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The burden of depressive disorders in musculoskeletal diseases: is there an association between mood and inflammation?
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Abstract
Importance
Evidence emerged concerning how inflammatory arthritis and mood disorders can often occur in the same patient and show a similar clinical pattern. An overview of the rheumatological and psychiatric aspects of these diseases can certainly be useful for the improvement of patients' clinical and therapeutic management.

Objective
The aim of this narrative review was to summarize existing literature about common pathogenetic and clinical aspects as a means of improving management and therapeutic approach in patients affected by rheumatoid arthritis, psoriatic arthritis and spondyloarthritis. Outcomes such as disease activity indexes and patient reported outcomes (PROs) were considered.

Findings
Common pathogenetic pathways emerged between inflammatory arthritis and mood disorders. Pro-inflammatory mechanisms, such as TNFα, IL-6, IL-17 and oxidative stress factors as well as neurotransmitter alterations at the level of CNS and blood–brain barrier (BBB) cells are involved. The activation of these common pathogenetic pathways is, also, affected by the same triggers, such as smoking, stress, lifestyle, and evidence has emerged concerning the possibility of the clinical efficacy of using the same therapeutic approaches.

Conclusions
The main causes of the variability in clinical studies outcomes are the rheumatological diseases considered, the prevalence of depression in the general population and in patients with rheumatological diseases and the type of depressive symptom examined. Patients affected by inflammatory arthritis can present symptoms and signs in common with mood disorders, leading to possible clinical overlap. There are still few studies analyzing this concept: they are extremely heterogeneous, both in the characteristics of the population taken into consideration and in the methods used for the definition of depressive disorder, but the suggestions of the data obtained so far are promising and deserve to be pursued.
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Introduction
Rheumatic diseases are a group of disorders mainly characterized by joint pain. Among them, rheumatoid arthritis (RA), psoriatic arthritis (PsA) or spondyloarthritis (SpA) are considered systemic diseases because of the presence of both articular involvement and systemic features with related comorbidities [1, 2]. RA is a chronic autoimmune systemic inflammatory disease that may involve many organs and tissues, but, principally, affects the peripheral joints in a symmetrical pattern. Worldwide, it represents the most common inflammatory arthropathy [2]. RA is characterized by the presence of autoantibodies such as rheumatoid factor (RF) and anti-citrullinated protein antibodies (ACPA) [3]. On the other hand, SpA are a heterogeneous group of inflammatory chronic diseases characterized by sharing common pathogenic, clinical and radiologic features, typically defined as “seronegative” due to the absence of RF. However, recent evidence supported the presence of autoimmunity in SpA. Evidence demonstrated the presence of autoantibodies in serum of SpA patients, revealing and supporting the autoimmune features of the disease [4]. Both RA and SpA patients often present comorbidities related to mood disorders, but the evaluation of their prevalence, as yet remains a matter for discussion. As demonstrated by Matcham et al. [5] in their meta-analysis conducted on a total of 72 studies, made up of 13,189 patients, prevalence estimates for depression in RA patients range between 9.5% [6] and 41.5% [7]. This high variability may be related, first of all, to the criteria of depression diagnosis used in the individual studies and secondly to the multitude of psychometric tools available to detect depression: so far, depression is defined in 40 different ways [8]. Methods for depression evaluation take into consideration some signs and symptoms, such as insomnia and asthenia, which are also part of the spectrum of symptoms and signs presented by patients affected by RA. Matcham et al. estimate, from the small number of studies using gold standard clinical interviews, that major depression is present in 16.8% of RA patients, principally, female and older adult patients. The data shown by Matcham are, largely, applicable to all other autoimmune diseases, such as systemic lupus erythematosus (SLE) [9], both in terms of frequency range and in terms of confinement. For example, patients affected by PsA are supposed to be affected by depression with a prevalence rate of between 19 and 62% [10], whereas in the larger group of SpA it ranged from 11 to 64% [10] owing to the same reasons listed for RA.
Furthermore, the assessment of the depressive symptoms prevalence in patients with SpA is complicated by the not so easy task of distinguishing ankylosing spondylitis (AS) and non-radiographic-axial SpA (nr-axSpA) [11].
A close pathogenetic relationship has been hypothesized between chronic inflammatory diseases and depression [12]. Depressive symptoms, such as depressed mood and asthenia, are responsible for a high impact in societal burden, especially in patients already suffering from chronic diseases, like RA and SpA [13]. These symptoms are frequently identified in patients affected by joint diseases presenting disabling symptoms, which affect their quality of life and productivity. Signs and symptoms are summarized in Table 1. It is intriguing as both autoimmune diseases, like RA and SpA, and mood disorders, like major depression, may have similar pathogenetic pathways and immunological activations. Moreover, it has been previously demonstrated that treatments for depression supported this immuno-psychiatric link: antidepressants have been shown to decrease inflammation, whereas, for most treatments, higher levels of baseline inflammation predicted lower treatment efficacy [14]. Patients with autoimmune diseases like RA may, on the other hand, have benefits from immunomodulatory treatments, not only for the joint disease but also for depressive symptoms, supporting the hypothesis that depression and asthenia are associated with an increased activation of the innate and acquired immune system, which may serve as a valid target for treatment [15].Table 1Characteristic symptoms and signs of inflammatory arthritis and depressive syndromes


