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ABSTRACT 

Introduction: There are similarities in the level of cytokines in Rheumatoid Arthritis (RA) and 

depression. That is why, during usage of Disease-modifying antirheumatic drugs (DMARDs) which 

modulate the the level of cytokines may influence both depression and RA 

The aim of the study: The aim of this article is to find out in what way do the  DMARDs influence the 

depression. 

Material and method: The research of the scientific articles was made on a database of PubMed and 

Google Scholar. 

Description of the state of knowledge: The results show, that most of the  DMARDs may decrease the 

level of depression what is connected with the way of how these medicines influence the level of 

cytokinese. There are some exceptions such as Chloroquine and anakinra which will increase the 

probability of depression and there is adalimumab where the is case report which presents one case of 

appearance of depression after taking this medicine. 

Summary: This article gathers scientific research on the influence of  DMARDs on depression. It 

shows the mechanisms, and possible ways in which these medicins influence both RA and depression. 

For some of the  DMARDs there are no scientific articles which would include their influence on 

depression and it might be the way of further researches. 

 

Key words: Rheumatoid Arthritis, Disease-modifying antirheumatic drugs, depression; 

 

Introduction 

 Although the causes of depression are unfortunately not sufficiently understood, it is said that 

its occurrence may be due to, among others, genetic predisposition, difficult childhood events, current 

stress, biologically conditioned sensitivity to the seasonal deficit of sunlight or certain personality traits 

such as pessimism, self-disbelief, excessive criticism towards oneself and others, perfectionism, 

excessive dependence on the approval and acceptance of other people, inability to express anger and 

direct it outside [1]. The association of biological mechanisms of depression with chronic stress 

undermines the traditional division of the disease [2]. The new concepts contain intuitions that 

depression is a disease of the body with significant disturbances in the mechanisms of human biology, 

but also a disease associated with difficult life events or problems in achieving life goals. Since the 

etiology of depression is complex, the terms that indicate the type of depression allegedly caused by 

one cause should disappear from the medical language. Concepts such as endogenous depression, 

psychogenic depression, and somatogenic depression are particularly confusing. Unfortunately, these 

inaccurate terms are deeply rooted in the Polish psychiatric and psychological tradition, and are still 

used, which leads to misunderstandings. 

 In turn, rheumatoid arthritis is a chronic inflammatory disease that affects the joints. The 

essence of the disease is the inflammatory process that begins inside the joint. An unknown factor 

stimulates the synovial membrane that lines the joint to an inflammatory response. It enlarges and 

destroys the adjacent structures - cartilage, bones, ligaments and tendons [3]. This is manifested 

initially by pain and swelling, followed by irreversible damage and loss of mobility of the joint. 

Inflammation of the cartilage and other structures of the joint favors the formation of secondary 

degenerative changes. The development of rheumatoid arthritis is increased by various injuries to the 
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locomotion system, chronic infections, working in cold, wet conditions, etc. A characteristic symptom 

of RA is also the presence of subcutaneous, painless nodules, occurring in places of increased pressure, 

such as the ulnar process of the humerus. The causes of RA include, among others, hereditary burden, 

female gender, infection with certain pathogens, smoking, stress or a defect in the immune system [4], 

which leads to the misidentification of one's own tissues as an "enemy" and the production of 

autoantibodies to destroy them. Several genes responsible for this process have been identified 

(including the HLA DRB1 histocompatibility genes) [4]. RA affects the results of laboratory tests, 

namely the ESR, leukocytosis, serum iron concentration, protein composition and Waaler-Rose test 

change. 

 

Materials, methods and aim 

 Scientific publications were found regarding the relationship between the DMARDs used in the 

treatment of RA and the depression. PubMed and Google Scholar detabases were used to find these 

Scientific articles. 

 

Characteristics of Disease-modifying antirheumatic drugs 

 The introduction of biological drugs in the treatment of rheumatic diseases has opened a new 

era in the treatment of such diseases as rheumatoid arthritis (RA), psoriatic arthritis or ankylosing 

spondylitis. These drugs are highly effective, occasionally cause side effects, and can even be taken by 

pregnant women. There are also biosimilar drugs, whose effectiveness does not differ significantly 

from classic biological drugs. About 70% of patients show a positive response to treatment. 

 Disease-modifying antirheumatic drugs (DMARDs) are essential in the treatment of RA. They 

prevent or delay destructive changes in the joints. The most important of these is methotrexate, which 

is the first-line drug. The immunosuppressive and anti-inflammatory effects of methotrexate are 

associated with the inhibition of folate-dependent enzymes by polyglutamate derivatives, or indirectly 

with the release of adenosine and/or apoptosis and clonal deletion of activated peripheral blood 

lymphocytes in the S phase [5]. 

