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Rheumatoid Arthritis (RA) is a chronic inflammatory disease characterized by a heterogeneous clinical response
to the different treatments. Some patients are difficult to treat and do not reach the treatment targets as clinical
remission or low disease activity. Known negative prognostic factors, such as the presence of auto-antiantibodies
and joint erosion, the presence of a genetic profile, comorbidities and extra-articular manifestations, pregnancy
or a pregnancy wish may concur to the treatment failure. In this review we aimed at identify difficult to treat RA
patients and define the optimal therapeutic and environmental targets. Genetic markers of severity such as HLADRB1, TRAF1, PSORS1C1 and microRNA 146a are differently associated with joint damage; other gene polymorphisms seem to be associated with response to biologic disease modifying anti-rheumatic drugs (bDMARDs).
The presence of comorbidities and/or extra-articular manifestations may influence the therapeutic choice;
overweight and obese patients are less responsive to TNF inhibitors. In this context the patient profiling can
improve the clinical outcome. Targeting different pathways, molecules, and cells involved in the pathogenesis of
RA may in part justify the lack response of some patients. An overview of the future therapeutic targets, including bDMARDs (inhibitors of IL-6, GM-CSF, matrix metalloproteinases, chemokines) and targeted synthetic
DMARDs (filgotinib, ABT-494, pefacitinib, decernotinib), and environmental targets is addressed. Environmental
factors, such as diet and cigarette smoke, may influence susceptibility to autoimmune diseases and interfere with
inflammatory pathways. Mediterranean diet, low salt intake, cocoa, curcumin, and physical activity seem to
show beneficial effects, however studies of dose finding, safety and efficacy in RA need to be performed.

1. Identify difficult to treat RA
Heterogeneous clinical phenotypes, different patterns of response to
therapy and mosaic severity disease among RA patients had raised the
need among clinicians to identify possible response predicting factors
and profile single RA patient conditions.
1.1. Genetic risk factors
Genetic biomarkers have been investigated in several studies to
determine whether a personalized approach, based on individual
characteristics, might be possible. > 100 genes variants are known to
promote the risk of developing RA and, among these, the main influence is linked to HLA-DR (HLA DR1 and HLA DR4) [1]. The molecules
encoded by the risk allele HLA-DRB1 share a conserved 5-aminoacid
sequence that is associated with the development of anti-citrullinated
protein antibodies (ACPA), leading to the genesis of the “shared epitope” hypothesis [2]. The identification of genetic markers of severity is
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debated since the definition of severity is not standardized and the
disease outcome changes over time being influenced by several confounding factors. The presence of HLA-DRB1 alleles seems to predict
radiographic damage, which may be partially mediated by ACPA development, and also elevated sera inflammatory levels and high swollen
joint count [3–5]. Genetic markers of severity may be different between
ACPA-positive and ACPA-negative RA. Apart from HLA loci, SNPs located near TNF receptor-associated factor 1 (TRAF1) have been associated with radiographic damage in several independent cohorts [6].
Ciccacci et al. investigated a total of 12 SNPs and related them to
presence of Rheumatoid Factor (RF), ACPA and clinical phenotype in a
cohort of 192 biologic drugs naïve Italian RA patients. SNPs in the gene
psoriasis susceptibility 1 candidate 1 (PSORS1C1) and microRNA 146a
(MIR146A) were protective regarding the presence of bone erosions and
RF respectively; meanwhile SNPs in the gene protein tyrosine phosphatase non-receptor type 2 (PTPN2) were associated with a severe
disease phenotype in terms of radiographic damage [7]. Another SNP
located in the Forkhead Box O3A (FOXO3A) gene region has been
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described as associated with worst disease course in several TNFmediated conditions, including RA. The minor allele at FOXO3A induces a differential response of monocytes in RA patients with a consequent increase in the production of pro-inflammatory cytokines, including TNFα [8]. Moreover, epigenetic changes had recently been
identified as a crucial link between genetic and disease risk [9]. Epigenetic is defined as heritable changes in the genome that are independent from the DNA sequence and can control genes expressions
influencing disease risk, prognosis and drug response [10]. DNA methylation studies suggest that differentially methylated genes could
alter fibroblast-like synoviocytes (FLS) gene expression and contribute
to the pathogenesis and severity of RA. In RA synovium, FLS assume an
aggressive phenotype that contributes to joint damage and can evolve
throughout the timing of the disease, as late RA cells are related to a
more aggressive pattern of synoviocites than early RA ones. Evidence
suggests that several SNPs are involved not only in the subset of RA, but
might also be adopted as predictive factors of response to therapy [7].
The interest in building a personalized medicine has led many studies
investigating possible gene polymorphisms associated with response to
TNF inhibitors (TNFi): the presence of specific SNPs in STAT4, PTPN2,
PSORS1C1 and TRAF3IP2 genes seemed to correlate with a better response to TNFi treatment in a group of Italian RA patients [11]. However, despite recent discoveries, several meta-analysis demonstrated
that SNPs failed to improve prediction of response to TNFi when added
to standard markers as sex, age and methotrexate use [12]. MicroRNAs
generally act as negative regulators of the expression of their target
proteins, and their increase after biologic disease modifying antirheumatic drugs (bDMARDs) combination has been associated to a reduction in the inflammatory serum markers and to improvement of the
overall disease status of patients [13]. Overall no genetic variants have
yet been robustly and consistently associated with response to therapies
used in RA. Identification of targeted bDMARDs therapies still remains
unsatisfied as disease outcome derives from the combination of both
genetic and environmental factors.

