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 Adiponectin considered the most abundant adipokine in the body, is a 

prime example. The development of RA causes the irreversible joint 

deformity, disability, and a decrease in quality of life. The study aimed 

to investigate the role of Adiponectin in rheumatoid arthritis patients 

under biological treatment (ETN, and RTX) and their correlation with 

Disease activity. During December 2021 and May 2022, case-control 

research was conducted. The current study included 100 RA patients 

from Iraq who had registered consultations with rheumatologists. The 

American-European Consensus Group classification criteria for RA 

diagnosis and patients were chosen to receive ETN and RTX by the most 

recent recommendations, and 50 healthy control group. ELISA was used 

to assess anti-CCP abs and serum adiponectin in RA patients and control 

groups. In the comparison, the level of Adiponectin in the serum of RA 

patients under DMARDs was significantly higher (p<0.001) than in the 

control group. The correlation between auto-antibody (anti-ccp) and 

adiponectin was a highly significant (r = . 533∗∗ ). There is a highly 

significant correlation between moderate and high CDAI, p-value 

<0.001. In addition to There are an association of adiponectin with 

biological treatment (OR = 1.003, p-value = .001, 95% CI = 1.002- 

1.005). The sensitivity and specificity of adiponectin were (1.0, 0.80) 

respectively by ROC curve with cut of point (400,603) pg/gm. The 

current study concluded high levels of circulating Adiponectin in RA 

patients have been linked to increased disease activity and disability. 

Despite continuing to receive Etanercept and Rituximab treatment, there 

was a positive correlation between the serum levels of adiponectin and 

the specific diagnostic autoantibody Anti-CCP abs level in patients with 

rheumatoid arthritis. As a result, it has been hypothesized that this 

adipokine may have pro-inflammatory effects in rheumatoid arthritis. 
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1. Introduction 

Rheumatoid arthritis (RA) is a chronic, inflammatory, systemic autoimmune disease, that affects the joints 

with varying severity among patients. The risk factors include age, gender, genetics, and environmental 

exposure (air pollutants, cigarette smoking and occupational) [1]. Patients with RA commonly experience 

joint pain, functional impairment, a decreased quality of life, and risk of progressive joint degeneration. The 

purpose of treatment for RA is clinical remission, which is characterized as the absence of any clinical 

symptoms or signs of disease activity [2]. Adipokines, a class of cytokines, enzymes, and peptide hormones 

secreted by adipose tissue that are essential to both physiological and pathological processes, are among the 

numerous biologically active substances that are produced [3]. Adiponectin is a secretory product of 

adipocytes, cells with a very metabolically active white adipose tissue. The tissue secretes a number of 

biologically active substances, such as various cytokines, enzymes, and peptide hormones called 

adipokines, which play an important role in both physiological and pathological processes [3]. Among 

others, the secretory products of adipocytes may participate in modulating immune and inflammatory 

responses [4]. Adiponectin's potential contribution to RA is a topic of active research. There have been 

conflicting reports regarding its function in RA. As its serum level positively correlates with disease activity 

or radiographic progression, adiponectin may function as an inflammatory mediators [5]. Clinical disease 

activity (CDAI) considers an important requirement of the RA, which lead to treatment decision-making 

because symptom relief appeared to be the primary important goal and the concept of aiming for disease 

states like remission and low disease activity appeared to be at best aspirational [6]. Several studies indicate 

that Adiponectin plays a pro-inflammatory role in the pathogenesis of RA despite its well-known anti-

inflammatory role in the pathogenesis of obesity, diabetes, and atherosclerosis [7]. White adipose tissue 

secrete this protein (Adiponectin), which has both pro- and anti-inflammatory properties, Adiponectin 

perform a number of essential biological processes, including fatty acid biosynthesis and liver-specific 

inhibition of gluconeogenesis [8]. One of the major clinical challenges is the fact that many RA patients 

continue to experience joint inflammation despite taking synthetic or biologic disease-modified anti-

rheumatic drugs (biologic DMARDs) or other anti-rheumatic [9]. The systemic function of Adiponectin 

might be different from the local function it has in the inflamed synovium. 

 

2. Objective 

In the current study, we aimed to investigate whether the blood levels of adiponectin represent the clinical 

phenotype of RA patients and/or correlate with severity of the disease and responsiveness to anti-TNF 

therapy (Etanercept), and anti-B cell therapy (Rituximab). 