 Leflunomide, sulfasalazine, and anti-malarial drugs (hydroxychloroquine, chloroquine) are the 

next-line (after methotrexate) conventional synthetic drugs for the treatment of RA. 

 

 Leflunomide has immunomodulatory and immunosuppressive properties, it acts in 

antiproliferative and anti-inflammatory way. The leflunomide metabolite A771726 is probably 

responsible for the therapeutic effect. It inhibits dihydroorotate dehydrogenase activity, which leads to 

inhibition of de novo synthesis of uridine monophosphate ribonucleotide. It exhibits antiproliferative 

properties, inhibits COX-2 activity, and in concentrations significantly higher than therapeutic, inhibits 

tyrosine kinase during cell division [6]. 

 The mechanism of action of sulfasalazine is not clearly explained. It exhibits 

immunosuppressive properties mainly within connective tissue, intestinal wall and in serous fluids, 

where it reaches the highest concentrations. The effects of sulfasalazine metabolites acting locally in 

the intestinal wall and systemically are better known. Sulfapridine presumably inhibits cytotoxic 

leukocyte function and lymphocyte transformation. The anti-inflammatory effect of 5-aminosalicylic 

acid (mesalazine) probably plays the most important role in the treatment of inflammatory bowel 
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disease. This effect is primarily local and consists in the inhibition of cyclic oxygenase and lipid 

oxygenase, which prevents the synthesis of prostaglandins, leukotrienes and other mediators of 

inflammation. It probably also binds free oxygen radicals [7]. 

 In the treatment of early RA, anti-malarial drugs are used - chloroquine and 

hydroxychloroquine, whose mechanism of action is also not fully understood. These drugs interfere 

with lysosomal activity and autophagy, affect membrane stability and change signaling pathways and 

transcriptional activity, which may result in inhibition of cytokine production and modulation of some 

co-stimulatory molecules [8]. 

 However, many commonly used DMARDs: hydroxychloroquine, gold salts, sulfasalazine, and 

methotrexate) are highly toxic, and after a long time, most patients will have a reduced response to 

treatment. These drugs slow down but do not inhibit the progression of destructive changes in the joints. 

 

 The introduction of infliximab, etanercept and adalimumab interfering in immune phenomena 

occurring in RA in the years 1998–2003 was a significant advance and a breakthrough in the treatment 

of the disease. [9,10]. The action of these biopharmaceuticals is directed against tumor necrosis factor α 

(TNF-α). This cytokine is responsible for the production of other proinflammatory cytokines, 

stimulates the production of adhesion molecules, enhances angiogenesis and the release of 

inflammatory mediators. TNF-α is present in high concentrations within inflammatory joints in the 

course of RA. Currently, other biological drugs with anti-cytokine and non-anti-cytokine activity are 

also being used. The first group includes: adalimumab, anakinra, certolizumab, etanercept, golimumab, 

infliximab, tocilizumab. 

 

 Anakinra is a recombinant interleukin-1 (IL-1) receptor antagonist with anti-inflammatory and 

immunomodulatory activity, used to treat rheumatoid arthritis and other inflammatory inflammation. 

Anakinra is associated with a low rate of increase in serum enzyme activity during treatment and in 

rare cases of clinically apparent acute liver damage [11]. 

 Golimumab is a human monoclonal antibody that forms stable complexes with high affinity for 

the soluble and transmembrane form of human TNF-α, preventing binding of TNF-α to its receptors. 

Binding of human TNF by golimumab neutralizes TNF-α induced cell surface expression of the E-

selectin adhesion molecule, intercellular adhesion molecule (VCAM-1) and intercellular adhesion 

molecule (ICAM-1) of endothelial cells [12]. 

 Certolizumab is a new TNF inhibitor, consisting of a humanized Fab fragment combined with a 

40 kD polyethylene glycol fragment (PEG). This unique structure can avoid potential Fc-mediated 

effects seen in vitro, such as complement-dependent or antibody-dependent cellular cytotoxicity or 

apoptosis [13]. 

 Toclizumab is a recombinant, humanized IgG1 monoclonal antibody. It binds specifically to 

IL-6 receptors (sIL-6R and mIL-6R), both soluble and membrane-bound, thereby inhibiting signal 

transduction by the mediated pathway through these receptors; IL-6, which is a pleiotropic pro-

inflammatory cytokine, is weakened [14]. 
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 Representatives of non-anti-cytokine biologics include rituximab and abatacept. 