comorbidities and extra-articular manifestations, the last occurring in
about 40% of patients at any time during the course of the disease [22].
High body mass index (BMI) in RA can have a significant negative
impact on clinical outcomes, such as a high prevalence of chronic pain
and depressive symptoms [23]. Moreover, a correct assessment of disease activity may be difficult in overweight and obese RA patients.
Goossens J et al. showed that both swollen joint count and disease
activity score (DAS) might be underestimated by clinical assessment in
RA patients with high BMI when compared to ultrasound [24]. The
response to treatment seems to be influenced by BMI and varies among
bDMARDs. Overweight and obese patients are usually less responsive to
TNFi and have worse clinical course [25,26]. Recently, abatacept and
tocilizumab demonstrated clinical efficacy independently of BMI. Despite IL-6 is known to have paradoxical role in metabolic processes,
serum IL-6 is elevated in obese patients resulting in hepatic insulin
resistance. The use of tocilizumab in RA patients has been associated
with the reduction of the HbA1c level [27,28,29]. RA has long been
associated with accelerated atherosclerosis and increased cardiovascular diseases (CVD). Atherosclerosis is a recognized chronic inflammatory condition sharing cellular processes and cytokines with RA.
Increased swollen joint count, CRP levels and disease duration seems to
be associated with cardiovascular mortality in RA [30]. The presence of
comorbidities may influence the treatment strategy and clinical outcomes [31]. Therefore, RA patients are closely monitored for pre-existing comorbidities and for the possible risk of developing new ones
[32]. Treatment with bDMARDs has been associated with an increased
risk of serious infections in data from randomized controlled trials and
registries [33]. In this context an integrated approach may have a positive effect in the management of joint disease [34,35].
Extra-articular RA manifestations are severe conditions that should
be aggressively treated and monitored when present [36]. Recognized
risk factors for the presence of extra-articular manifestations are high
titers of RF, ACPA and the presence of HLA DRB1*04 subtype [37–40].
Systemic manifestations seem to be linked to vasculitis that is associated with young age and smoking status at RA diagnosis, peripheral
vascular disease, cerebrovascular disease, presence of bone erosions
and rheumatoid nodules [41]. The management of extra-articular
manifestations includes the use of glucocorticosteroids, cytotoxic
agents, such as cyclophosphamide, and bDMARDs such as TNFi, and Bcell and T-cell-targeted therapies [42,43]. Rituximab seems to offer
promising effect on interstitial lung disease [44,45]. However, the incidence of extra-articular manifestations is decreased, mostly due to
more effective management of the underlying disease in the modern
treatment era.

1.2. Multifailure
In clinical practice not all the patients gain low disease activity
(LDA) and clinical remission, therefore discovering reasons behind
therapy failure has become one of the most important issues for rheumatologists [14,15]. As recently evidenced by an international survey
conducted among rheumatologists a 5–20% of patients are difficult-totreat despite treatment according to European League Against Rheumatism (EULAR) management recommendations. The presence of some
characteristics in these patients were identified such as moderate disease activity, comorbidities, extra-articular manifestations, inability to
taper corticosteroids, fatigue and failure of 2 or more conventional
synthetic (cs)DMARDs and/or bDMARDs [16]. TNFi failure is one of the
most studied in RA patients. In a retrospective Italian cohort of 308 RA
patients treated with TNFi, 60% of study population did not reach
clinical remission. The main positive predictors for failing to reach LDA
or clinical remission were: male gender, age at the time of TNF-i
treatment ≤54 years, negative baseline C-reactive protein (CRP) and
concomitant csDMARDs, while the presence of any comorbidity resulted to be a negative predictor of remission/LDA [17,18]. Mathematical models to estimate patient's clinical response during therapy
and profile changes in gene expression of peripheral blood mononuclear cells in responders to bDMARDs could predict the efficacy of
specific treatment [19,20]. The presence of comorbidities remains a
major issue in many patients and a limitation in the choice of pharmacological therapy; comorbidity becomes not only a limitation but
also a risk factor for a worst prognosis [21].