	Symptoms
	Depressive disorders
	Rheumatoid arthritis
	Psoriatic arthritis
	Spondyloarthritis
	Fibromyalgia

	Fatigue
	√13
	√78
	√
	√
	√87

	Asthenia
	√13
	√78
	√
	√
	√87

	Stiffness
	–
	√78
	√
	√
	 
	Poor sleep
	√13
	√78
	√
	√
	√87

	Chronic pain
	√13
	√2
	√82
	√
	√87

	Malformations
	–
	√2
	–
	√80
	 
	Daily disability
	√13
	√ 2
	–
	√80
	√

	Work inability
	√13
	√2
	–
	√80
	√

	Impaired relationships
	√13
	√2
	√82
	√80
	√87

	Sexual dysfunction
	13
	–
	√82
	√80
	√87

	Shame
	–
	–
	√82
	–
	–

	Guilt
	–
	–
	√82
	–
	–

	Public Embarrassment
	–
	–
	√82
	√74
	–

	Suicidal ideation
	√13
	–
	√83
	–
	–


√, present and described



The purposes of this narrative review are: (i) to highlight the role of inflammation as a link between inflammatory joint diseases and depression; (ii) to discuss risk factors for depression in patients affected by rheumatological diseases; (iii) and to assess the effects of biological DMARDs (bDMARDs) on mood disorders in patients with rheumatological diseases.
The overarching aim of this review is to summarize common pathogenetic and clinical aspects of inflammatory joint diseases, as RA, PsA and SpA, and mood disorders, as major depression, considering outcomes as disease activity indexes and patient reported outcomes (PROs). There is the need to deepen the comprehension on rheumatological and psychiatric aspects of inflammatory joint diseases for the improvement of patients' clinical and therapeutic management. The close relationship between joint diseases, psychiatric disorders and lifestyles were also explored.
Pathogenesis
Rheumatological diseases, such as Ra and SpA, may be strongly associated with the development of alterations in the patient cognitive–behavioral sphere, in particular with the development of depression [14, 15]. In this context, RA is one of the most widely studied diseases [16]. Depression is the mental health disorder most associated with RA, probably due to increased pain, fatigue, reduced health-related quality of life, increased levels of physical disability and increased health care costs. However, the causes that may influence the development of depression in patients with chronic rheumatological diseases are still under investigation. Hypotheses are suggested in the next paragraph.
Inflammation, disease activity and lifestyle
The association between autoimmune diseases and depressive symptoms has been known for years [17] and numerous studies have been carried out to better understand this link. First of all, a possible role of pro-inflammatory cytokines, the main actors in autoimmune processes has been suggested in the development of CNS manifestations. Pro-inflammatory cytokines could represent the key element in combining the worlds of neuropsychiatry and rheumatology. A decisive role, in this area, is played by Th17 cells, IL-6 and TNF [18]. Th17 cells are a sub-population of CD4+ T cells and part of the adaptive immune system producing the inflammatory cytokine, as interleukin (IL)-17 (both IL-17A and IL-17F) [19]. Among them, IL-17A is rigorously related to the pathogenesis of rheumatological diseases, such as SpA, and, at the same time, has been shown to be capable of reducing the expression of tight junction (TJ)-associated genes and disrupted monolayer integrity in the BBB cell, promoting the passage of pro-inflammatory cytokines [20]. This process may result in an exacerbation of neuroinflammation and synaptic dysfunction. The overall effects of IL-17A produced by CNS resident cells seem to be localized [21] and not sufficient to induce depression, however it has been hypothesized that in some diseases, such as SpA, where the production of IL-17A is increased by a pathogenic sub-population of Th17 at tissue and enthesis level, making the stimulus working in promoting the onset of depressive symptoms [22].
Furthermore, Th17 cells differentiation is promoted by a variety of other cytokines, such as TNFα and IL-6, whose production is physiologically increased as a result of psychosocial stressors, such as negative life events and chronic psychosocial stress, which often precede the onset of clinical depression [23]. Moreover, as explained by Dantzer et al. [24], the pro-inflammatory cytokines produced by innate immune cells during influenza and during autoimmune diseases are the same. The “sickness behavior”, as it is called, understood as irritability, loss of interest in physical and social environments and fragmented sleep, connects both groups of diseases since they are caused by the same pro-inflammatory molecules. As example, in the case of flu, these symptoms tend to be underestimated because they are considered as a self-limiting situation, while in rheumatological diseases, especially in the active phase, it tends to become chronic with a high impact on patients’ quality of life and, therefore, this behavior is often linked to the sphere of depressive disorders [25–27]. Moreover, some of these symptoms, such as sleep deprivation, result in impairments in immune function, characterized by increased levels of c-reactive protein (CRP), TNF and IL-6 [28], creating an endless vicious cycle.
The effect of TNF and IL-6, in addition to increasing Th17 cell production, would seem to act through two other mechanisms:	Negative modulation of serotonergic neurotransmission due to degradation of tryptophan [29]. This is an essential amino acid that is required as a precursor for serotonin synthesis. During inflammation, TNF is able to induce an increase in serum enzymes responsible for the degradation of tryptophan, with a negative effect on the production of serotonin and the serotonergic neurotransmission.

