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Abstract
Inflammatory markers such as tumor necrosis factor-alpha (TNF-α) and high sensitivity C-reactive proteins 
(hs-CRP) have been suggested as markers disease activity (severity) in patients with rheumatoid arthritis 
(RA) but the data are limited. The aim of this study was to determine the correlation between both TNF-α 
and hs-CRP levels and disease activity of RA patients. A cross sectional study was conducted at Dr. Soetomo 
Hospital, Surabaya, Indonesia. Plasma levels of TNF-α and hs-CRP were determined by ELISA and solid-
phase chemiluminescent immunometric assay, respectively and the degree of disease activity (severity) was 
measured using disease activity score 28 (DAS28). The levels of TNF-α and hs-CRP between the level of 
disease severity were compared using Anova test and the correlations of TNF-α or hs-CRP level and DAS28 
were tested using Pearson’s or Spearman correlation as appropriate. Thirty-one patients were enrolled in 
this study, where most of them (87.1%) were women, with mean of age 45.61 years. Based on DAS28 
score, 45.2% of the patients were categorized as high disease activity (severe). The level of TNF-α was 
statistically significant between disease activity groups (high vs. moderate with p=0.012; and high vs. low 
with p=0.036). There was a significant positive correlation between the TNF-α and DAS28 score (r=0.417, 
p=0.02). No correlation between hs-CRP and DAS28 score (r= -0.117, p=0.532). The level of TNF-α is 
associated with DAS28 score, suggesting its potential as a marker of RA disease activity or severity. Further 
studies are therefore warrant to validate this finding in order to provide more robust evidence. 
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Introduction

Rheumatoid arthritis (RA), characterized by 
persistent synovitis, is a systemic autoimmune 
inflammatory disorder typically found in women.1 RA 
may affect all ages and ethnicity, but the prevalence 
of the disease increases with age.2 It affects 0.5-1% 
adults in industrialized countries with 5-50/100.000 

new cases every year.3 Left untreated, RA could cause 
joint damage, disability, and decreased quality of life.1,3 
Disease modifying anti-rheumatic drugs (DMARDs) 
such as methotrexate, hydroxychloroquine, prednisone, 
leflunomide, and sulfasalazine have been shown to 
reduce systemic inflammation, slow joint damage, and 
improve function in RA patients.1 

Tumor necrosis factor-alpha (TNF-α) plays a vital 
role in the development and progression of RA as a driver 
of inflammation.4,5 Previous studies suggested that high 
level of TNF-α was positively correlated with disease 
activity, and TNF-α blocking therapy significantly 
affected disease activity and improved clinical outcome 
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in patients with RA.4,6 TNF-α and C-reactive proteins 
(CRP) have close correlation since inflammation could 
induce the production of CRP.5 A study found that the 
production of CRP was induced by pro-inflammatory 
cytokines and could be potential inflammatory marker 
in RA patients.7,8 Another study found the levels of high 
sensitivity CRP (hs-CRP) and TNF-α were higher in RA 
patients compared to healthy population.6 

DAS28 is a modified Disease Activity Score (DAS), 
the scoring system used to evaluate the disease activity 
of RA, which includes 28 joint counts.9 The modified 
DAS was proven as valid as the original version and 
more convenience to be used in clinical settings.10 The 
calculation of DAS28 score is composed of the number 
of tender and swollen joints, patient’s assessment of 
disease activity on a visual analogue scale (VAS), and 
erythrocyte sedimentation rate (ESR).9-12 The recent 
guideline for RA recommends the use of composite 
measurements such as DAS28 to evaluate disease activity 
in combination with inflammatory markers such as CRP 
and TNF-α for better prognostic power.13 However data 
on correlation of the plasma level of TNF-α, hs-CRP and 
DAS28 in RA patients is limited. The objective of this 
study was to evaluate the correlation of plasma level of 
TNF-α and serum level of hs-CRP with DAS28 in order 
to determine their diagnostic potency as markers of RA 
disease activity. 

Methods

Study design and patients

A cross sectional study was conducted at 
Dr. Soetomo Hospital, Surabaya. Patients at the 
Rheumatology Outpatient Clinic who were diagnosed 
with RA based on ACR 1987 criteria14 and aged >16 
years were recruited. Patients who had local or systemic 
inflammation (based on history, physical examination, 
and had white blood count more than 11x103/μl or 
less than 4x103/μl), autoimmune disease, malignancy, 
irritable bowel disease, severe heart disease, diabetes, or 
end stage renal disease were excluded. 

TNF-α and hs-CRP measurements 

Peripheral blood samples were collected for 
measurements of TNF-α and hs-CRP and ESR, a 
component of DAS28 assessment. The level of plasma 

TNF-α was measured by quantitative Enzyme-Linked 
Immunosorbent Assay (ELISA) kits (Diaclone SAS, 
France). Serum level of hs-CRP was measured by solid-
phase chemiluminescent immunometric assay using an 
IMMULATE® High Sensitivity CRP by DPC®. 