1.4. Pregnancy and lactation
Pregnancy in patients with rheumatic conditions can be a challenge
for rheumatologist [46–48]. Highlights in the management of RA
pregnant patients are: pre-conceptional counseling, assessment and
control of disease activity before and throughout pregnancy, treatment
and pregnancy outcome [49]. Historically, effects of pregnancy on inflammatory arthritis seemed to indicate a beneficial response, particularly for RA, while recent systematic analysis showed that about 60% of
patients with RA improve during pregnancy [50,51]. Multiple studies
report an increase risk of small-for-gestational-age (SGA) infants in RA
women [52,53], as well as lower birth weight [54,55]. De Man et al.
showed that seronegative RA patients are more likely to improve disease activity during pregnancy than patients positive to those [56].
According to the suppression of the maternal immune system, which
occurs to induce tolerance against the fetus, it has been hypothesized
that a higher genetic difference between maternal and fetal HLA class II
in the DRB1, DQA and DQB alleles could induce a stronger suppression
of maternal immune system improving RA disease activity, but these
data have not been reconfirmed in following studies [57–59].
The reduced level of estrogens, which takes place during pregnancy,

1.3. Comorbidities and extra-articular manifestations
RA should not be considered merely a “joint disease” because of
707

Autoimmunity Reviews 18 (2019) 706–713

P. Conigliaro, et al.

seems to play a role in the improvement of the disease. Several studies
supports the evidence of an altered mechanism of peripheral sex hormones synthesis in synovial tissue of RA patients: intracrine synthesis of
active estrogen metabolites at the level of macrophages and fibroblasts
results in increase of inflammatory cytokines production and consequent synovial inflammation and hyperplasia [60,61]. Determination
of disease activity during pregnancy can be insidious as variants of the
DAS including erythrocyte sedimentation rate (ESR) is influenced by
pregnancy due to increased circulating fibrinogen, plasma expansion
and decreased hemoglobin concentration. Pregnancy might also influence the visual analogue of global health, which is incorporated in the
DAS [62,63]. Pre-conceptional counseling and risk assessment before
attempting pregnancy should be performed in every woman with systemic autoimmune disease to increase the probability of success.
Treatment of RA patients during pregnancy can be possible with reasonable safety for the child. Available data from literature and registries
show that a large number of conventional medications can be taken by
pregnant and lactating women: glucocorticoids, hydroxychloroquine,
azathioprine and cyclosporine are universally considered safe and
compatible with breastfeeding [64]. Non-fluorinated glucocorticoids,
such as prednisone, are metabolized by the placenta and do not reach
fetus, while fluorinated ones should be restricted to fetal indications, as,
for example, the induction of fetal lung maturation [65]. Sulfasalazine
is recommended with folate supplementation throughout the entire
pregnancy, and can be used during breastfeeding but should be avoided
in lactation of premature or ill infants [64]. Nonsteroidal anti-inflammatory drugs (NSAIDs) are not teratogenic in first and second trimester, but after week 20 can impair renal function and cause constriction of the ductus arteriosus [66]. Their concentration in breast
milk is very low and they are considered compatible with lactation
[67]. Leflunomide is teratogenic in animal studies [68], but up to now
there is no evidence of congenital malformations after first trimester
exposure when followed by cholestyramine washout [68], but data are
limited and its use is not recommended during pregnancy and breastfeeding. Methotrexate (MTX) is known to be teratogenic and to induce
miscarriages; it should be stopped 3 months before a planned pregnancy
[64,69] and should be avoided in lactating women as small amount in
breast milk has been detected. TNF inhibitors may be continued at least
in the first half of pregnancy as their use has not been associated with
congenital abnormalities or adverse pregnancy outcome [70,71]. Infliximab, Adalimumab and Etanercept demonstrated binding to the
fetal Fc receptor (FcRn) and were actively transported across the placenta, while Certolizumab Pegol showed no measurable transfer from
the maternal to the fetal circulation because of its different molecular
structure that does not contain any Fc region [71]. Evidence for fetal/
child safety is still lacking for golimumab, abatacept and rituximab, but
registry data do not suggest any evidence of harm when used before
conception or in the first trimester [70]. TNFi are compatible with
breastfeeding, as minimal transfer to breast milk has been shown for
infliximab, adalimumab, etanercept and certolizumab [70]. Hoeltzenbein et al. analyzed clinical trials and post-marketing data on the safety
of tocilizumab (TCZ) and concluded that there is no a substantial risk
for malformations after exposure shortly before conception or early in
the first trimester, but data are unclear about the increased rate of
preterm birth and low birth weight children associated with TCZ exposure [72]. Emerging new molecules as tofacitinib and baricitinib are
gaining attention on their use during pregnancy: a large population
study showed that unintentional exposure to tofacitinib during conception/pregnancy does not appear to be associated with an increased
risk to the fetus compared with general population. No information is
available to support the use of baricitinib in pregnancy or lactation, as
experience with small molecules is too small to draw any recommendation [73,74]. In conclusion, many treatment options are
available for pregnant RA patients to assure optimal pregnancy outcome. The management of pregnancies in women with autoimmune
conditions still represents a challenge and must be approached with a