	Hyperactivation of hypothalamus–pituitary–adrenal axis attributes to hyperactive corticotropin-releasing factor (CRH) [30]. Pro-inflammatory cytokines promote expression of the β isoform of the glucocorticoid receptor, which results in a decreased inhibitory feedback on CRH by glucocorticoids.




It, therefore, emerged that the inflammatory process in autoimmune rheumatological diseases, as well as the periods of re-exacerbation of the disease itself, can be the basis for the development of mood changes due to neurotransmission alterations. At the same time, acute phases and relapses of disease and the chronic structural damage that consequently can develop, are responsible for negative changes in a patient's lifestyle. Moreover, obesity, smoking and eating habits, vitamin D deficiency and reduced physical activity are all elements that can accentuate the inflammatory processes and facilitate the development of depression [31, 32].
Many studies, currently, correlate diet to inflammatory status. One of them, performed by Fung et al. [33], underlined how a Western dietary pattern is associated with higher levels of CRP, while the Mediterranean diet pattern is characterized by a lower inflammatory status [34, 35]. The reason is that the fiber content and the type of fatty acids that characterize the two different diets may support a different inflammatory status. The high content of fibers present in the Mediterranean diet positively influences the intestinal microbiota, which is known to be the basis for immune dysregulation and provides a high amount of beta-glucans that promote the immune system functionality [36, 37]. As for fatty acids, a diet rich in omega-3 fatty acids, contained in seafood, nuts, legumes and leafy green vegetables, appear to have a positive impact on immune functioning [38], while omega-6 fatty acids used in processed foods, increases the production of pro-inflammatory cytokines [39]. Finally, an incorrect diet regime, can lead to a deficiency of oligo-elements and essential vitamins, such as vitamin D. Vitamin D has a well-documented modulatory effect on immune responses and in its form of 25-dihydroxyvitamin D3 (calcitriol) reduces concentrations of inflammatory markers, including TNF, CRP, IL-6 and oxidative stress markers [40]. Furthermore, reduced physical activity and obesity are additional risk factors in the development of depression and inflammation flares [41, 42].
Obesity, itself, is considered as an inflammatory state: the abdominal adipose tissue acts as a cytokines pool reservoir, able to produce TNF, IL-6, IL-8 and leptin [43, 44]
At the same time, sarcopenia linked to the abundance of fatty cells, leads to a high level of CRP [45]. On the other hand, regular exercise down-regulates systemic inflammation and leptin production and induces a rapid elevation in levels of anti-inflammatory substances, including IL-1 and IL-10 [46]. Last but not least, smoke is a trigger factor in the development of autoimmune diseases, in particular the onset of RA. Smoke is able to activate inflammatory status, by increasing [47] local inflammation inducing a raised number of neutrophils, macrophages and markers of oxidative stress and reducing relevant cellular repair mechanisms, and it is associated with increased levels of acute phase proteins and cytokines, including CRP, IL-6 and TNF, which occur secondary to direct effects in activation of microglia and astrocytes [48]. In addition to the common mechanisms of the two diseases, smoking can trigger pathogenetic mechanisms characteristic of individual pathologies. As it was summarized by Chang et al. [49], in RA, cigarette smoking increased the expression of matrix metalloproteinase (MMP)-12 (macrophage elastase), implicated in RA pathogenesis, resulting in severe synovial thickening, pannus formation and prominent macrophage infiltration. Besides, smoke can trigger HLA-DR-restricted immune reactions to autoantigens modified by citrullination with a high risk of developing ACPA. On the other hand, smoking in SpA has been shown to raise levels of CRP and pro-inflammatory cytokines by altering the flora of the oral mucosal cavity, with development of periodontitis and by modifying the intestinal microbiota, that is implicated in widening the IL-23/Th17 axis response, underlying the development of SpA [50]. In addition, recent studies have shown that cigarette smoke could be the basis of mRNA expression of bone morphogenetic proteins (BMP) in periosteum, resulting in ossification of the vertebral corner and progression of radiographic damage [51]. As regards pharmacological therapies, it is well known that smoker patients have a low response to therapeutic treatments, as TNF-i, and a markedly poor outcome in comparison with non-smoking patients, due to the imbalance between production and elimination of pro-inflammatory cytokines [52]. Recently, it has been demonstrated that pro-inflammatory cytokines are also involved in the perception of pain, which is why acute and chronic pain has become one of the causes of depression in patients with arthritis [53]. Inflammatory response can influence both acute and chronic pain and the development of depression’s sickness behavior: inflammation is related to depression due to the role of TNF and IL-6, as it was previously discussed, meanwhile pain and depression may co-occur because they are affected by the same modulatory neural system [53]. Moreover, comorbid pain and depression lead to higher functional impairments than depression alone. Patients with major depression and chronic pain are found to be 2.1–4.6 times more likely to report impairment of daily activities, family and social functioning compared to patients affected by depression without chronic pain [54].
Acute and chronic pain
Pain is defined as an unpleasant sensory and emotional experience associated with actual or potential tissue damage or is described in terms of “damage” [55]. Functional imaging studies have shown a bidirectional relationship between pain and depression in which depression is a risk factor for pain and pain a risk factor for depression. Chronic conditions of pain have been associated with alterations in the regions of the brain responsible for the processing of emotional stimuli. Meerwijk et al. [56] have underlined how anterior cingulate cortex, posterior cingulate cortex, thalamus, cerebellum and parahippocampal gyrus are, equally, the areas of the brain most activated during the experience of psychological pain and sadness [57]. Other experimental studies have demonstrated that peripheral induced pain is associated with high levels of IL-1 and TNF in the cingulate cortex, and an increased expression of inflammatory genes in the amygdala may induce neuropathic pain [58].
An overlap between pain development and depression was also evident with regard to neurochemical markers [59]: pain and mood are both controlled by common neurotransmitters such as serotonin, norepinephrine and glutamate, whose homeostasis varies as a result of previously explained inflammatory processes.
Regarding the association between inflammation and pain, inflammatory mediators are thought to play a key role in the occurrence of hyperalgesia: TNF, linked to TNF-receptors in the dorsal root ganglia, is able to induce peripheral pain in the corresponding innervation area [60].
As a means of determining these observations, clinical trials are ongoing in order to evaluate the use of antidepressant drugs in chronic pain control [61].
Quality of life
There are 3 factors affecting the quality of life, currently identified in rheumatological patients, related to the appearance of depressive states: pain, somatization and disability.
The topic of pain has already been addressed, underlining how it is partly generated by the involvement of the same neurotransmitters and pro-inflammatory cytokines that regulate the development of depression. In addition, depression in patients with arthritis can exacerbate pain [62], meanwhile the treatment of pain can reduce the symptoms of depression [61]. The somatization, understood as a large number of reported bodily symptoms regardless of their cause [63], is considered a powerful predictor of health-related quality of life (HRQoL) in patients with medically unexplained symptoms and chronic diseases [64], such as arthritis in rheumatological conditions. It could also constitute an important risk factor for the occurrence of depressive and anxiety disorders and represents a factor of minor improvement of depressive and anxiety symptoms, and a predictor of a poorer treatment response in patients [65].
Several mechanisms have been proposed to explain how these conditions are related [66]:	Depression and anxiety may be a reaction to somatization;

	Somatization may be part of, or a consequence of depression and anxiety;

	That all these conditions are simply different expressions and dimensions of a common underlying form of distress.




