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Abstract: Objective: The aim of this study was to investigate changes in levels of plasma D-dimer (D-D) in rheuma-
toid arthritis (RA) patients and analyze its relationship with inflammatory factors interleukin-1 (IL-1), interleukin-6 
(IL-6), and tumor necrosis factor-α (TNF-α). Methods: Plasma levels of D-D, in 138 RA patients and 100 healthy 
controls, were determined and its correlation with age, rheumatoid factor (RF), erythrocyte sedimentation rate 
(ESR), IL-1, IL-6, and TNF-α were evaluated. RA patients in the observation group were divided into 3 subgroups 
based on RA disease activity score 28 (DAS28). There were 52 cases in group A (DAS28>5.1), 42 cases in group 
B (3.2<DAS28≤5.1), and 44 cases in group C (1.6<DAS28≤3.2). Results: Plasma D-D levels in the RA group were 
significantly higher than those of healthy control groups (P<0.01). In addition, plasma levels of D-D in groups A and 
B were significantly higher compared to those in group C (both P<0.01). Moreover, in all RA patients, D-D levels had 
a significantly positive correlation with age, ESR, RF, C-reactive protein, IL-1, IL-6, and TNF-α (all P<0.01). Conclusion: 
D-D can be used as a nonspecific inflammatory response index for clinical diagnosis of RA and as a guide for clinical 
treatment of this disease.
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Introduction

Rheumatoid arthritis (RA), a common disease 
of the elderly, is an autoimmune disease medi-
ated by a variety of immune cells and secreting 
cytokines. RA mainly manifests as synovitis 
and is considered a typical chronic inflamma-
tory disease [1]. Prevalence of RA has ranked  
at the top of connective tissue diseases, with 
an incidence of about 1% of the total popula-
tion. However, incidence of RA in China is over 
30% of total cases worldwide [2, 3]. A typical 
chronic autoimmune disorder, RA may also 
cause several other diseases including subcu-
taneous nodules, pericarditis, and peripheral 
neuropathy. RA greatly increases the possibi- 
lity of disabilities and severely affects patient 
quality of life. Moreover, RA imposes a heavy 
economic and mental burden on the families of 
patients, endangering the lives of RA patients 
[4, 5].

The main manifestation of RA involves prolifer-
ation of synovial fibroblasts, resulting in the 

secretion of a large amount of synovial fluid  
and formation of pannus [6]. One study de- 
monstrated that T lymphocytes are involved in 
the pathogenesis of RA but other studies have 
shown that T-cells promote secretion of inflam-
matory factors [7]. A member of the interleukin 
family, interleukin-1 (IL-1) mainly exists in the 
forms of IL-1α and IL-1β, multifunctional cyto-
kines playing important roles in tissue repair 
and immune responses [8]. Moreover, interleu-
kin-6 (IL-6) plays a key regulatory role in cell dif-
ferentiation, proliferation, and apoptosis and is 
expressed by many types of cells including 
macrophages, B-cells, and T-cells [9]. Tumor 
necrosis factor-α (TNF-α) is a polypeptide cyto-
kine secreted by mononuclear macrophages. It 
serves as an immune protective medium in the 
body and participates in the process of immune 
damage in humans [10]. In a previous study, it 
was shown that activation of the NF-κB pathway 
in RA patients resulted in the release of several 
inflammatory factors (e.g., TNF-α and IL-6) [11]. 
D-dimer (D-D) is produced by the degradation 
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of cross-linked fibrinogen and its expression 
has been shown to be related with joint activity 
in RA patients. Long-term high expression of 
D-D has been associated with poor RA progno-
sis [12].

In this study, expression of D-D in RA was evalu-
ated and its correlation with inflammatory fac-
tors IL-1, IL-6, and TNF-α was investigated.

Materials and methods

General data

A total of 138 RA patients were enrolled. They 
were treated in Weifang People’s Hospital 
between March 2015 to March 2016. All 
patients met RA diagnostic criteria issued by 
the 2015 edition of American College of Rh- 
eumatology and the European League Against 
Rheumatism. RA patients included 45 males 
and 92 females, with ages ranging from 33 to 
75 years old and mean age of 56.4±13.5. 
Patients were initially placed in an observation 
group, then divided into 3 subgroups based  
on RA Disease Activity Score28 (DAS28; DAS28 
= 0.56 * √ (number of joints with pain) + 0.28 * 
√ (number of swollen joints) + 0.70 * InESR + 
0.014 * health status score): 52 cases in  
group A (DAS28>5.1), 42 cases in group B 
(3.2<DAS28≤5.1), and 44 cases in group C 
(1.6<DAS28≤3.2). In addition, 100 healthy vol-
unteers (35 males and 65 females aged 27-77 
years with mean age of 55.6±12.7), visiting 
Weifang People’s Hospital for physical exami-
nation during the study period, were included 
as the control group. This study was approved 
by the Medical Ethics Committee of Weifang 
People’s Hospital and signed consent was 
obtained from all subjects.