 

3. Methodology 

The case-control study began in December 2021-May 2022. There were Hundred Iraqi RA patients in the 

current study; these RA patients have registered attendances of rheumatologists. These RA patients were 

classified into two groups. Fifty patients were a first RA group of patients were treated with TNFα inhibitor 

(Etanercept), the second group were treated with anti-B cell depletion (Rituximab), third group fifty 

individuals as the control group. They were healthy, age-matched individuals who were randomized and 

selected for comparison. 

 

The study protocol was approved by the medical facilities in Baghdad, the Rheumatology Consultation 

Clinic in Baghdad Teaching Hospital and Patients Lobby for Biological Treatment and National Centre for 

Teaching Laboratories. The ethics committees of universities and Baghdad Teaching Hospital were 

confirmed in a present study. 

 

Rheumatoid arthritis patients were chosen as treated with DMARDs methotrexate (MTX), etanercept 
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(ETN), and rituximab (RTX). These patients have other diseases like diabetes mellitus, and Hypertension 

were inclusion. While Malignancy, Other autoimmune diseases, Pregnancy, and Current infectious disease 

were excluded. 

 

During the course of the clinical examination, Blood samples were taken in a completely arbitrary manner. 

After allowing the blood to coagulate at 37˚C degrees Celsius, eight ml of venous blood was drawn from 

each patient and the control group and spun at 3000 RPM for 15 minutes. Separated serum was stored until 

further examination at a temperature of –20 ˚C. 

 

Estimation of Adiponectin was based on sandwich enzyme-linked immune-sorbent assay technology 

(MyBioSource, USA). Capture antibody was pre-coated onto 96-well plates. And the biotin conjugated 

antibody was used as a detection antibody. The standards, test samples, and biotin conjugated detection 

antibody were added to the wells subsequently and washed with wash buffer. HRP-Streptavidin was added 

and unbound conjugates were washed away with wash buffer. TMB substrates were used to visualize HRP 

enzymatic reaction. TMB was catalyzed by HRP to produce a blue color product that changed into yellow 

after adding an acidic stop solution. The density of yellow is proportional to the target amount of sample 

captured in the plate. Read the O.D. absorbance at 450nm in a microplate reader, and then the concentration 

of adiponectin can be calculated. 

 

The inflammatory characters of the disease like ESR, and CRP were conducted. Biochemical tests were 

measured with a biochemical auto-analyzer (Selectra Pro XL System of a biochemical auto-analyser), for 

the two groups of RA patients as a routine work before giving a biological DMARDs such as (blood urea, 

serum creatinine, S.GOT, and S. GPT). 

 

The patients in our study were subjected to comprehensive clinical and biochemical evaluations throughout 

the course of ETN treatment. The Clinical Disease Activity Index (CDAI) was employed to determine the 

level of disease activity, and relevant validated cut-offs were utilized in order to identify remission, low 

disease activity, moderate disease activity, and high disease activity [10]. A disease activity score between 

≥ 2.8 and ≤ 10.0 (Low disease activity state according to any of the validated composite disease activity 

measures that include joint counts). Activity of the disease is classified as either moderate (10.0 ≤ 22.0) or 

high (> 22.0). 

 

All Data were entered by IBM SPSS version 28.0. These data were analysed using calculations to determine 

their normality, homogeneity, or normal distribution, as well as their mean and standard error of the mean. 

Both an independent T-test and an ANOVA table were utilized in the investigation of the probability as 

well. In the case of non-parametric data, the chi-square test developed by Pearson was utilized to calculate 

the likelihood. In addition, the Pearson correlation coefficient or the spearman coefficient was used to 

investigate the question of whether or not there is a connection between the variables. However, estimated 

the association of ADPN with biological treatment (ETN, RTX), was statistically clarified as (OR, P-value, 

CI 95%) [11]. In addition to conducting receiver operating characteristics (ROC) curve analysis to detect 

the specificity and sensitivity. 

 

4. Results 

 

4.1 Estimation of Adiponectin levels 

The finding levels of adiponectin in the two groups of RA (ETN, RTX) were (511.64 ± 46.85 pg/ml vs 

1486 ± 511.14 pg/ml) in comparism with the control group (316.27 ± 56.51 pg/ml). All findings of these 
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adiponectin were statistically significant between the studied groups (p<0.05). The results are illustrated in 

table 1. 

 

Table 1: Estimation of Circulating Adiponectin level in studied groups. 