There are no definitive answers to this yet. Actually, an association between somatization, depression and chronic pathological conditions has been supposed. Therefore, it is necessary to carry out new studies aimed at identifying this association and discovering the deepest common pathogenetic mechanisms. As regards disability, it is a phenomenon that most rheumatological patients have in common, regardless of the diagnosis [67]. Each rheumatological disease may, in fact, be responsible for the involvement of one or more organs, forcing the patient to reorganize his or her existence. Therefore, over and above the problem of pain, disability is able to modify the quality of life because it modifies daily life itself and reduces personal independence [68]. Several studies have been carried out over the years and have shown how disability is one of the main factors with a negative influence on the quality of life, regardless of the presence or absence of pain. Margaretten et al. [69], for example, evaluated the predictors of depression in a pool of RA patients, highlighting how, in the Caucasian population, disability was the element most influencing quality of life. Similarly, the study conducted by Hyphantis et al. [63] showed that in rheumatologic diseases (where arthritis-related pain as one of the core symptoms of the diseases) somatization and disability were still related to HRQOL even after pain relief; this is probably due to a combination of the physical effects of the disease process and the individual psychological reaction, such as tendency to worry, previous illness experience and rapid disease progression.
In summary, depression is now a deeply rooted comorbidity in rheumatological patients, so much so that it has become one of the key points that should be taken into account as regards the treat-to-target recommendations in patients with RA and SpA [70, 71].
Pharmacological therapies
Concerning the pharmacological therapies for rheumatic diseases treatment and their link with depressive syndromes in patients, two main aspects should be taken into consideration:	How some drugs may be responsible for the onset of depression in rheumatic patients.

	How other pharmacological molecules can improve the mood in patients already diagnosed with depression or depressive disorders.