multidisciplinary point of view.
2. Optimal targets in RA
Despite the constant improvement in target strategies and the new
drugs employed for the treatment of RA, some patients may still fail to
respond. This can happen for different reasons as previously discussed.
The choose of targeting different pathways, molecules, and cells involved in the pathogenesis of RA may in part justify the lack response of
some patients. Hence, different are the compartments involved and to
the same extent are the possible targets for treating RA. Therefore, it is
definitely important to identify the optimal target for each patient,
exploring the growing and interesting spectrum of precision medicine.
In the last years, the treatments available grew in an impressive way.
The treatments with a specific target currently available can be included in the bDMARDs, i.e. TNFi, costimulation modulators, IL-6-inhibitors, IL-1 inhibitors, and anti-B cell drugs, or targeted synthetic
DMARDs (tsDMARDs), such as JAK-inhibitors. This research field is
growing and new experimental target are under investigation, looking
at both innate and adaptive immunity. In more detail, when the clinical
remission or LDA are not achieved with csDMARDs, and poor prognostic factors are present a bDMARDs or tsDMARDs should be used
[75]. Recently, the transcriptional targets have been developed. A novel
and promising treatment for RA patients consists on the inhibition of
different cytokines simultaneously by using the inhibitors of the Janus
Kinase family (JAK) [76] such as tofacitinib, the first JAK-inhibitor
approved for RA treatment that preferentially inhibits JAK-3 and -1
over JAK-2, and baricitinib that is selective for JAK-1 and -2 [77–80].
3. Beyond current and new treatments
3.1. Future therapeutic targets
The interest towards the role of the innate immunity in the pathogenesis of RA is growing. FLS, residential macrophages and dendritic
cells are directly involved in the pathogenesis of RA. Accordingly, new
drugs targeting these mediators are in phase of developing. GM-CSF is a
cytokine stimulating the maturation of myeloid cells from the bone
marrow, and it is fundamental for the function and maturation of
several cells of the innate immunity, i.e. monocytes, macrophages,
neutrophils, and dendritic cells [81,82]. Some GM-CSF inhibitors have
reached the phase II-III in clinical trials for the treatment of RA which
include MOR103, namilumab, lenzilumab, gimsilumab, and mavrilimumab [83–87]. The effectiveness of anti-GM-CSF in the treatment of
RA confirm that the innate immune play an important role in the disease pathogenesis and targeting it may fill the gap we a facing in the
treatment of non-responder patients. Recently also sarilumab, the
second IL-6 inhibitor approved for the treatment of RA, demonstrated
its superiority versus adalimumab in monotherapy [88] and it can bind
IL-6 with higher affinity than tocilizumab. Further inhibitors of IL-6 are
currently under investigations, such as sirukumab [89]. Other drugs are
under development, such the inhibitors of matrix metalloproteinases
that can be a promising new strategy in preventing joint destruction; a
phase II clinical trial demonstrated that andecaliximab is safe and well
tolerated in patients with RA [90]. Moreover, targeting the chemokines
can prevent the migration of different immune cells both of innate and
adaptive immunity. Thus, some chemokines inhibitors have been investigated with good preliminary results [91,92]. Furthermore, new
JAK-inhibitors are under investigation. Filgotinib and ABT-494, two
selective JAK-1 inhibitors, showed to be effective in patients with RA in
association with a good safety profile and tolerability [93–95]. Also the
JAK-inhibitor pefacitinib resulted effective and well tolerated in patients with moderate-to-severe RA in combination with csDMARDs
[96]. Lastly, the selective JAK-3 inhibitor decernotinib demonstrated it
efficacy in treating active RA both in association with csDMARDs and in
monotherapy [97,98]. The potential drugs that can be used for the
708
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treatment of RA are clearly growing with the hope of reducing the
number of non-responder patients, in the meantime the attention of
clinician dealing with should be focused on stratifying the risk and
predict the response to these treatments, as well to treat the environmental and life style risk factors with the goal of reaching the remission
in the highest number of patients.