Inclusion criteria: Patients over 18 years of  
age that had not taken non-steroidal anti-
inflammatory drugs and immunosuppressive 
drugs, recently; No blood relationship between 
patients; No familial genetic diseases; No 
memory impairment, autism, and hearing im- 
pairment.

Exclusion criteria: Patients suffering from hy- 
pertension, respiratory diseases, and digestive 
system diseases; No surgery performed in the 
past 3 years; Patients that did not cooperate 
with treatment or follow up visits; Patients with 
incomplete clinical information.

Main reagents and instruments

The main reagents and instruments were  
the D-D detection kit, rheumatoid factor kit, 
C-reactive protein (CRP), and enzyme-linked 
immunosorbent assay (ELISA) kit (all purchas- 
ed from Shanghai Yu Bo Biological Technology 
Co., Ltd.).

Detection methods

Blood collection was carried out in the morning, 
after fasting. A total of 3 mL fasting venous 
blood was collected in a sodium citrate anti-
coagulation tube and mixed. Subsequently, 
expression of D-D (immunoturbidimetry) and 
rheumatoid factor (RF, rate nephelometry) was 
determined using Hitachi 7600 automatic bio-
chemical analyzer. Moreover, levels of CRP  
and erythrocyte sedimentation rate (ESR) we- 
re determined using an immunoturbidimetric 
instrument and an automatic ESR analyzer, 
respectively.

ELISA method: For each patient, a total of 3  
mL of venous blood was collected in an EDTA-k 
tube and centrifuged at 4°C and 3,000 rpm for 
5 minutes. Supernatant was collected into an 
EP tube and stored at -80°C for future use. To 
determine expression levels of IL-1, IL-6, and 
TNF-α in the blood samples, ELISA assays we- 
re performed, in strict accordance with manu-
facturer instructions (Beyotime Biotechnology 
Research Institute). Briefly, a coating solution 
was used to achieve the required concentration 
of the surface antigen of hepatitis B virus, 
which was subsequently added into the plate 
with 200 µL in each well. The plate was then 
incubated overnight at 4°C and washed once 
with double distilled H2O. Next, wells were 
blocked by the addition of 200 µL blocked  
solution (Beyotime Biotechnology Research 
Institute) into each well and incubated at room 
temperature for 1 hour. Subsequently, blood 
samples were added into appropriate wells.  
A negative control group, positive control gr- 
oup, and blank control group were established 
by addition of 50 mL. After adding the enzy- 
me-labeled antibody provided with the kit, the 
plate was mixed, sealed, and incubated at 
37°C in a constant temperature water bath for 
45 minutes. Next, the plate was washed 5 
times for 30 seconds - 1 minute using a pre-
made cleaning fluid (Beyotime Biotechnology 
Research Institute). Finally, samples were sub-
jected to color development by addition of  
100 µL of substrate into each well and the  
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plate was incubated at 37°C for 15 minutes. 
The reaction was terminated by addition of  
50 µL of 2 mol/L sulfuric acid into each well 
and color development was visualized within 
15 minutes.

Statistical methods

SPSS 22.0 software (Chicago, IL, USA) was 
used to analyze collected data and GraphPad 
Prism 5 software (Cabit Information Technology 
Co., Ltd.) was used to plot graphs. All measure-
ment data are presented as mean ± standard 
deviation (

_
x  ± sd) and analyzed using t-tests. 

All count data are presented using percentage 
(%) and evaluated using Chi-square tests. When 
the variance was homogenous, overall compar-
isons were performed using F tests and multi-
ple comparisons were performed using least 
significant difference method. In addition, wh- 
en variance was not homogenous, overall com-
parisons were performed using the Welch-
Aspin test and multiple comparisons were per-
formed using Dunnett’s T method with Spear- 

Using the DAS28 score, RA patients in this 
study were divided into subgroups A (n = 52),  
B (n = 42), and C (n = 44). When comparing D-D 
expression levels in these groups, it was found 
that overall expression of D-D was significantly 
different between groups (F = 66.62, P =  
0.01). Moreover, significant differences were 
observed between groups A and B (t = 2.17,  
P = 0.03), between groups A and C (t = 4.28, P 
= 0.01), and between groups B and C (t =  
2.48, P = 0.02). In addition, compared to D-D 
expression levels in the control group, expres-
sion levels in groups A, B, and C were higher  
(t = 16.35, P = 0.01; t = 11.66, P = 0.01; t = 
7.67, P = 0.01 respectively), as shown in Table 
3 and Figure 1.