Regarding the first point, it is mandatory to discuss the role of glucocorticoids in the management of patients with inflammatory diseases. Steroids represent one of the most widely used drugs in the management of these patients, both as regards the treatment of episodes of exacerbation and as chronic underlying treatment. However, over the years the countless side effects that these molecules can produce, especially when used at high dosages and for long periods, have been uncovered, as alterations in mood tone [72]. Yet in the late 1940s, glucocorticoids proved to be responsible for clinical manifestations as severe mood disturbances, psychosis, and even suicide [73]. Several studies have been conducted to try to understand the mechanisms underlying the onset of these symptoms. It has been shown, for example, that in animal models exposure to high levels of corticosteroids is associated with changes in brain tissue: decreased numbers of dendritic branch points and reduced apical dendrite length in the rat hippocampus [74]. Similar results have also been confirmed by studies conducted in humans. In this context, Wilner et al. [75] reported a hippocampal atrophy detected using computerized tomography (CT), associated with an impairment in cognitive tests in patients on corticosteroid therapy, for a period of at least 5 years. Furthermore, Brown et al. evaluated memory deficits and brain structure alterations in patients on chronic steroid therapy in several studies, when comparing their performance with a healthy control group [76]. Treated patients, in addition to poorer performance on memory tests when compared to the control group, have a lower hippocampal volume and lower levels of temporal lobe N-acetyl aspartate (a marker of neuronal viability). In addition, a significant correlation was found between the dose of cortisone taken and right hippocampal volume [76]. Finally, in the 4-year follow-up, corticosteroid-treated patients presented clinical stability regarding psychiatric and neurocognitive symptoms, while depressive symptoms had progressively increased [77]. Over and above the aspect of altered volume of the hippocampus, another element that negatively affects the humoral sphere of patients on chronic cortisone therapy is the involvement of hypothalamus–pituitary–adrenal axis. The inflammatory process leads to an alteration to and consequent decrease in inhibitory feedback on CRH by glucocorticoids, resulting in production of TNF and IL-6 and amplification of the inflammatory process [30]. This mechanism is further exacerbated and increased by the chronic introduction of glucocorticoids as treatment. Cortisone also acts on other neurotransmitters: it induces a reduction in cerebral spinal fluid levels of corticotropin, norepinephrine, β-endorphin, β-lipotropin, somatostatin, and an increase in the glutamate release [78], responsible for the processes of cell apoptosis and oxidative damage.
However, drug therapy is not always a reason for the appearance or worsening of depressive symptoms: this is the case of TNF-i.
TNFα represents a molecule whose role in the onset of depression has been widely demonstrated [18]. In this context, it was assumed that drugs directed against this cytokine were able to improve not only inflammatory symptoms, but also those related to depression as has been demonstrated in rodent models, in which administration of TNF-i resulted in a reduction of depression-like and anxiety-like symptoms [79]. So far, some trials have been conducted in order to investigate the role of TNF-i in depressive disorders among rheumatological patients and a complete meta-analysis of all these studies has been carried out by Abbott R and collaborators [80]. This analysis asserts that TNF-i are, actually, only able to reduce depressive symptoms and anxiety crises partially, however, not to the extent expected. In addition, in real-world clinical practice, only a certain percentage of patients has a good clinical response for joint symptoms when treated with TNF-i [80] and it must, therefore, be assumed that the beneficial effect on depression can actually occur only in this percentage of patients. Fiest et al. [81] supported these findings, analyzing 3 studies conducted on the use of biological disease-modifying anti-rheumatic drugs (bDMARDs) in patients suffering from RA and depression, and one, in particular, showed less frequent mood and anxiety disorders in patients treated with TNF-i compared with those on non-biological or no DMARDs therapy. No studies on molecules other than the TNF-i have been performed. Fiest also analyzed the available data from the opposite perspective, trying to understand if the drugs used in the management of patients with depressive syndromes may or may not affect the symptoms and disease activity in patients with RA. However, psychotropic drugs may exacerbate the level of fatigue [82] and may, also, interact with treatments commonly used for depression and DMARDs or other anti-inflammatory and immunomodulatory therapies, such as alteration of coagulation [83].
Depressive syndromes in rheumatological diseases
As already mentioned, the prevalence of depressive syndromes in patients with inflammatory arthritis is extremely variable, depending on the criteria of diagnosis and evaluation. Certainly, there are many pathogenetic mechanisms common to different diseases, while others are peculiar to an individual disease. Clinical manifestations, as well as the presence of comorbidities, can, also, influence the development of different moods [84]. Accordingly, the clinical manifestations also vary, depending on the rheumatological diseases taken into consideration.
Rheumatoid arthritis
Lu et al. [85] carried out a national longitudinal search using the National Health Insurance Research Database of Taiwan, concluding that a bidirectional association between RA and depression exists. Consequently, they aimed at analyzing in RA patients, factors predicting the onset of depression and in patients with depression, factors predicting RA. In support of previous reports, their analysis revealed that a higher risk of depression occurred within 2 years of RA diagnosis and individuals with depression have a high risk of developing RA. This association has, once again, been identified on a physiological and pathogenetic level: neurotransmitter deregulation and dysfunctional intracellular signaling [29], activation of intracellular signaling pathway, such as SAPK/MAPK and PI-3 K/AKT/mTOR [86] and elevated level of pro-inflammatory cytokines emerging from psychiatric disorders that may provoke chronic medical illnesses [18].