[116]. Dose-dependent validation experiments showed down-regulation at mRNA levels of key inflammation-related genes including
STAT1, TNF, IFNγ, and PPARG [99]. In RA contradictory data have
been provided on the association between caffeine consumption and RA
risk [106,117] possibly due to confounding factors as smoking habit. A
meta-analysis stratified by seropositivity indicated a significant association between coffee consumption and seropositive RA risk [118].
Cocoa is a potent antioxidant, rich in polyphenols, and influences the
innate and adaptive immune response with stimulatory effects [119].
The effect of a cocoa diet on in vivo models of arthritis, such as adjuvant
arthritis and collagen-induced arthritis, has been reported to be partially protective towards the synthesis of autoantibodies, to reduce
oxidative stress and ROS production, to prevent decrease in T-reg serum
levels, although it does not reduce significantly joint swelling
[120,121,122]. Turmeric (Curcuma longa) is an herb belonging to
ginger family with a long history of use as food and as anti-inflammatory treatment in traditional Chinese and Ayurvedic medicine
[123]. However, the systemic bioavailability of curcumin is known to
be poor [124]. Unlike ginger, turmeric and curcumin do not modulate
COX-1 activity, but modify NF-κB signaling, pro-inflammatory cytokines such as interleukin production and phospholipase A2, COX-2, and
5-lipoxygenase activities [125]. Curcumin has various pharmacological
activities and acts by inhibiting cell proliferation and down-regulating
various factors, including nuclear factor kappa B, IL-1β and TNF-α
[126]. In a rat-model of experimentally induced arthritis, a combination of ginger and turmeric rhizomes was superior to indomethacin
regarding the ability to alleviate both joint histopathological changes,
and the extra-articular manifestations, including systemic inflammation
[127]. A systematic review and meta-analysis evaluated the scientific
evidence supporting the efficacy of turmeric extract (1000 mg/day of
curcumin) in the treatment of osteoarthritis. Results suggested that
curcumin (about 1 g/day) might have similar effects as analgesic and
improve joint function in comparison with the placebo group [125].
However, future studies of dose finding, safety and efficacy in RA need
to be performed.
Cigarette smoke is the risk factor that has the unequivocal strong
association with RA: it has been repeatedly shown to increase the risk of
ACPA-positive RA [128]. The risk of developing anti-CCP antibodies
appears to be related to the severity of the disease in genetically predisposed individuals with the shared HLA-DRB1 gene epitope [129].
The role of smoke on radiographic progression appears controversial:
Finckh et al. showed that radiographic joint damage progressed at an
equivalent rate in smokers and non-smokers. Furthermore, a significant
trend was observed for reduced radiographic progression and generally
more favorable functional scores among heavy smokers, suggesting that
cigarette smoke does not accelerate RA disease progression [130]. A
recent study for the identification of risk factors for rapid joint destruction in RA investigated the relationship between the characteristics
of the RA patient and the subsequent rapid radiographic progression,
concluding that history of smoking, presence of RF and/or ACPA, early
erosions, high initial disease activity and active disease at one year,
increase the risk of radiographic progression [131]. Recent studies have
shown an influence of cigarette smoking on RA patients' response to
anti-rheumatic drugs. Smokers taking anti-TNF-α have a reduced
chance of achieving a moderate response according to the EULAR response criteria compared to non-smokers [132]. Likewise, an observational cohort study evaluated RA patients treated with rituximab:
overall results do not support smoking as an important predictor of RTX
response in patients with RA [133].
Physical activity is a crucial part of the co-adiuvant therapies used
in the management of patients affected by RA [134,135]. Many clinical
trials have emphasized an improvement in aerobic capacity and muscle
strength after physical exercise programs in RA patients. Furthermore,
physical activity seems to produce a shift in the Th1/Th2 balance to a
decreased Th1 cell production [136] and to promote in muscles the
release of IL-6, a myokine with an anti-inflammatory action [137]. A