Note: SD: standerd deviation, pg/ml: picogram per mililiter. The letters in the comparisons above referred 

to ANOVA table (Duncan test) between the three group: the different letters referred to a significant 

difference. The significant at the 0.05 level (2-tailed). 

 

4.2 Comparison between ADPN and CDAI groups 

In the table 2, Serum adiponectin observed a highly significant association (P< 0.001) results with moderate 

and high activity of the two RA groups. In addition to a significant association (P< 0.05) with the low 

activity of RA between the two RA groups of biological treatment 

 

Table 2. The Adiponectin levels and Clinical disease activity index 1. 

CDAI groups Adiponectin level (pg/ml) mean ± SD 

ETN  RTX  P-value 

Low activity 44.90 ± 24.29 1681.66 ± 589.71 P < 0.05 

Moderate activity 53.89 ± 31.64 1390.61 ± 412.24 P < 0.001 

High activity 36.80 ± 4.60 412.24   ±   56.51 P < 0.001 

 

4.3 Correlation between Adiponectin and measured parameters of RA. 

The correlations of adiponectin and demographics and inflammatory characters of RA in the ETN group. 

The results in Table 3 indicate that adiponectin was correlated positively with gender, ESR, and Anti-ccp 

abs. and negatively with CRP and did not correlate with age, and duration of disease. According to the RTX 

group, Adiponectin shows a positive correlation with age, ESR, anti-ccp Abs, and CRP. While negative 

correlation with the duration of disease. 

 

Table 3. The correlations between Adiponectin and inflammatory markers among ETN and RTX. 

Characters of RA  Adiponectin 

ETN RTX 

Age R .110 .224* 

Gender R .221* .126 

Duration of disease(years) R .075 -.141 

Adipokine 

 

ETN RTX Control 

mean ± SD 

Adiponectin 511.64 ± 46.85B 1486.70 ± 511.14A 316.27 ± 56.51C 
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Inflammatory characters 

ESR( mm/hr) R .297* .414** 

CRP(+, -) rs 
-.305* .240* 

Anti-CCP(u/ml) R 513** .670** 

,**. Correlation is  significant at the 0.01 level (2-tailed). *. Correlation is significant at the 0.05 level (2-

tailed). r : pearson coefficient correlation. rs : sperman coefficient correlation 

 

4.4 Estimation of ADPN regression with biological treatment 

According to present in the current study of the relationship between anti-CCP and ADPN. Table 4. 

clarified the association of ADPN with biological treatment. We created a logistic regression model for 

ADPN concerning the variables in patients with RA independent of CRP against the two types of biological 

treatments then adjusted with variables; statistically considered in bivariate analysis, and the results were 

(OR = 1.003, 95% CI = 1.002-1.005, P-value = <0.001). Current results showed that increased Adiponectin 

is considered a risk factor for RA patients. 

 

Table 4. Logistic regression model for adiponectin with ETNand RTX 

Parameter OR 95% CI P-value 

Adiponectin level 1.003 1.002-1.005 <0.001 

OR: odd ratio, 95% CI (confidence interval 95%). a. Var entered on step 1: Adiponectin level 

 

4.5 The ROC for adiponectin 

Adiponectin was conducted using Receiver operating characteristics (ROC) curve analysis. It was also used 

to determine the best cutoff point for ADPN in a medical test. Table 5. and figure 1), depict the area of 

cutoff between sensitivity and complement values of specificity, as well as significant levels for testing area 

parameters (P < 0.001), with 95% confidence intervals. The cut-off value for serum ADPN (400.603 

pg/ml). The area under the curve (AUC) for ROC curve analysis for serum ADPN (0.960) at the time of 

biological treatment (ETN, RTX) demonstrates the high diagnostic power of tests. Furthermore, markers 

concerning the area under the ROC curve accounted for highly significant discrimination at P<0.001, and 

95% CI for ADPN was (0.926 – 0.994). The sensitivity of ADPN (was 1.0), and the specificity was (0.80). 

 

Table 5. Receiver Operating Curve of the adiponectin for the diagnosis of Rheumatoid arthritis patients. 

Adipokine Cut-off 

Point 

AUC Sig. 95% CI Sensitivity 1- 

Specificity 

ADPN 400.603 0.960 P < 0.001 0.926 – 0.994 1.0 0.80 

*Highly Sig. at P<0.001 
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Figure 1. Receiver operating curve (ROC) of the adiponectin for the diagnosis of Rheumatoid arthritis 

patients. 