 Rituximab is an anti-B cell antibody involved in inflammatory processes in the course of 

autoimmune diseases [15]. 

 Although the development of disease-modifying anti-rheumatic drugs (DMARDs) and tumor 

necrosis factor antagonists has improved the clinical outcomes of many patients with rheumatoid 

arthritis (RA), a significant proportion of patients have an inadequate response. Because T cells 

promote numerous pathways in RA, these cells are the logical target of anti-inflammatory therapy. 

Abatacept (CTLA-4Ig) is a soluble recombinant fusion protein that competes with CD28 for binding to 

CD80 and CD86 and can therefore be used to selectively modulate T cell activation [16]. 

  

 The choice of drug depends on the activity and duration of the disease, previous treatment, 

prognostic factors (worse prognosis: autoantibodies [RF and / or ACPA, especially in high-profile], 

very high disease activity, early appearance of erosions), concomitant diseases and contraindications, 

adverse reactions and drug availability (preparations, dosage, contraindications and principles for 

monitoring treatment). 

 

Immunological dependence of proinflammatory cytokines in RA on depression 

 Every third person with RA suffers from mood problems. In most cases, they are depression and 

anxiety disorders [17]. From an immunological point of view, elevated TNF-alpha, INF-alpha, IL-6, 

IL-10, and lower IL-1 levels are administered during depression. The given relationships in cytokine 

levels are observed in RA. Hence the large relationship between RA and depression. It may be 

associated with these similar immune conditions of both disease entities. Moreover, if the RA patient 

had no symptoms of depression, one would be more likely to experience remission. Similarly, patients 

who were in remission showed less symptoms of depression. From this one can deduce a high affinity 

for both diseases [19]. 

The mechanism of the dependence of cytokines on depression is associated, for example, with the fact 

that pro-inflammatory cytokines whose level is increased in depression (TNF-alpha, IL-2, IL-6) reduce 

the level of dopamine in the blood, which in turn leads to the pathomechanism of depression . Another 

example is the increase in serotonin reuptake in the presence of increased levels of proinflammatory 

cytokines such as IL-1β, TNF-α, and IFN-α [19]. 

 

Biological drugs 

Anakinra 

 One of the original biological drugs used in rheumatoid arthritis is anakinra - an interleukin 1 

(IL-1Ra) inhibitor. In stressful situations, mRNA is produced in the brain which is responsible for IL-1 

synthesis. It was proved that the group of mice lacking IL-1Ra there was no inhibition of IL-1 and this 

group of mice showed greater antidepressant behavior. Moreover, in the group of mice with an excess 

of IL-1Ra, more anxiety behaviors were observed in elevated plus-maze (EPM) tests [20]. 

Observations, also indicative of the effect of IL-1Ra on prodepressive effects, were noted by 

Ovaskainen Y at al. Researchers have reported that middle-aged men who suffer from depression have 

significantly increased IL-1Ra levels and the IL-1Ra to IL-1 ratio compared to a healthy control [21]. 

Milaneschi Y at al. Came to similar conclusions. examining IL-1 and IL-1Ra levels for six years, in a 



86 

study of almost 1,000 participants, stating that people suffering from depression have elevated IL-1Ra 

levels [22]. 

 Another experiment has attempted to show an antidepressant effect on rats using IL-1Ra for 

depression occurring at seizures. However, no effect was achieved in this experiment and the IL-1Ra 

part of the study was removed from the study [23]. 

 Considering the above studies, it can be concluded that the use of the biological drug anakinra, 

which is IL-1Ra, can cause a patient with depressive disorders. 

 

Adalimumab 

 Another original biological drug used in RA treatment is adalimumab, which is a recombinant 

human monoclonal antibody directed against TNF-α. Studies say that elevated TNF-α levels co-occur 

with depression, but not only. Elevated TNF-α levels are also mentioned in schizophrenia and bipolar 

disorder [24]. In turn, Adalimumab inactivating TNF-α reduces its effect [25]. 

 Confirmation of this is certainly several studies assessing the mental state and depression-

related disorders in patients taking this drug. For example, one study in its third stage of a randomized, 

double-blind study observed in people taking adalimumab at a dose of 40mg weekly treated for Crohn's 

disease, significantly less symptoms of depression than the control. This effect was maintained 

throughout the duration of the study - that is, for 56 weeks [26]. Patients in a randomized, double-blind 

study looked at the effect of adalimumab on depressive symptoms in patients with psoriasis at the same 

dose. Also in this study, the positive effect of the drug on depression symptoms was confirmed, which 

was measured on the Zung Self-rating Depression Scale (ZDS) [27]. 