3.2. Environmental targets
Environmental factors, particularly diet, may influence susceptibility to autoimmune diseases by epigenetic mechanisms such as DNA
methylation and histone modification processes [99]. The diet can be a
potential aggravating or protective factor for RA in symptomatic relief
[100]. Evidence suggests that various foods may help in reducing levels
of inflammatory cytokines in RA patients [101]. The Mediterranean
diet, rich in plant-based foods such as wholegrains, legumes, fruit, vegetables, extra-virgin olive oil and low in red meat consumption, might
have the potential to reduce the risk of RA [102,103]. An important
component of mediterranean diet is olive oil that has antioxidant
properties and anti-inflammatory effects similar to those of n-3 polyunsaturated fatty acids (PUFA) from fish oils [104]. There is evidence
that PUFA supplementation has the potential to reduce inflammation
and provides clinical benefit [103]. In the murine model of collageninduced arthritis, the diet based on extra virgin olive oil has significantly reduced joint oedema and cartilage destruction, preventing
the development of arthritis, compared to the use of other oils. Significant reduction in serum cartilage olimeric matrix protein, metalloproteinase-3 and pro-inflammatory cytokines (TNF-α, IL-1β and IL-17)
was observed. Signal activation through janus kinases and mitogenactivated protein kinase was also drastically improved [105]. Fatty
acids are the precursors of prostaglandins, thromboxanes and leukotrienes. There are numerous studies demonstrating that omega 3 supplements produce beneficial effects on the symptoms of RA [102].
Consumption of long-chain omega-3 polyunsaturated fatty acids, derived from fish and fish oil, is associated with a reduced risk of RA
probably due to their anti-inflammatory properties [106]. Differently,
excessive intake of omega-6 fatty acids may induce a proinflammatory
state that may lead to inflammatory related disease [107]. High salt
intake may play a role in the development of autoimmune diseases. In
particular, high sodium intake appears to interfere with the suppressive
effects of regulatory T cells (Tregs) and promote cellular displacement
to the pro-inflammatory phenotypes T-helper (Th) -1 and Th17
[108,109]. In vitro, innate and adaptive immunity cells show an inflammatory profile when placed in hypertonic saline. In particular,
macrophages release large quantities of pro-inflammatory cytokines
and, by producing reactive oxygen species [ROS], activate the inflammasome [110]. Exposure of cells to hyperosmotic conditions causes
numerous cellular stress events that could potentially activate the inflammasome formation, for example, cytoskeletal rearrangement due to
cell shrinkage, solute influx (e.g. ions, water), and ROS production
[111]. Excessive salt intake is associated with a higher risk of developing RA, particularly in smokers [110,112]. Sodium excess reduces the
activation of innate non-inflammatory immune cells and can alter the
mechanisms of regulation of the innate and adaptive immune system
and expand the CD14 + CD16 + monocytes, leading to a general imbalance in immune homeostasis [113]. In RA patients, a trend towards
a reduction in the frequencies of Th17 cells over the low-sodium dietary
regimen was observed, while Treg cells exhibited the opposite trend
[114]. Caffeine is part of the methylxanthine family of drugs and is an
active substance on immune function by modulating innate and adaptive immune responses [115]. Caffeine and its major metabolite paraxanthine suppress neutrophil and monocyte chemotaxis, and suppress
the production of the pro-inflammatory cytokine TNF-α from human
blood [115]. High doses of caffeine seem to have an immunosuppressive action reducing activity of macrophages, natural
killer cells and inflammatory cytokines such as IL-2, IL-6 and TNF-α
709
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recent meta-analysis conducted by Baillet and collaborators analized 40
Randomized controlled trials, including 1.040 patients with a diagnosis
of RA, evidenced how cardiorespiratory aerobic conditioning exercise
could improve the quality of life and disability, preserving a global
safety and good compliance [138]. Moreover, physical exercise in autoimmune diseases due to anti-inflammatory mechanisms, decreases
the cardiovascular risk in patients with RA, whereas bone mineral
density and joints mobility improve [139]. All the aspects described can
result in a reduction of disease flares and chronic use of NSAIDs, a
minor incidence of cardiovascular accidents and other comorbidities,
and an easier management of drug therapy [140]. Despite all the evidences collected from these studies, there are few recommendations
concerning type, frequency and duration of physical exercise in these
patients. EULAR recommendations published in 2018 for physicians
concerning physical activity in inflammatory arthritis [141] suggest to
introduce physical exercise as co-adiuvant medication in RA patients
and refer to the American College of Sports Medicine and American
Heart Association primary physical activity recommendations, without
taking into account difficulties which can be faced by patients with
arthritis in the execution of different kind of exercise. Moreover, EULAR
recommendations published in 2018 for health professional's regarding
the management of pain in patients with arthritis [142] highlight the
value of introducing aerobic exercise, strength and resistance training
to improve quality of life of patients, however without examining the
topic in a more detailed way. It is clear that a more specific and routed
protocol of physical activity is required in the handling of these patients. Clinical trials on behavioral targets in RA are mandatory to explore their role in the management of RA (Table 1).