Analysis of correlation between D-D expression 
in the observation group and clinical indexes 
in RA patients

In the observation group, D-D expression was 
significantly correlated with clinical indexes in 

Table 1. General data
Observation 

group (n = 138)
Control group 

(n = 100) t/χ2 P

Gender 0.14 0.69
    Male 45 35
    Female 93 65
Age (years) 0.20 0.66
    >55 65 50
    ≤55 73 50
BMI (kg/m2) 23.54±1.68 23.60±1.75 0.27 0.79
WBC (109/L) 4.58±1.73 4.50±1.66 0.36 0.72
Hb (g/L) 148.36±35.54 149.02±34.64 0.14 0.89
History of diabetes mellitus 0.29 0.59
    Yes 85 65
    No 53 35
Degree of education 0.09 0.77
    <High school 62 43
    ≥High school 76 57
Smoking 0.46 0.50
    Yes 50 32
    No 88 68
Excessive drinking 1.10 0.29
    Yes 10 4
    No 128 96
Domicile 0.11 0.74
    Village 77 58
    City 61 42
Note: BMI, body mass index; WBC, white blood cell; Hb, hemoglobin.

man’s linear correlation anal-
ysis. P values of less than 
0.05 were considered statisti-
cally significant.

Results

Analysis of basic patient 
characteristics

Table 1 shows no significant 
differences in terms of sex, 
age, and other indicators of 
routine blood tests between 
the control group and obser-
vation group (all P>0.05).

Comparison of expression 
levels of D-D, CRP, ESR, and 
RF between groups

Comparison between the two 
groups of patients demon-
strated that expression levels 
of D-D, CRP, ESR, and RF were 
significantly lower in the ob- 
servation group than normal 
control group (all P<0.05). 
See Table 2.

Expression levels of D-D in 
different subgroups of the 
observation group
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Table 3. Expression levels of D-D among differ-
ent subgroups

Case D-D (µg/L) F P
Group A 52 1,882.62±874.65 66.62 0.01
Group B 42 1,484.53±892.68
Group C 44 1,032.47±784.84
Control group 100 394.65±188.41
Note: D-D, D-Dimer.

Table 2. Comparison of expression levels of D-D, CRP, ESR, 
and RF between the two groups

Observation group 
(n = 138)

Control group  
(n = 100) t P

D-D (µg/L) 1,684.86±984.50 394.65±188.41 12.93 0.01
CRP (mg/L) 87.54±43.82 4.15±2.44 18.99 0.01
ESR (mm/H) 73.88±27.21 22.58±6.84 18.43 0.01
RF (IU/mL) 324.32±258.60 21.11±6.84 11.72 0.01
IL-1 (pg/mL) 7.84±0.98 1.10±0.15 68.16 0.01
IL-6 (pg/mL) 45.88±28.94 2.25±0.71 15.06 0.01
TNF-α (pg/mL) 86.55±49.51 22.37±13.37 12.63 0.01
Note: D-D, D-Dimer; CRP, c-reactive protein; ESR, erythrocyte sedimentation 
rate; RF, rheumatoid factor; IL-1, interleukin-1; IL-6, interleukin-6; TNF-α, 
tumor necrosis factor-α.

Figure 1. Expression levels of D-D among different 
subgroups. ΔThe expression level of D-D in group 
A was statistically different from that in group B  
(t = 2.17, P = 0.03); #expression level of D-D in group 
A was statistically different from that in group C  
(t = 4.28, P = 0.01); #expression level of D-D in group 
B was statistically different from that in group C  
(t = 2.48, P = 0.02); *expression level of D-D in group 
A was significantly different from that in the control 
group (t = 16.35, P = 0.01); *expression level of D-D 
in group B was significantly different from that in con-
trol group (t = 11.66, P = 0.01); *expression level of 
D-D in group C was significantly different from that in 
the control group (t = 7.67, P = 0.01).

RA patients, including age, CRP, 
ESR, RF, IL-1, IL-6, and TNF-α (all 
P<0.05). As shown in Table 4, gen-
der, body mass index, white blood 
cell count, hemoglobin, history of 
diabetes mellitus, education back-
ground, smoking history, alcohol 
drinking history, and place of resi-
dence were not different between 
groups (all P>0.05).

Discussion

RA is the most disabling arthritic 
disease. However, the underlying 
mechanism of the pathogenesis of 
RA remains elusive [13]. Currently, it 

is believed that the pathogenesis of RA invo- 
lves activation of CD4+ T-cells that subsequent-
ly bind to tissue-related cells (major histocom-
patibility complex class-II, antigen presenting 
cells), possibly causing activation of synovial 
macrophages and leading to increased secre-
tion of several inflammatory factors (IL-1, IL-6, 
and TNF-α) [14].