 

5. Discussion 

The current study focused on circulating Adiponectin and its relationship with CDAI in RA patients who 

were still treated Etanercept. The finding of current study agree with research conducted in Poland, that 

found serum adiponectin levels correlated with CRP only in patients with RA duration ≥ 8 years [12]. Also, 

agree with Korean study [13]. These findings could be explained by the fact that Adiponectin acts as an 

enhancer of the inflammatory response in RA by inducing inflammatory mediators from RA synovial 

fibroblasts [14]. On the other hand, the explanation for this is that adiponectin possesses both anti- and pro-

inflammatory qualities, and it has been postulated that an increase in adiponectin levels within the blood is a 

protective mechanism that serves to counterbalance both systemic and local inflammation [15]. 

 

According to the RTX, the group was the higher level of ADPN, this might be due to: It being an anti-

inflammatory protein produced primarily by adipocytes/macrophages [13]. Therefore, this increase might 

be due to adiponectin inhibiting proinflammatory cytokines such as tumor necrosis factor (TNF-α), 

interleukin-6, and adhesion molecules [16]. Adiponectin plays a role in modulating inflammatory responses. 

Adiponectin, on the other hand, has pro-inflammatory effects on immune system cells. Endothelial cells, 

monocytic cells, and synovial fibroblasts can produce more IL-6 and metalloproteinase when exposed to 

adiponectin. In the process of the immune response, inflammation, and matrix degradation in the RA 

inflammatory joint, adiponectin acts as an enhancer of the inflammatory response. Furthermore, the 

findings indicated that an increase in adiponectin levels in RA Iraqi patients could be attributed to a high 

level of stress or their lifestyle. 

 

There were two types of correlations. Firstly, ADPN with characteristics of RA for patients continued on 

Etanercept. Our results disagree with a study on Korean RA patients, which clarified no correlation between 

RA Disease activity and ADPN [13]. In contrast with this disagreement, Adiponectin's anti-inflammatory 

properties may play a role in the pathogenesis of RA. Adiponectin inhibits the expression of adhesion 

molecules, inhibits macrophage activity, and inhibits nuclear factor (NF-kB signaling), all of which 

contribute to the modulation of the inflammatory response. TNF-a and IL-6 are examples of inflammatory 

cytokines that inhibit the transcription of adiponectin [13]. So adiponectin remained strongly connected 

with radiographic development over 4 years and had strong correlations with IL6 [17]. Adiponectin may be 

directly involved in the pro-inflammatory processes that result in RA, as suggested by our findings that 

serum adiponectin levels are related to the future risk of developing RA. Due to the current study's 

limitations, other studies have shown that adiponectin can also stimulate an inflammatory response in a 
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variety of cell types involved in the pathogenesis of RA, including lymphocytes, osteoblasts, chondrocytes, 

and fibroblast-like synoviocytes; In a population with a high risk of developing RA, circulating adiponectin 

levels are also linked to pro-inflammatory cytokines [18]. The previous finding revealed an agreement with 

(Zhang et al.). We suggest for the detection of ADPN activity, genotyping for its 3 major complexes should 

be done. The correlations of ADPN with the characters of RA showed Adiponectin did not correlate with 

age in ETN group of RA patient. This outcome disagreed with [19]. While ADPN had apositive correlation 

with RTX group and agreed with [19]. These variation of ADPN correlation with age could explained by 

insufficient effect of ETN in comparison with RTX drug. while had a positive correlation with gender and 

agreement with (Mancuso & Bouchard, 2019); they were explained: Adipose tissue is primarily found in 

the gluteal femoral subcutaneous compartment in premenopausal women, and this is linked to a lower risk 

of cardiovascular disease than abdominal fat deposition. This is because subcutaneous gluteal femoral 

adipose tissue depots express estrogen receptor alpha (ER), which promotes lipoprotein lipase activity and 

triacylglycerol accumulation in adipocytes in this area. Women's estrogen levels fall after menopause, while 

the ratio of androgen to estrogen rises. As a result, there is a redistribution of lipids to the visceral adipose 

tissue compartment, which raises the risk of hypertension and cardiovascular disease, while in men the 

expansion of the visceral and subcutaneous compartments in the abdomen, which occurs more frequently 

above the waist in older men, has been linked to declining testosterone levels. Male testosterone levels peak 

during puberty in men, start to decline between the ages of 20 and 30 by 1% annually and reach their lowest 