with anti-TNFα. Arthritis Res Ther 2015;17:49.
[14] Wijbrandts CA, Tak PP. Prediction of response to targeted treatment in rheumatoid
arthritis. Mayo Clin Proc 2017;92(7):1129–43.
[15] Chimenti MS, Triggianese P, Conigliaro P, et al. A 2-year observational study on
treatment targets in psoriatic arthritis patients treated with TNF inhibitors. Clin
Rheumatol 2017;36(10):2253–60.
[16] Roodenrijs NMT, de Hair MJH, van der Goes MC, et al. Characteristics of difficultto-treat rheumatoid arthritis: results of an international survey. Ann Rheum Dis
2018;77:1705–9.
[17] Conigliaro P, Chimenti MS, Triggianese P, et al. Remission and low disease activity
in a cohort of real-life patients with rheumatoid arthritis treated with first-line
antitumour necrosis factor. J Int Med Res 2016;44:90–4.
[18] Conigliaro P, Triggianese P, Chimenti MS, et al. Factors predicting 2 years of remission and low disease activity in rheumatoid arthritis patients treated with TNFinhibitors. Isr Med Assoc J 2017;19(8):467–72.
[19] Bazzichi L, Rossi P, Giacomelli C, et al. A proposal of simple calculation (ERI
calculator) to predict the early response to TNF-α blockers therapy in rheumatoid
arthritis. Rheumatol Int 2012;32(2):349–56.
[20] Meugnier E, Coury F, Tebib J, et al. Gene expression profiling in peripheral blood
cells of patients with rheumatoid arthritis in response to anti-TNF-alpha treatments. Physiol Genomics 2011;43:365–71.
[21] Ranganath VK, Maranian P, Elashoff DA, et al. Comorbidities are associated with
poorer outcomes in community patients with rheumatoid arthritis. Rheumatology
(Oxford) 2013;52(10):1809–17.
[22] Cojocaru M, Cojocaru IM, Silosi I, et al. Extra-articular manifestations in rheumatoid arthritis. Maedica (Buchar) 2010;5(4):286–91.
[23] Arranz LI, Rafecas M, Alegre C. Effects of obesity on function and quality of life in
chronic pain conditions. Curr Rheumatol Rep 2014;16(1):390.
[24] Goossens J, Coustet B, Palazzo E, et al. Overweight and obesity affect clinical assessment of synovitis in rheumatoid arthritis: comparison of ultrasonography and
clinical exam. Clin Exp Rheumatol 2019;37:49–54.
[25] Daïen IC, Sellam J. Obesity and inflammatory arthritis: impact on occurrence,
disease characteristics and therapeutic response. RMD Open 2015;29. [1(1)].
[26] Gremese E, Carletto A, Padovan M, et al. Obesity and reduction of the response
rate to anti-tumor necrosis factor α in rheumatoid arthritis: an approach to a
personalized medicine. Arthritis Care Res (Hoboken) 2013;65(1):94–100.
[27] D'Agostino MA, Alten R, Mysler E, et al. Body mass index and clinical response to
intravenous or subcutaneous abatacept in patients with rheumatoid arthritis. Clin
Rheumatol 2017;36(12):2655–65.
[28] Iannone F, Courvoisier DS, Gottenberg JE, et al. Body mass does not impact the
clinical response to intravenous abatacept in patients with rheumatoid arthritis.
Analysis from the pan-European registry collaboration for abatacept (PANABA).
Clin Rheumatol 2017;36(4):773–9.
[29] Gardette A, Ottaviani S, Sellam J, et al. Body mass index and response to tocilizumab in rheumatoid arthritis: a real life study. Clin Rheumatol
2016;35(4):857–61.
[30] Skeoch S, Bruce IN. Atherosclerosis in rheumatoid arthritis: is it all about inflammation? Nat Rev Rheumatol 2015;11(7):390–400.
[31] Dougados M, Soubrier M, Antunez A, et al. Prevalence of comorbidities in rheumatoid arthritis and evaluation of their monitoring: results of an international,
cross-sectional study (COMORA). Ann Rheum Dis 2014;73(1):62–8.
[32] Galloway JB, Hyrich KL, Mercer LK, et al. Anti-TNF therapy is associated with an
increased risk of serious infections in patients with rheumatoid arthritis especially
in the first 6 months of treatment: updated results from the British Society for
Rheumatology biologics register with special emphasis on risks in the elderly.
Rheumatology (Oxford) 2011;50(1):124–31.
[33] Ballanti E, Conigliaro P, Chimenti MS, et al. Use of anti-tumor necrosis factor alpha
therapy in patients with concurrent rheumatoid arthritis and hepatitis B or hepatitis C: a retrospective analysis of 32 patients. Drug Dev Res 2014;75(Suppl.
1):S42–5.
[34] Conigliaro P, Chimenti MS, Ascolani M, et al. Impact of a multidisciplinary approach in enteropathic spondyloarthritis patients. Autoimmun Rev
2016;15(2):184–90.
[35] Romano S, Salustri E, Ruscitti P, et al. Cardiovascular and metabolic comorbidities
in rheumatoid arthritis. Curr Rheumatol Rep 2018;20(12):81.
[36] Gardette A, Ottaviani S, Sellam J, et al. Body mass index and response to tocilizumab in rheumatoid arthritis: a real life study. Clin Rheumatol
2016;35(4):857–61.
[37] Voskuyl AE, Zwinderman AH, Westedt ML, et al. Factors associated with the development of vasculitis in rheumatoid arthritis: results of a case-control study. Ann
Rheum Dis 1996;55:190–2.
[38] Turesson C, Jacobsson L, Bergström U, et al. Predictors of extra-articular manifestations in rheumatoid arthritis. Scand J Rheumatol 2000;29:358–64.
[39] Weyand CM, Xie C, Goronzy JJ. Homozygosity for the HLA-DRB1 allele selects for
extraarticular manifestations in rheumatoid arthritis. J Clin Invest
1992;89:2033–9.
[40] Turesson C, Jacobsson LT, Sturfelt G, et al. Rheumatoid factor and antibodies to
cyclic citrullinated peptides are associated with severe extra-articular manifestations in rheumatoid arthritis. Ann Rheum Dis 2007;66(1):59–64.
[41] Makol A, Crowson CS, Wetter DA, et al. Vasculitis associated with rheumatoid
arthrtis: a case-control study. Rheumatology (Oxford) 2014;53(5):890–9.
[42] Sokumbi O, Wetter DA, Makol A, et al. Vasculitis associated with tumor necrosis
factor-α inhibitors. Mayo Clin Proc 2012;87(8):739–45.
[43] Das S, Padhan P. An overview of the Extraarticular involvement in rheumatoid
arthritis and its management. J Pharmacol Pharmacother 2017;8(3):81–6.
[44] Iqbal K, Kelly C. Treatment of rheumatoid arthritis-associated interstitial lung