A marker of cross-linked fibrin, D-D is a product 
generated by the dissolution of fibrin after 
blood coagulation with a low molecular weight. 
Therefore, D-D can be used as an early indica-
tor of coagulation dysfunction [15]. However, in 
recent years, increasing evidence has shown 
that D-D not only exists in the process of throm-
bosis and coagulation but also in the process 
of traumatic stress and chronic inflammation 
[16]. In addition, a previous study demonstrat-
ed that expression of D-D plays an important 
role in RA development [17]. In this present 
study, D-D expression in serum between he- 
althy subjects and RA patients were compared, 
showing that D-D levels in serum obtained from 
healthy subjects were significantly lower than 
in RA patients. These findings indicate that D-D 
expression might be used as a diagnostic index 
for RA.

IL-1 is a secretory product of mononuclear mac-
rophages. High levels of IL-1 have been detect-
ed in synovial fluid and serum obtained from RA 
patients. High levels of IL-1 are associated with 
cartilage injury in RA patients. In addition, IL-1 
induces T-cells and B-cells to produce several 
cytokines and antibodies [18]. A small mole-
cule polypeptide, IL-6 plays a key regulatory 
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Table 4. Correlation analysis between expres-
sion of D-D and clinical indexes

r P
ESR 0.43 0.01
RF 0.58 0.01
IL-1 0.78 0.01
IL-6 0.82 0.01
TNF-α 0.82 0.01
Age 0.25 0.01
CRP 0.58 0.01
Gender 0.85 >0.05
BMI 0.51 >0.05
WBC 0.69 >0.05
Hb 0.52 >0.05
History of diabetes mellitus -0.51 >0.05
Degree of education 0.71 >0.05
Smoking 0.56 >0.05
Excessive drinking 0.61 >0.05
Domicile 0.24 >0.05
Note: ESR, erythrocyte sedimentation rate; RF, rheuma-
toid factor; IL-1, interleukin-1; IL-6, interleukin-6; TNF-α, 
tumor necrosis factor-α; CRP, c-reactive protein; BMI, 
body mass index; WBC, white blood cell; Hb, hemoglo-
bin.

role in cellular apoptosis and proliferation. 
Moreover, a previous study has shown that, 
when secreted by macrophages, B-cells, T- 
cells, and IL-6 promotes macrophages to indi-
rectly activate fibroblasts and release a large 
amount of vascular endothelial growth factor, 
leading to the formation of pannus and narrow-
ing of joint space. Therefore, IL-6 has been con-
sidered an important factor in development of 
RA [19]. On the other hand, an important proin-
flammatory factor in development of inflamma-
tion, TNF-α levels in serum and joint fluid of RA 
patients have been reported in many studies 
[20, 21]. In addition, in another study, it was 
shown that secretion of TNF-α promotes IL-6 
expression in synovial fibroblasts of RA patients 
[22]. In this current study, it was demonstrated 
that expression of IL-1, IL-6, and TNF-α in serum 
from RA patients was significantly higher com-
pared to the control group, consistent with 
results presented by Hata et al. [23]. Thus, 
these results further prove that expression of 
IL-1, IL-6, and TNF-α may be used as diagnostic 
criteria for RA.

One of the most common indicators of inflam-
mation, CRP effectively reflects the degree of 
inflammation in RA patients. In addition, an 

important indicator for diagnosis of RA, RF is of 
great significance for classification, treatment, 
and observation of RA. ESR is an index of rou-
tine clinical tests and plays a guiding role in 
dynamic observation of changes in the condi-
tion of RA patients. This present study deter-
mined levels of CRP, RF, and ESR and found 
that expression levels of these factors in the 
control group were significantly higher than in 
the observation group. Moreover, it was found 
that expression of D-D positively correlated to 
levels of IL-1, IL-6, TNF-α, CRP, RF, and ESR. 
Subgroup analysis showed that expression of 
D-D in subgroups, divided based on the DAS28 
score, was significantly different with higher 
levels of D-D expression found in groups with 
higher levels of swelling joints and pain. Fur- 
thermore, ESR expression corresponded with 
levels of D-D expression, indicating that D-D is 
a more sensitive observation index for evaluat-
ing occurrence and development of RA.

This present study, however, has several limi- 
tations. The number of RA patients in this stu- 
dy was relatively small and D-D expression, dur-
ing occurrence and development of RA, was  
not investigated in great detail. Therefore, fu- 
ture studies should have increased sample 
sizes more detailed investigation of D-D ex- 
pression in RA.

In summary, D-D may be used as a non-specific 
inflammatory response index for clinical diag-
nosis of RA and may assist in guiding clinical 
treatment of RA.
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