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INTRODUCTION
Rheumatoid arthritis (RA) is a chronic autoimmune disorder that primarily affects the joints. 
RA typically results in hot, inflame, and painful joints.[1] The course of disease in RA is irreg-
ular. An increasing number of studies show that besides the inherited genetic architec-
ture, various environmental factors significantly contribute to the etiology of RA.[2] In light 
of the diverse responses to targeted therapies, RA may represent a final common clinical 
phenotype that reflects many pathogenic pathways.[3] Oxidative damage induced by reac-
tive oxygen species has been related to the pathophysiology of RA in several studies, al-
though results have been inconsistent and contradictory.[4] Studies suggest that oxidative/
nitrosative stress markers may be useful in evaluating the progression of RA, as well as in 
elucidating the mechanisms of disease pathogenesis.[5] Various biomarkers have been used 
for the prognosis and clinical follow-up. The identification of biomarkers that predict the 
treatment response before drug exposure is a current priority. Antibodies to citrullinated 
peptides, rheumatoid factor, and the interferon signature are the most robust and best-val-
idated biomarkers identified to date. However, the range of biomarkers suitable for use in 
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daily practice remains extremely narrow.[6]

Bilirubin (Bb) is a heme degradation product with anti-in-
flammatory, antioxidative, and immunosuppressive fea-
tures.[7] Studies conducted in the previous two decades 
showed a strong antioxidative feature of Bb in addition to 
its being a degradation product. Many hypotheses were 
put forth concerning the mechanism of action of Bb. The 
most well-known is the immunomodulatory effect that 
suppresses inflammation through its redox (antioxidative) 
capacity.[8] The present study aims to reveal the clinical im-
portance of serum Bb parameters in RA as a new biomarker 
in disease activity.

METHOD
This study was designed as a case-control study. Seventy-
five RA patients with age and gender matched 75 controls 
were included randomly in this study. Clinical characteris-
tics and laboratory parameters were analyzed. Some were 
new diagnoses; others were control subjects. In this study, 
2010 American College of Rheumatology criteria was used 
for RA diagnosis. Disease activity of the patients with RA 
was assessed using the Disease Activity Score 28 (DAS28), 
C-reactive protein (CRP) and erythrocyte sedimentation 
rate (ESR). Disease Activity Score was calculated using the 
number of sensitive joints, the number of inflamed joints, 
visual analog scale and ESR.

Serum aspartate aminotransferase (AST), alanine amino-
transferase (ALT), total Bb (TBb), direct Bb (DBb), indirect Bb 
(InBb) were among the biochemical parameters that were 
measured by automatic biochemical analysis.

The number of swollen and sensitive joints was identified 
through a physical examination. The Bb parameters were 
compared with all parameters. Patients with a history of 
liver dysfunction, chronic liver disease, liver damage and 
known liver function test abnormality, biliary disease 
(cholelithiasis, cholecystitis), acute and chronic infection, 
other inflammatory rheumatological diseases and malig-
nancy were excluded from the study.

Statistical Analysis

Continuous variables were shown as mean±standard devi-
ation, and categorical variables were presented as percent-
ages. We used the Kolmogorov-Smirnov test to identify 
data normality. The correlation between two continuous 
variables was analyzed using the Spearman test. The inde-
pendent samples t-test and Mann–Whitney U tests were 
used to analyze data according to their distribution. Sta-
tistical analysis was performed using SPSS 16.0 (SPSS Inc., 

Chicago, IL, USA); p<0.05 was designed as statistically sig-
nificance. This study complied with Helsinki declaration 
principles and ethical rules.

RESULTS
Seventy-five (50.0%) RA patients with age (p=0.31) and 
gender (p=0.06) matched 75 (50.0%) controls were in-
cluded in this study. The median number of tender joints 
was 6.0 (0.0-16.0); swollen joints were 0.0 (0.0-6.0) in the 
study group. DAS28 of the study group was 3.8±1.0. The 
descriptive and analytic data for the groups were given in 
Table 1 and Table 2, respectively. Acute phase reactants, 
CRP (p<0.001) and ESR (p<0.001) were significantly higher 
in our study group; DBb was found significantly lower than 
controls (p<0.001) (Fig. 1).

In correlation analysis, ESR was negatively correlated 
with DBb, InBb, and TBb respectively (p=0.029, r=-0.252; 

Table 1. Clinical parameters of the RA patients

  RA group (n=75)

Number of tender joints 6.0 (0.0-16.0)

Number of swollen joints 0.0 (0.0-6.0)

Morning stiffness (minutes) 15.0 (0.0-240.0)

DAS28 3.8±1.0

VAS (centimeter) 5.5±2.3

RA: rheumatoid arthritis; DAS 28: disease activity score; VAS: visual analog 
scale. Data were given mean±std or median (minimum-maximum) 
according to their distribution. All data are presented as mean±standard 
deviation or median (minimum–maximum), where appropriate.

Table 2. Analytic data of the groups

  RA group Control group p
  (n=75) (n=75)

Age (year) 50.0±10.5 51.9±9.3 0.31

Gender (M/F) 32 (42.7)/43 (57.3) 40 (53.3)/35 (46.7) 0.06

ESR (mm/h) 29.5±18.3 15.6±13.4 <0.001

CRP (mg/dL) 7.7±10.5 1.1±1.6 <0.001

TBb  0.53±0.22 0.52±0.22 0.81

DBb 0.15±0.07 0.19±0.01 <0.001

InBb 0.33±0.17 0.37±0.17 0.21

AST  21.4±2.6 19.7±4.7 0.19

ALT  24.2±7.02 22.7±8.2 0.07

ESR: erythrocyte sedimentation rate; CRP: C-reactive protein; TBb: total 
bilirubin; DBb: direct bilirubin; InBb: indirect bilirubin; AST: aspartate 
aminotransferase; ALT: alanine aminotransferase.
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p=0.003, r=-0.362; p=0.009, r=-0.302). TBb was also not cor-
related with DAS 28 (p=0.08; r=-0.203).