Furthermore, Katz et al. [87] evaluated which factors can influence the worsening of fatigue, among the key RA symptoms. Their study has shown that depression is one of the main factors linked to fatigue exacerbation, in association with poor sleep, and that depressed mood and poor sleep were independent predictors of fatigue in RA, independent of disease activity.
Finally, treatment response is, also, reduced in patients with RA and depression, due to its impact on treatment outcome and its influence on the experience of symptoms and health behavior [88]. Depressive symptoms are associated with lower adherence to both pharmacological and non-pharmacological interventions [89]; conversely, a vicious cycle of disease activity, through in amatory cytokines, pain and disability, increased the prevalence and severity of depressive symptoms while effective treatment of RA improves the rate of depression.
Spondyloarthritis
SpA is a group of inflammatory diseases of the skeleton characterized by some common points, including the asymmetry of joint involvement, the absence of standardized laboratory markers and the presence of other strongly associated clinical conditions such as skin psoriasis. It is possible to distinguish between peripheral forms, with arthritis developing mainly in the small joints of the limbs, and axial forms (axSpA), mainly involving the spine and the sacroiliac joints. In the latter group it is possible, using diagnostic imaging methods (non-radiographic axSpA or nr-axSpA), to make a further distinction between axSpA with evidence of radiographic damage and axSpA where joint damage is not yet detectable. Like other conditions for which chronic pain is the main clinical feature, axSpA are associated with depression [5, 10]. However, quantifying the prevalence of depression is challenging, mainly due to the distinction of AS and nr-axSpA [12].
The analysis conducted by Strand et al. in 2017 highlights relevant items underlying the development of depression in patients suffering from SpA [90]. First of all, persistent inflammation of the sacroiliac joints causes chronic inflammatory back pain and persistent symptoms of stiffness and fatigue. Moreover, the progressive bony fusion of the spine is a major contributor to disease burden and limits physical functionality, including the ability to perform activities of daily life and social interactions. Strand points out that SpA patients present high or moderate work instability, such as impaired relationships with intimate partners, due to spinal deformation/curvature, poor posture, lower urinary tract symptoms and sexual dysfunction [90]. In addition, as a result of the significant body image disturbances, SpA patients, also, suffer from anxiety and depression [91].
Psoriatic arthritis
Inflammatory mechanisms, related to the development of symptoms such as pain and fatigue, which, in turn, are responsible for the development of depressive symptoms, are present not only in RA, but also in patients affected by PsA. However, unlike RA, in PsA part of the development of mood disorders is due to the concomitant skin involvement along with the presence of numerous comorbidities [92]. As regards skin involvement, studies have shown that patients with skin psoriasis, in visible areas, suffer more from poor psychosocial function due to public embarrassment. In particular, patients feel stigmatized by the disease, reporting feelings of rejection, shame, and guilt. These feelings manifest not only in work and social interactions, but also as sexual dysfunction, especially when the genitals are involved [92]. This results not only in an increased predisposition to the development of depressive disorders, but also in suicidal ideation reported in approximately 10% of young patients aged 18–34 years [93]. In addition, the presence of comorbidities negatively influences a PsA patient's mood and eventual quality of life. It is estimated that about 50% of PsA patients suffer from at least 1 comorbidity, the greatest of which are cardiovascular disease, ophthalmic disease, liver disease, inflammatory bowel disease [94]; when compared to other cohorts, such as patients with psoriasis alone, PsA patients have significantly poorer quality of life and a higher incidence of depression and anxiety [95].
Discussion and highlights
Depressive disorders are described in patients affected by inflammatory arthritis [5]. Significant studies summarized in this review are presented in Table 2. Crosstalk between brain and joints is summarized in Fig. 1. Estimated prevalence are extremely heterogeneous and their variability depends on the diagnostic criteria as well as the psychometric instruments used to assess the presence or absence of depression [5, 10, 11, 62, 96–98]. It is, however, reasonable to think, weighing all the studies analyzed, that the prevalence is between 15 and 20% of the population affected by inflammatory arthritis. Independently of this, it emerges from all the studies analyzed that depression and mood disorders are, to all intents and purposes, a problem that is widely present in rheumatological patients, so much so, that it can now be counted among the comorbidities that characterize these diseases [13]. As for other concomitant pathologies, such as cardiovascular diseases for example, depressive disorders also developed due to inflammatory pathways and the presence of inflammatory cytokines that may alter neurotransmission and pain perception [18, 29, 30, 55]. In addition, depression and inflammatory arthritis share common symptoms and signs, such as fatigue, asthenia, poor sleep, daily disability and alterations in social interaction, as well as disorders of the body image and the sexual sphere [87, 94, 99]. As regards the characteristics of the population most affected, a great variability, depending on the rheumatological disease, must be considered, its prevalence in the general population, and the type of depressive symptom considered. For example, it has been demonstrated that in RA patients depression usually occurs 2 years after diagnosis and mainly affects women aged 50 years [5]. This data dramatically changes if SpA patients are considered, where men are the most affected, especially in relation to urinary tract and sexual function problems [91].Table 2Studies included for qualitative synthesis