Disease Activity Assessment 

The degree of RA disease activity (severity) was 
measured using DAS28 questionnaire, which includes 
the 28 tender and swollen joint counts, ESR, and the 
patients’ assessment of disease activity.15 The 28 
tender joint count (28TJC) and 28 swollen joint count 
(28SJC) range from 0 to 28, erythrocyte sedimentation 
rate (ESR) ranges from 0 to 150, and patients’ general 
health assessment (GH) ranges from 0 to 100. The 
formula for DAS28 score calculation has been explained 
elsewhere.15 The DAS28 scores range from 0 to 9.4, and 
was categorized into four: (1) DAS28 <2.6 for remission; 
(2) DAS28 ≥2.6 and ≤3.2 for low disease activity; (3) 
DAS28 >3.2 and ≤5.1 for moderate disease activity; and 
(4) DAS28 >5.1 indicates high disease activity.15 

Statistical Analysis

All the descriptive variables were presented as the 
mean ± standard deviation (SD). The levels of TNF-α 
and hs-CRP between disease activity groups were 
compared using Anova followed by post hoc analyses. 
The correlations of TNF-α and hs-CRP levels and 
DAS28 were calculated using Pearson’s or Spearman 
correlation as appropriate. Statistical Package for the 
Social Sciences (SPSS 20 version) was used for all 
statistical analyses. 

Results

Participants’ characteristics

The present study included new 31 RA patients, 
recruited from the Rheumatology Outpatient Clinic of 
Dr. Soetomo Hospital, Surabaya, Indonesia. Majority 
of the patients (87.1%) were women, with mean of age 
45.6 years (Table 1). The mean of disease onset was 
66.1 months and approximately half of the patients 
(48.4%) had AR for 6 months to 2 years. Twenty-two 
patients (70.9%) were treated with disease modifying 
anti-rheumatic drugs (DMARDs) such as chloroquine 
and methotrexate, where half of them (50%) had taken 
DMARDs for 6 months to 2 years (Table 1). 
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Disease severity and the levels of TNF-α and hs-
CRP

Based on DAS28 score, 14 (45.2%) patients were 
categorized as high disease activity (severe) and 12 
(38.7%), 3 (9.6%) and 2 (6.4%) patients were categorized 
as moderate activity, low activity and remission stage, 
respectively (Table 1). One of the DAS28 variables is 
ESR and the ESR was varied between 15 to 137 mm/
hour among patients in this study. The highest mean 
level of TNF-α was among those with high disease 
activity, while the lowest mean level was recorded in 
patients with remission and low disease activity. The 
mean level of TNF-α in patients with high disease 
activity was 46.4 pg/ml and this level was significantly 
higher compared to those with moderate (32.5 pg/ml) 

and low disease activity (19.1 pg/ml) (Table 2). The 
level of TNF-α levels were significant different among 
the disease activity groups (p=0.034) (Table 2). Post 
hoc analyses also suggested that the level of TNF-α 
levels were significant different between disease activity 
stratifications (high vs. moderate with p=0.012 and high 
vs. low with p=0.036). 

The levels of hs-CRP in the present study ranged 
from 0.20 mg/L to 109 mg/L. Those with high activity 
of RA had the highest level of hs-CRP compared to 
other groups. One-way Anova indicated that the levels 
hs-CRP were not different among the groups of disease 
severity (Table 2). Post hoc analyses also suggested that 
the levels of hs-CRP were not different between disease 
activity group. 

Table 1. Participants’ characteristics (n = 31)

Characteristics Frequency (n, %) 

Gender 

  Male 4 (12.9)

  Female 27 (87.1)

Age (mean, year) 45.61

Onset of disease (mean ± SD, months) 66.14 ± 73.67

Duration of disease 

  < 6 months 4 (12.9)

  > 6 months – 2 years 15 (48.3)

  > 2 – 5 years 4 (12.9)

  > 5 years 8 (25.8)

Treatment

  DMARD 22 (70.9)

  Non-DMARD 9 (29.1)

Disease activity 

High 14 (45.2)

Moderate 12 (38.7)

Low 3 (9.6)

Remission 2 (6.4)
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Table 2. Comparation of ESR, TNF-α and hs-CRP among different disease activities of rheumatoid arthritis 

Markers

Disease activity p-value a

Remission 
Mean ± SD 

(Range)

Low 
Mean ± SD 

(Range)

Moderate 
Mean ± SD 

(Range)

High 
Mean ± SD 

(Range)

ESR (mm/hour)
19.00±8.40 

(15-25)
30.00±5.00 

(25-35)
47.16±13.30 

(27-62)
46.50±14.93 

(15-137)
0.052

TNF-α (pg/ml)
29.50±31.26 
(7.40-51.61)