 Despite the anti-depressant effect of adalimumab, it is worth noting that the case with the 

reverse effect of this drug has been described. A 56-year-old patient treated for rheumatoid arthritis, 

after unsuccessful treatment with matotrexate, received a switch to adalimumad. Initially, she received 

40mg of the drug under the skin for 14 days. After remission of the disease, it was decided to increase 

the frequency of injections every 7 days for 40 mg of adalimumab. Two weeks after increasing the dose, 

the woman began to complain of a rash, blisters in the mouth, and suicidal thoughts. She had never 

reported similar mental symptoms before. After immediate change to glucocorticosteroids, the patient's 

suicidal thoughts resolved [28]. This case shows that although most studies indicate a positive 

antidepressant effect of adalimumab, it should be remembered that patients may have the opposite 

effect. 

 

Etanercept 

 Etanercept - a recombinant p75 receptor protein that binds to TNF-α blocking its effects in mice 

showed a significantly increased risk of anxiety behavior than the control group. In turn, it was found 

that the same group of mice receiving this drug had reduced cognitive function compared to the control 

group. A reduced number of microglia within the hippocampus [29] was also observed. In turn, a cross-

sectional observational study conducted by Taiwanese scientists found a lower risk of developing 

depression in patients taking etanercept, but no effect on anxiety disorders, compared to the control 

group not taking any biological drugs [30]. 
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Imfliximab 

 Like etanercept, imfliximab blocks the action of the TNF-α cytokine. Therefore, one could 

immediately predict a similar effect of this drug on depression in patients suffering from RA. 

Comparative study of monoteraphy of methotrexate vs. infliximab showed that both groups of patients 

taking one or the other drug had a lower likelihood of depression. Given the Hamilton Rating Scale for 

Depression (HAM-D) and Disease Activity Score (DAS), there was no statistical difference between 

them [31,32], and on the Self-Rating Depression Scale (SDS) there was a statistical difference between 

them in favor of infliximab [32]. However, in RA therapy alone, imfliximab was significantly more 

effective than monotrexate alone [31]. 

 

Tocilizumab 

 Tocilizumab is the first human monoclonal antibody directed against IL-6 receptor. In the 

literature, IL-6 is of great importance in the development of the pathomechanism of RA, but not only. 

There is a known relationship between increased levels of pro-inflammatory IL-6 and the risk of 

depression [33]. It is no wonder then that research indicates the combined effects of tocilizumab not 

only on RA but also on depression [34]. However, there is also a voice from experts who says that 

taking tocilizumab may not be an appropriate therapeutic goal in the treatment of depression [35], so 

opinions are somewhat divided. 

 

Synthetic drugs 

Methotrexate 

 Methotrexate, used not only in RA, but also in a number of other diseases, and above all as a 

cytostatics in numerous cancers, from an immunological point of view it inhibits the activation of T 

lymphocytes, lowers the level of B lymphocytes and inhibits the binding of IL-1-beta to its superficial 

receptors. In depression, there is an increase in T lymphocytes in patients with major depressive 

disorder (MDD) compared to the control group [36]. 

 The use of methotrexate or leflonomide is associated with less suicidal thinking among patients 

with RA than in those using hydroxychloroquine or biological drugs [37]. The same study found that 

depression was most prevalent in RA patients using biological medications, which implies that 

methotrexate is more effective than them in combating depression. Similar results were obtained by 

Sergeant JC et al. of the 1,050 people enrolled in the study, 449 did not respond to methotrexate 

treatment. These people showed a higher tendency to anxiety disorders and depression [38]. The 

literature also includes a case report of two children diagnosed with mood disorders, linking them 

directly with treatment with methotrexate to two different dermatological diseases [39]. 

