.38) 45.80 (25.70-68.70) <0.001*
ESR (mm/h) 12.00 (6.00-17.50) 33.00 (24.25-42.50) 62.50 (43.75-77.00) <0.001*
Neutrophils (10°/L) 3.53 (2.75-5.02) 494 £ |.62 5.1'1 (3.80-7.02) <0.001*
Lymphocytes (10%/L) 1.41 (1.12-1.75) 1.50 (1.24-1.77) 1.36 (1.01-1.77) 0.309
Platelets (10'%/L) 193.00 (162.00-230.50) 227.50 (202.75-257.25) 284.00 (223.50-320.50) <0.001*
Interleukin-2 1.39 (0.82-2.04) 1.49 (0.42-2.44) 1.78 (0.96-3.44) 0.069
Interleukin-4 1.39 (0.67-2.38) 0.98 (0.39-2.23) 1.79 (0.26-3.51) 0.192
Interleukin-6 6.42 (3.8312.75) 11.68 (5.15-29.61) 36.80 (13.60-87.58) <0.001*
Interleukin-10 3.1 (1.24-3.76) 2.46 (1.27-3.89) 3.39 (2.264.97) 0.026*
Interleukin-17A 5.07 (0.00-14.52) 0.01 (0.00-9.56) 3.38 (0.00-17.49) 0.057
TNF-a 2.53 (1.47-5.10) 1.78 (0.73-4.92) 3.45 (1.45-8.86) 0.063
Interferon-y 1.14 (0.59-2.04) 0.63 (0.02-1.39) 1.54 (0.66-3.01) 0.001*
Positive of RF-IgM 31 (42.50) 33 (61.10) 62 (88.60) <0.001*
Positive of ACPA 55 (75.30) 49 (90.70) 62 (88.60) 0.029*
DMARDs
Tofacitinib 20 (27.40) 10 (18.50) 4 (5.70) 0.003*
Biologic DMARDs 26 (35.60) 11 (20.40) 8 (11.40) 0.002%*

Notes: Data are presented as mean * standard deviation, n (%) or median (range); *p < 0.05. The levels of lipid profile that satisfied one of following
four conditions were defined as dyslipidemia: total cholesterol (TC) 2 5.72 mmol/L, triglyceride (TG) = 1.80 mmol/L, low-density lipoprotein
cholesterol (LDL-C) 2 3.40 mmol/L or high-density lipoprotein cholesterol (HDL-C) < 1.60 mmol/L. Biological DMARDs, including tumor necrosis
factor-inhibitors and interleukin-6é-inhibitors.
Abbreviations: BMI, body mass Index; TBIL, total bilirubin; AST, aspartate transaminase; ALT, alanine transaminase; CRP, C-reactive protein; ESR,
erythrocyte sedimentation rate; TNF-o, Tumor necrosis factor alpha; RF, rheumatoid factor; ACPA, anti—cyclic citrullinated peptide antibodies;
DMARD:s, disease-modifying antirheumatic drugs.

To investigate how bilirubin influences disease activity in RA, we analyzed correlations between bilirubin, total
bilirubin/albumin ratio, and inflammatory and immunological indices. As shown in Table 3, total bilirubin and total
bilirubin/albumin ratio exhibited negative correlations with leukocytes and neutrophils. Moreover, total bilirubin, indirect
bilirubin and direct bilirubin were negatively correlated with IL-6, and indirect bilirubin was inversely correlated with
rheumatoid factor.

Receiver operating characteristic curve (Figure 2) revealed that higher disease activity (DAS28-ESR>3.2) was more
likely to occur with total bilirubin <11.65umol/L (80.7% sensitivity and 74.0% specificity, AUC=0.80) and total
bilirubin/albumin ratio <0.24umol/g (64.5% sensitivity and 76.7% specificity, AUC=0.72). We also noted that the
AUC value of total bilirubin was higher than the value of total bilirubin/albumin ratio (»<0.001).
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Table 3 Correlations of Bilirubin and Total Bilirubin/Albumin Ratio with Inflammatory and Immunological

Table 2 Results of Multivariate Ordered Logistic Regression
Analysis for Variables Affecting Disease Activity

Variables p value OR (95% CI)
Total bilirubin <0.001* 0.77 (0.67, 0.89)
Albumin 0.001* 0.80 (0.70, 0.91)
Tofacitinib <0.001* 0.04(0.01, 0.17)
Biological DMARDs 0.005* 0.21(0.07, 0.63)
ESR <0.001* 1.07(1.04, 1.11)
CRP 0.001* 1.05(1.02, 1.09)
Interleukin-6 0.027%* 1.01(1.00, 1.02)
RF-IgM 0.022% 3.14(1.18, 8.33)

Notes: Ordered logistic

regression is used to assess the association between
independent factors and increasing disease activity. Protection and risk factors were
assessed independently in the univariable analysis. Univariable factors with p<0.05
were included in the multivariable ordered logistic regression analysis. * p<0.05.