7.39±40.03 
(19.15-18.12)

32.55±14.77 
(11.64-55.68)

46.49±14.93 
(12.13-79.30)

0.034*

hs-CRP (mg/L)
2.93±0.30 
(2.72-3.15)

1.15±1.03 
(0.24-2.27)

6.37±9.33 
(0.20-34)

12.20±29.06 
(0.29-109)

0.787

a Analyzed using one-way Anova

* Significant at p=0.05 

Correlation between TNF-α and hs-CRP with DAS28 

Pearson’s correlation test showed a significant correlation between the level of TNF-α and DAS28 score 
(r=0.417, p=0.02) (Table 3). This study found no significant correlation between the level of hs-CRP and DAS28 
score in RA patients (r= -0.117, p=0.532). The present study also found no significant correlation: between TNF-α 
and hs-CRP (r=0.100 and p=0.592), between TNF-α and ESR (r=0.118, p=0.532), and between hs-CRP and ESR 
(r=0.256, p=0.161). 

Table 3. Correlation between TNF-α, hs-CRP and DAS28 in RA patients

Correlation r p-value

TNF-α-DAS28 0.417 0.020 a,*

hs-CRP-DAS28 -0.117 0.532 b

TNF-α-hs-CRP 0.100 0.592 b

TNF-α-ESR 0.118 0.532 a

hs-CRP-ESR 0.256 0.161 b

a Analyzed using Pearson correlation 

a Analyzed using Spearman correlation

* Significant at p=0.05 
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Discussion

Majority of the RA patients in this study (87.1%) 
were female with mean of age 45.6 years. Previous 
studies showed that RA may affect all ages, but is 
usually seen in young women aged 25-451,2,16 and 
only about 2% of the geriatric population.17 RA mostly 
affects women, where the sex ratio is about 3:1 with 
women having higher odds to get the disease.1,16 Many 
autoimmune diseases, including RA, show a striking 
imbalance between the genders, with females having 
higher prevalence. Studies suggest that genetic factors 
(X-linked), hormonal factors, and different exposures 
are likely to influence the prevalence of autoimmune 
diseases and their severity.16,18,19 

Our data suggested that the level TNF-α was 
significantly different among disease activity groups 
in which the higher disease activity the higher TNF-α 
level. A previous study also found a correlation between 
TNF-α levels and disease activity that measured 
by DAS28.6 CRP and TNF-α are two of important 
inflammatory markers in RA and TNF-α plays an 
important role in activating inflammation cascade such 
as pro-inflammatory cytokines and then induce the 
production of CRP4,5. 

When we calculated the correlation between 
TNF-α and DAS28, our data suggested a significant 
positive correlation between the TNF-α and DAS28 
score, supporting previous studies which suggested 
high level of TNF-α was positively correlated with 
DAS28 score.4,6 TNF-α could induce the release of 
prostaglandins, reactive oxygen, and neutral proteinases 
such as collagenases and stromelysin that could degrade 
proteoglycans, resulting in destruction of cartilage.6 
Furthermore, TNF-α stimulates the release of tissue-
destroying matrix metalloproteinase and inhibits the 
production of metalloproteinase inhibitors which also 
lead to joint damages.20 

Although previous studies found that the higher 
levels of TNF-α and CRP reflected more rapid progression 
of the disease,4,5 our data suggested a weak correlation 
between hs-CRP and RA disease activity. This finding is 
different from previous studies that reported a significant 
correlation between hs-CRP levels and disease activity 
in RA patients.21-23 Studies found that the serum level 
of CRP was correlated with subjective (pain, morning 

stiffness and fatigue after walking), semi-objective 
(articular index, grip strength), and clinical parameters 
of RA disease activity.5,24 Moreover, CRP level also 
demonstrated a good prognostic value of progressive 
joint damage, functional status, and outcome of RA.5,24 
One of the possible reasons we found a weak correlation 
probably because a small sample size in our present 
study. 

This study has some limitations. The sample size in 
this study was relatively small leading to less proportional 
for each disease activity. A study with higher sample size 
and more proportional samples for each disease category 
is therefore necessary to be conducted in the future. The 
present study only assessed TNF-α and hs-CRP. Further 
study with other pro-inflammatory cytokines such as 
IL-6 and IL-10 is warranted, since those cytokines could 
also affect disease activity in RA. Similar study using 
TNF-α and hs-CRP from synovial fluid needs to be 
done in the future, to further evaluate the role of pro-
inflammatory cytokines as local mediators in causing 
joint damages. 

Conclusion

The level of TNF-α was statistically significant 
between RA disease activity groups (high vs. moderate; 
and high vs. low). There was a significant positive 
correlation between the TNF-α and DAS28 score and 
the level of TNF-α is associated with DAS28 score, 
suggesting its potential as a marker of RA disease 
activity or severity. 
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