 

Leflunomide 

 Leflunomide, in addition to the inhibitory effect of the mitochondrial enzyme dihydroorotate 

dehydrogenase (DHODH) and the synthesis of uridine monophosphate (rUMP), thanks to which it 

regulates, or actually inhibits the growth and production of lymphocytes, it is also an MAO-A and 

MAO-B inhibitor. And although regulation of both MAO isoforms is not a major leflunomide pathway, 

inhibition is used to treat depression. Hence, the conclusion that leflunomide, by means of MAO 

inhibition, may, just like classic drugs used, be involved in the treatment of depression [40]. 
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 Chinese scientists have decided to compare leflunomide to the newly discovered Chinese herbal 

drug Xinfeng, which has proved to be used in the treatment of RA. The mechanism of action of 

Xinfeng is probably based on the modulation of TGF-β1 / Smads, Notch-Jag-ged / Delta. Thanks to this 

drug affects the level of Treg, IL-1b, TNF-α, IL-4 and IL-10 lymphocytes. In a randomized, double-

blind study, patients were divided into two groups. The treatment group received Xinfeng and placebo 

for leflunomide, and the control group received placebo for Xinfeng and leflunomide. The results 

indicated a significant reduction in depression calculated on the self-rating depression scale (SDS) in 

the treatment group compared to the control group [41]. 

 

Sulfasalazine 

 Sulfasalazine, by inhibiting local PGE2 prostaglandins, leukotrienes and increased IgA and IgG 

production, has a largely immunomodulatory nature. In addition, sources have reported that it may 

lower B cell levels in their early stages of formation, differentiation and proliferation [42]. 

 In mice, sulfasalazine treatment showed a very similar antidepressant effect as the selective 

serotonin reuptake inhibitors (SSRIs) used in the control group. However, this effect has been tested in 

the treatment of cancer cells and the theory of researchers is that prevention of depressive behavior 

using sulfasalazine is more possible due to its inhibition of releasing of glutamine of the tumor [43]. It 

is therefore unknown whether this or that mechanism would affect depression during RA treatment. 

 

Chloroquine 

 The antiprotozoal drug commonly used in the treatment of malaria is also used in the treatment 

of RA. Unlike other biological or even synthetic drugs used in this disease, chloroquine has confirmed 

cases of prodepressive effects. And although there are many theories on this subject, it may be related 

to its inhibition of IL-1 expression, which is reduced in levels of depressed people [21]. In addition to 

the effect of chloroquine on IL-1, its effect on inhibition of IL-6 and TNF-alpha expression is also 

given. The increase in these two cytokines is again associated with the risk of depression and RA. From 

this it follows that due to this effect, chloroquine can be used to treat RA and depression. However, this 

seems ineffective when it comes to that second disease [44]. In addition to depression, chloroquine can 

cause a number of other psychological symptoms such as insomnia, aggression, mania, hyperactivity, 

hallucinations and even suicidal thoughts. They are probably associated with changes in neuronal 

neurotransmission causing such effects [45]. 

 

Remission of RA by taking a SSRI (escitalopram) 

 There is one case report in which there is information about a 60-year-old man struggling with 

RA for years. In the past, he took a number of different biological and synthetic drugs used to treat RA. 

However, there was no remission. Several years ago, he had several episodes of depression. He has 

never performed before. At the time of very severe depression, he consulted a psychiatrist, from whom 

he received escitalopram and risperidone. It turned out that during depression therapy, his RA 

symptoms significantly decreased and they could even be qualified for remission. Moreover, after 

discontinuing psychiatric drugs, there was a rapid deterioration in both mental and exacerbation of RA. 

The re-admission of antidepressant drugs meant that both depression and RA are under constant control 

[46]. 
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Summary 

 At the immunology level, RA and depression have a lot in common. Numerous literature and 

studies report the co-occurrence of both these diseases. This is also confirmed by the fact that drugs 

that act on RA also treat depression symptoms. There are no studies on all immunomodulatory drugs - 

biological and synthetic, however, those studies that check the symptoms of depression when using 

these drugs unanimously say that these drugs can reduce depressive behavior. 

 However, one should remember about the unique possibilities of just the opposite. An example 

of this is the case report of a 56-year-old woman in whom adalimumab was the direct cause of suicidal 

thoughts. They appeared immediately after increasing the dose of the drug, and resolved as soon as the 

rheumatoid arthritis treatment was changed to glucocorticosteroids [28]. The literature also gives many 

examples that chloroquine used in the treatment of malaria can induce depression [44,47]. Although it 

is not such a common drug used in RA, it is still possible to use. And although it can improve the 

condition of a patient with RA, it can aggravate or even trigger depression, to which such a patient is 

particularly vulnerable. People who suffer from RA will receive anakinra, which increases the level of 

IL-1Ra, thus lowering the level of IL-1 [20,21,22,23], are much more exposed to depression. In a 

similar way, chloroquine can induce depression, because it inhibits IL-1 production by lowering its 

level. 
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