	Authors
	Population
	Intervention
	Outcomes
	Findings and results

	Fung et al.
	466 healthy men
	Questionnaire about diet habit and correlation with other factors
	FFQs
	Major dietary patterns are predictors of plasma biomarkers of CVD and obesity risk

	Shah et al.
	1692 adult patients with inflammatory arthritis
	Retrospective longitudinal cohort study evaluating the effect of depressive treatment on pain
	SF-12v2, MCS, PCS
	Depression treatment didn’t improve pain and health-related quality of life among adults with arthritis

	Apfelbacher et al.
	Adult patients with inflammatory arthritis
	Cross-sectional data from the 2002 World Health Survey
	Self-reported depression
	Positive association between inflammatory arthritis and depression in Western and Non-Western countries, suggesting that this relationship represents a universal phenomenon

	Matcham et al.
	56 RA patients
	One-year prospective study
	HADS
	Symptoms of depression and anxiety have implications for disease activity

	Margaretten et al.
	172 RA patients
	Evaluation of depression and health outcome
	HAQ, PHQ-9, DAS-28
	Higher HAQ scores were associated with depression

	Katz et al.
	158 RA patients
	Cross-sectional study on sources of fatigue in RA patients
	Assessments of self-reported sleep quality, depression, physical activity, RA disease activity, muscle strength, functional limitations, body composition; information on demographics, medications, and smoking; the FSI
	Fatigue in RA patients is a result of RA disease activity, pain, inactivity, depression, obesity and poor sleep