Indexes
Total Bilirubin Direct Bilirubin Indirect Bilirubin TBIL/Albumin
re P re P re P re P

DAS28-ESR —-0.487 <0.001* —0.404 <0.001* —-0.492 <0.001* -0.323 <0.001*
Leukocytes (I09/L) -0.219 0.002* —-0.202 0.004* -0.214 0.003* -0.233 0.001*
Neutrophils (I09/L) -0.206 0.004* —-0.181 0.011* -0.208 0.003* -0.208 0.003*
ESR (mm/h) -0.449 <0.001* —-0.389 <0.001* —0.446 <0.001* —-0.305 <0.001*
CRP (mg/L) -0.353 <0.001* —0.300 <0.001* -0.358 <0.001* —-0.198 0.005*
PLT (I0'2/L) -0.419 <0.001* -0.391 <0.001* -0.393 <0.001* —0.354 <0.001*
IL-6 (pg/mL) -0.181 0.011* -0.197 0.006* -0.173 0.015*% —-0.089 0.214
IL-10 (pg/mL) -0.114 0.111 —0.147 0.039* -0.103 0.150 -0.083 0.246
RF-IgM (1U/mL) —-0.131 0.067 —0.084 0.240 -0.143 0.045* -0.018 0.804

Note: *p<0.05.

Discussion

In the 2019 EULAR treatment recommendations,? the treatment goal of RA is defined as complete remission (DAS28-
ESR<2.6) or low disease activity (2.6<DAS28-ESR<3.2). Therefore, in this cross-sectional study, RA patients were set
into three groups with different grades of disease activity. The inverse association between bilirubin and disease activity

Figure 2 Accuracy of total bilirubin and total bilirubin/albumin ratio to predict disease activity in rheumatoid arthritis (DAS28-ESR<3.2 vs DAS28-ESR23.2).
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showed that bilirubin could be used as an indicator to assess the extent of disease activity in RA patients, and increasing
bilirubin levels might be an additional therapeutic method in the targeted treatment strategy of RA.

Recently, albumin-to-fibrinogen ratio and C-reactive protein-to-albumin ratio are considered as inflammatory markers
to monitor disease activity in patients with RA'* and the use of total bilirubin/albumin ratio for predicting bilirubin
encephalopathy in neonates and premature infants has been repeatedly discussed.”*-** Consequently, the concept of total
bilirubin/albumin ratio was proposed in this study. Based on the correlation coefficients and the area under the curve
(AUQC), it is known that total bilirubin/albumin is similarly a reliable index for the assessment of the active degree of
rheumatoid arthritis when compared to total bilirubin.

In the past few decades, hyperbilirubinemia has largely been considered to be a sign of poor outcome. Since the first
report on bilirubin’s antioxidant capacity was published by Stocker in 1987,% our traditional viewpoint of bilirubin has
radically been broken and studies concentrated on the beneficial effects of bilirubin have emerged one after another. Among
them, a mass of epidemiological studies suggested that elevated bilirubin could reduce the mortality and all-cause mortality
of chronic diseases such as cardiovascular disease and cancer.?® A case—control study showed that low total bilirubin levels
increase the risk of SLE aggravation.”” Sykora et al successfully improved the clinical symptoms, inflammatory indexes
and DNA oxidative damage of rats with hyperbilirubinemia induced by unbound bilirubin.?® All these findings are also
supported by our research data, and the explanation of how bilirubin plays a protective role in RA is described below.