point after the age of 70 [19]. There were no correlations between age and duration of disease with 

adiponectin, which is consistent with the age of RA Iraqi patients and the age of five Arab countries, 

according to a study conducted a recent study [20], and disagreement with the same study in character of 

the duration of disease which found a positive correlation with RA disease, but in our RA patients, there 

was no correlation. This finding might be due to the Iraqi lifestyle or due to the research sample size. There 

was a negative correlation between BMI and Adiponectin in RA patients; these were in agreement with a 

study conducted in France, where RA patients with a high level of serum adiponectin with radiographic 

joint damage [21]. The positive correlation between ADPN (ESR, Anti-ccp) was statistically significant.; 

these findings might be elucidated a relationship between Adiponectin with CDAI in our current study. The 

results agree with a Japanese study [22]. A correlation of ESR with ADPN has been explained by the fact 

that the adiponectin stimulated the production of pro-inflammatory factors such as IL-6, and IL-8 in 

fibroblast-like synoviocytes (FLS) of RA patients [23], and due to the presence of inflammation, the ESR 

will be elevated. Finally, the negative significant correlation between ADPN and CRP findings might be 

due to immunosuppressive drugs or DMARDs [24] which uses for the management of RA, and finally, 

leads to depression in the immune system of RA patients and causes any inflammation with high titer of 

CRP. So the idea is to prevent any inflammation in the body, a physician control this process by check up 

patients in routine work laboratory diagnosis before DMARDs taking. Therefore, ADPN at this point may 

act anti-inflammatory factor. On another side suggested that adipokines play a crucial role in fusing 

systemic metabolism with immune function. They have both pro- and anti-inflammatory properties. 

Proinflammatory adipokines decrease and anti-inflammatory adipokines rise during calorie restriction and 

starvation, alerting the host to energy deficits and aiding in the suppression of immune function. Pro- and 

anti-inflammatory adipokines are in balance in people with normal metabolic conditions [25]. So biological 

therapy attempts to quell the virulence of RA by returning the body to a near-normal state. 

 

The second correlation between ADPN and RA patients continued on Rituximab. The finding of ADPN is 

statistically a high significant with inflammatory markers (ESR, anti-ccp, and CRP). our results agree with 

[22], and the outcomes disagree with [13]. These outcomes confirm its association with CDAI and agree 

and RTX-treated patients experienced the skin lesions associated with psoriasis. It is hypothesized that 

RTX-induced B-cell population depletion may cause T-cell population upregulation and the onset of 
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psoriasis [26] under this hypothesis, when T-cell upregulation; Events will follow in the increased severity 

of RA. Th1 when activated in RA, secrete pro-inflammatory cytokines such as IL-2 and TNF-α. Also, it 

activates macrophages to act as an APC to present MHC-II molecules to the T-cells. Th17 and regulatory T 

(Treg) cells are two additional T-cell subsets that are important in the pathogenesis of RA. Th17 cells 

primarily secrete IL-17, which promotes the production of cytokines, and matrix metalloproteinases that are 

pro-inflammatory (MMPs) and play a pathogenic role in the progression of cartilage [27]. 

 

The sensitivity and specificity of ADPN Show that adiponectin might be associated with radiographic 

progression over 8 years of disease duration. This outcome agreed with [17], who clarified that ADPN is 

involved with radiographic progression over 4 years. Our findings depicted (> 8 years) these connections 

with environmental, and genetic factors of RA patients. These findings were consistent with a significant 

correlation of ADPN with anti-cyclic citrullinated peptide Abs, and other inflammatory markers of RA. 

 

The current result indicated a multivariable logistic regression study on the RA patients group receiving 

biological therapy (ETN). When Adiponectin is the only factor considered, the relationship between 

adiponectin levels and ETN therapy for RA, and is statistically significant with consideration as a risk factor 

for RA with these findings (OR: 1.003, 95% CI: 1.002–1.005, p < 0.001). independent of CRP and duration 

of disease. These findings were in agreement with a study from Sweden [18]. Adiponectin levels are linked 

to the risk of developing RA in patients who continue to take ETN and RTX. According to recent data 

supporting the idea that this adipokine may be involved in the pathogenesis of RA. 

 

6. Conclusion 

Adiponectin was associated with the progression of the disease and joint damage in RA patients, suggesting 

that this adipokine could be a useful predictor of these outcomes. Despite of the RA patients’ continuing 

taken biological treatment. 
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