	Lu et al.
	8831 RA patients and 15,456 health controls
	14-year follow-up nationwide longitudinal study on bidirectional relationships between RA and depression
	Demographic variables, urbanization level, baseline comorbidities, incidence of depression
	A strong bidirectional relationships between RA and depression

	Figueiredo-Braga et al.
	82 RA patients, 73 SLE, 22 healthy subjects and 32 depressed control subjects
	Cross-sectional study
	FSS, HADS, PSQI, RAS, DAS28
	IL-10 and IL-6 are associated with depressive symptoms

	Hyphantis et al.
	524 patients affected by RA, SLE, SSc, Glaucoma and Colon cancer
	Cross-sectional study to test the relative importance of depression in HRQOL in several chronic physical disorders
	SCL-90 and WHO Quality of Life Instrument Short Form, HRQOL
	SCL-90 somatization score significantly correlated to physical HRQOL in all diseases


RA rheumatoid arthritis, PHQ-9 Patient Health Questionnaire-9, HADS Hospital Anxiety and Depression Scale, FFQs food-frequency questionnaires, CVD cardiovascular diseases, MR magnetic resonance, HAQ Health Assessment Questionnaire, DAS-28 Disease Activity Score 28, SCL-90 Symptom Distress Checklist, SLE systemic lupus erythematosus, SSc systemic sclerosis, HRQoL Health-Related Quality of Life, PsA psoriatic arthritis, SpA spondyloarthritis, TNF-α tumor necrosis factor α, SMDs standardized mean differences, FSI Fatigue Severity Inventory, AxSpA axial spondyloarthritis, SF-12v2 Short Form Health Survey-12 version two, MCS Mental Component Summary Score, PCS Physical Component Summary Score, FSS Fatigue Severity Scale, HADS Hospital Anxiety and Depression Scale, PSQI Pittsburgh Sleep Quality Index, RAS Relationship Assessment Scale, HADS Hospital Anxiety Depression Scale
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Fig. 1Crosstalk between brain and joint: pathogenetic pathways involved in both depressive syndromes and inflammatory joint diseases. BBB blood–brain barrier, ROS reactive oxygen species, DC dendritic cells, IL interleukin, TNF tumor necrosis factor, CRP C-reactive protein


Another missing aspect in the studies, certainly representing a reality to face in daily clinical practice, is the concomitant presence in some patients with arthritis of a condition of fibromyalgia (FM) [100]. FM, defined as an idiopathic syndrome causing an increase in muscle tension, shares numerous symptoms with both depressive disorder and inflammatory arthritis, such as chronic pain, stiffness, fatigue, insomnia and sleep disorders [101]. FM patients present a decrease in serotonin levels, which may lead to the development of anxiety and depressive disorders [102]. How can depression as comorbidity and depression as a consequence of a concomitant FM syndrome be distinguish? There are currently few answers, but none are satisfactory. Further prospective studies are, therefore, necessary to evaluate this important aspect of rheumatology and allowing physicians, in the future, not only to differentiate the type of rheumatological patient, but also to start a specific treatment focused on the problem to be addressed.
Finally, a short focus on therapies. Studies conducted on the use of TNF-i for the treatment of joint disease and comorbid depressive symptoms were considered. The data are scarce, partially inconsistent, and certainly not comforting. In fact, the results show that TNF-i are only partially effective in softening depressive and anxiety symptoms in patients who have an adequate clinical response regarding joint symptoms [80]. On the other hand, psychotropic drugs used in the management of patients may exacerbate the level of fatigue [82] and interact with treatments commonly used for arthritis management, such as NSAIDs and DMARDs [83].
Conclusion
Studies considered highlighted an intriguing relationship between inflammatory rheumatological diseases and depression. This relationship is related either to the causes of the co-occurrence of the diseases or their similar clinical pattern. However, additional important shortcomings in the evidence of the prevalence of depression in inflammatory arthritis, need to be addressed. Symptoms of depression and anxiety have several implications on disease activity, primarily due to their influence on tender joints and on patient global assessment. The knowledge of the common pathogenetic mechanisms among the two disorders should have implications for treatment decision-making in inflammatory diseases. Inflammatory markers may indicate significant psychological morbidity and related non-inflammatory pain, rather than true disease activity. There are still too few studies analyzing the burden of depression in rheumatological patients, in particular in patients with PsA and SpA, and they are extremely heterogeneous both in the characteristics of the population taken into consideration and in the methods used to treat depressive disorders. No studies on fibromyalgia syndrome are, as yet, available.
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