Elevated markers of oxidative stress have been discovered in rheumatoid arthritis, which is positively correlated with
DAS28 score.”’ A prospective cohort study showed a negative correlation between intakes of antioxidant foods and the
risk of rheumatoid arthritis.>* In addition, patients with rheumatoid arthritis have a 1.5-2-fold increased risk of
cardiovascular disease compared to the general population, and oxidative stress is considered the major contributor.®!
The above evidence suggest that oxidative stress may be a contributing factor in the pathogenesis of RA. Bilirubin is well
known for an effective scavenger of reactive oxygen species (ROS), which prevents the oxidation of protein, lipid and
nucleic acid.’® Therefore, oxidative stress was linked with pathological changes of rheumatoid arthritis, indirectly
reflecting the possible antioxidation of bilirubin on rheumatoid arthritis.

On the other hand, the increase in ROS production induced by various inflammatory stimuli can mediate NF-kB signaling
pathway initiation, downstream inflammatory gene transcription and cytokine secretion, indicating a close link between oxidative
stress and inflammatory signals.*> The suppressing effect of bilirubin on inflammation has been seen from the positive
therapeutic effect of bilirubin nanoparticles (BRNPs) on mouse asthma model.** It has also been recorded in a rat model of
endotoxemia that administration of bilirubin alleviated liver injury and improved the survival rate of rats.>> In our study, the anti-
inflammatory effect of bilirubin was supported by negative correlations between bilirubin and acute reactants (ESR, CRP).

Most recently, a series of animal experiments have proved that bilirubin plays an immunomodulatory role by inhibiting
innate and adaptive immune systems. The leukocyte counts (total leukocyte, neutrophil and macrophage), and cytokine
concentrations (GM-CSF, MCP-1, IL-6, IL-18) reduced by BRS and BV administration in the rat model of sterile inflamma-
tion induced by MSU crystals.*® Experiments conducted in vitro proved that unconjugated bilirubin (> 25 uM) exerted toxic
effect on splenic T cells, B cells, macrophages and LPS-stimulated CD19+ B cells.’” Nejedla found significantly lower
antibody titers in 12 neonates with hyperbilirubinemia who received diphtheria-pertussis-tetanus vaccine when compared to
the normal control group.”® Consistent with the above findings, our study found that high concentration of bilirubin caused
a reduction of the number of leukocytes and neutrophils, as well as the expression of related antibody and cytokines.

According to the relationship between bilirubin and antibody, we speculate that bilirubin may inhibit B cells, resulting
in a decrease of rheumatoid factor production by plasma cells. It is well known that TNF-cand IL-6 are key cytokines
implicated in the pathogenesis of rheumatoid arthritis.** Accordingly, the immunomodulatory effect of bilirubin may be
reflected by inhibiting T cell, leading to decreased IL 6 level. However, no similar results were observed in the analysis
between bilirubin and TNF-a. The reason for the lack of statistical significance may be the widespread use of biological
drugs against tumor necrosis factor in recent decades. Surprisingly, we found an inverse relationship between direct
bilirubin and the anti-inflammatory cytokine IL-10, which is contrary to other studies and needs to be further verified by
expanding the larger sample sizes or performing animal experiments.

In recent years, a large number of experimental data have shown that bilirubin affects gene transcription system and
cell signaling pathway by binding to various cell membranes and nuclear receptors.*® Therefore, it is not difficult to
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understand the particularly extensive inhibitory effect of bilirubin on almost all immune systems. Correspondingly, a kind
of nanomedicine based on bilirubin nanoparticles was applied to animal models such as psoriasis, autoimmune
encephalomyelitis, allergic lung inflammation.***!**> All of these results point to the possibility that bilirubin may
ameliorate the outcome of rheumatoid arthritis and serve as a new treatment for rheumatoid arthritis.

This study still has some limitations. Firstly, owing to the inherent limitations of cross-sectional data, we cannot make
a causal inference between bilirubin and rheumatoid arthritis. Prospective cohort studies are needed to prove the
causality. Secondly, due to the relatively small sample size of this study, large-scale studies are required to validate
our results in the future.

In conclusion, our research shows that patients with rheumatoid arthritis with higher bilirubin are more likely to
achieve remission. The total bilirubin, combined with total bilirubin/albumin ratio is valuable for assessing disease
activity of RA. Further studies on how bilirubin affects inflammatory signaling pathways to ameliorate rheumatoid
arthritis conditions are needed to discover potential therapeutic targets.

Conclusion

This cross-sectional study compared the bilirubin levels of healthy people and patients with rheumatoid arthritis, and the
disease activity of patients with rheumatoid arthritis was inversely proportional to the bilirubin levels. Our data
emphasize the beneficial effect of bilirubin, but the specific mechanism still requires further study.
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