DISCUSSION
RA is a chronic autoimmune disease that is characterized 
by widespread synovitis resulting in joint damage and 
erosion in the articular cartilage and marginal bone.[8] RA 
pathophysiology shares the common cascades with ather-
osclerosis, including endothelial dysfunction related to the 
underlying chronic inflammation.[9] Biomarkers indicating 
inflammation will assist during disease follow-up.[10] Differ-
ent biomarkers from several tissues (blood, urine, synovial 
fluid or tissue) and different structures (autoantibody, ge-
netic marker, joint remodelling marker) have been studied 
for their diagnostic and prognostic importance in RA dur-
ing the last few decades.[11] 

The management of patients with autoimmune rheumatic 
diseases, such as RA, remains a significant challenge. We 
often concentrate on treating and relieving the symp-
toms and consequences and not the underlying causes of 
the disease. Oxidative stress may occur in many autoim-
mune diseases, with the excess production of reactive 
oxygen species (ROS) and reactive nitrogen species.[12] It 
is believed that ROS play a role in RA pathogenesis. Over-
production of ROS causes damage in lipids, proteins, and 
nucleic acids.[13,14] Oxidative stress is positively correlated 
with disease severity for patients with RA. Reactive oxy-
gen species is the activating signal transmission pathway 
for the inflammatory response in RA. Beginning from this 
point, we can say that an antioxidant defence system that 
is targeting ROS has an important role in RA pathogene-
sis.[15–17]

Bb is a major product of the intravascular component of the 

heme catabolic pathway. It was traditionally considered a 
metabolic product of heme that provided only a minimal 
contribution to human physiology and thought to be a 
degradation product. However, in the last two decades, 
antioxidative features contributing to defence against 
oxidative stress have been discovered. Only a few studies 
have shown the effects of Bb molecule on diseases, such 
as cardiovascular diseases, diabetes, cancer, autoimmune 
diseases (lupus, rheumatoid arthritis), and schizophrenia.
[14,18,19] We know that a physiologic dose of Bb is beneficial 
and also that toxic doses cause immunosuppression. Lee 
Y et al.[17] observed the inhibition of acute inflammation 
processes in the colon through experimental intravenous 
injection of Bb nanoparticles in rats with ulcerative colitis. 
Ample evidence has been found for a potent anti-inflam-
matory role for Bb as a degradation product of heme.[15–17] 
Vogel ME et al.[18] showed the effects of Bb in intestinal 
tissue via its disrupting eosinophil migration.

Contrarily, evidence of an increase in the severity of 
schizophrenia with increasing Bb values has been shown. 
However, several studies have also shown that Bb could be 
a protective factor for RA, multiple sclerosis, and systemic 
lupus erythematosus.[19] In their NHANES study, Fischman 
et al.[20] showed that Bb is a protective factor for RA. The 
development of RA has an inverse relationship with the 
serum TBb. This protective effect was linked to its physio-
logic anti-inflammatory effects resulting from the anti-ox-
idant feature of Bb.[8] Peng et al.[21] found that lower serum 
Bb values in all patients with polymyositis than healthy 
controls; a possible relationship with disease activity was 
also detected. Zheng J et al.[22] found higher serum CRP val-
ues and lower TBb values in diabetic patients and patients 
with impaired insulin tolerance. For patients with psoriasis, 
a negative relation was found between TBb values and in-
flammatory parameters.[23] Peng YF et al.[24] detected lower 
DBb values and higher CRP values when assessing neuro-
genic inflammation in patients with migraine and CRP and 
DBb were also found negatively correlated. Beciragic A et 
al.[25] did not find any relationship between higher CRP val-
ues and serum uric acid, ferritin, and Bb. Koca et al.[26] found 
low levels of DBb in patients with Ankylosing spondylitis 
and negatively correlated with disease activity similarly. We 
found a significant negative relation in Bb parameters with 
DAS 28 score and acute phase reactants. Also, DBb levels 
were found lower in RA patients than the patients in the 
control group; this may be explained by DBb decreases as 
the inflammation increases. 

On the other hand, Bb parameters may be exhausted due 
to increased oxidative stress as the disease activity in-
creases in RA patients. 

Figure 1. Boxplot of direct bilirubin according to the groups.
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The decrease in Bb levels seems to be the result of the dis-
ease rather than an etiological factor.

There are some limitations to the study. The sample size 
is not enough to make certain generalizations. Our study 
group mainly consisted of patients in remission. Addition-
ally, serum Bb concentration is affected by several factors, 
such as gender, smoking, medication, alcohol and anemia. 

Liver enzymes, including Bb parameters, may be affected 
depending on the rheumatic diseases itself and the medi-
cations used. Not considering the medication of the partic-
ipants is another limitation of this study. 

To sum up, this study supports the anti-inflammatory 
feature of Bb similarly found in other studies in the litera-
ture. We found that DBb was significantly lower in RA pa-
tients than the patients in the control group. As a practical 
biomarker with anti-oxidative properties, the DBb can be 
used in clinical follow-up in RA.
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