Competing interests
The authors declare they have no competing interests.
Acknowledgements
None.
References
[1] Raychaudhuri S, et al. Genetic variants at CD28, PRDM1 and CD2/CD58 are associated with rheumatoid arthritis risk. Nat Genet 2009;41:1313–8.
[2] Gregersen PK, Silver J, Winchester RJ. The shared epitope hypothesis. an approach
to understanding the molecular genetics of susceptibility to rheumatoid arthritis.
Arthritis Rheum 1987;30:1205–13.
[3] Viatte S, Barton A. The role of rheumatoid arthritis genetic susceptibility markers
in the prediction of erosive disease. Eur Musculoskelet Rev 2012;7(2):102–7.
[4] Viatte S, Plant D, Han B, et al. Association of HLA-DRB1 haplotypes with rheumatoid arthritis severity, mortality, and treatment response. JAMA
2015;313:1645–56.
[5] Ling SF, Viatte S, Lunt M, et al. HLA-DRB1 amino acid positions 11/13, 71, and 74
are associated with inflammation level, disease activity, and the health assessment
questionnaire score in patients with inflammatory polyarthritis. Arthritis
Rheumatol 2016;68:2618–28.
[6] de Rooy DP, Tsonaka R, Andersson ML, et al. Genetic factors for the severity
ofACPA-negative rheumatoid arthritis in 2 cohorts of early disease: a genome-wide
study. J Rheumatol 2015;42:1383–91.
[7] Ciccacci C, Conigliaro P, Perricone C, et al. Polymorphisms in STAT-4, IL-10,
PSORS1C1,PTPN2 and MIR146A genes are associated differently with prognostic
factors in Italian patients affected by rheumatoid arthritis. Clin Exp Immunol
2016;186:157–63.
[8] Viatte S, Barton A. Genetics of rheumatoid arthritis susceptibility, severity,and
treatment response. Semin Immunopathol 2017;39:395–408.
[9] Bottini N, Firestein GS. Duality of fibroblast-like synoviocytes in RA: passive responders and imprinted aggressors. Nat Rev Rheumatol 2013;9:24–33.
[10] Nakano K, Whitaker JW, Boyle DL, et al. DNA methylome signature of rheumatoid
arthritis synoviocytes. Ann Rheum Dis 2013;72:110–7.
[11] Conigliaro P, Ciccacci C, Politi C, et al. Polymorphisms in STAT4, PTPN2,
PSORS1C1 and TRAF3IP2 genes are associated with the response to tnf inhibitors
in patients with rheumatoid arthritis. PLoS One 2017;12(1):e0169956.
[12] Sieberts SK, et al. Crowdsourced assessment of common genetic contribution to
predicting anti-TNF treatment response in rheumatoid arthritis. Nat Commun
2013;7:12460.
[13] Castro-Villegas C, Pérez-Sánchez C, Escudero A, et al. Circulating miRNAs as potential biomarkers of therapy effectiveness in rheumatoid arthritis patients treated

711

Autoimmunity Reviews 18 (2019) 706–713

P. Conigliaro, et al.
disease: a perspective review. Ther Adv Musculoskelet Dis 2015;7(6):247–67.
[45] Druce KL, Iqbal K, Watson KD, et al. Mortality in patients with interstitial lung
disease treated with rituximab or TNFi as a first biologic. RMD Open
2017;3(1):e000473.
[46] Andreoli L, Lazzaroni MG, Carini C, et al. "Disease knowledge index" and perspectives on reproductive issues: a nationwide study on 398 women with autoimmune rheumatic diseases. Joint Bone Spine 2018;10(18):30257–64.
[47] Andreoli L, Gerardi MC, Fernandes M, et al. Disease activity assessment of rheumatic diseases during pregnancy: a comprehensive review of indices used in
clinical studies. Autoimmun Rev 2019;18(2):164–76.
[48] Perricone C, de Carolis C, Perricone R. Pregnancy and autoimmunity: a common
problem. Best Pract Res Clin Rheumatol 2012;26(1):47–60.
[49] Østensen M, Andreoli L, Brucato A, et al. State of the art: reproduction and
pregnancy in rheumatic diseases. Autoimmun Rev 2015;14(5):376–86.
[50] Jethwa H, Lam S, Smith C, et al. Does rheumatoid arthritis really improve during
pregnancy? A systematic review and Metaanalysis. J Rheumatol 2018:180–226.
[51] de Man YA, Dolhain RJ, Van de Geijn FE, et al. Disease activity of rheumatoid
arthritis during pregnancy: results from a nationwide prospective study. Arthritis
Rheum 2008;59:1241–8.
[52] Skomsvoll JF, Ostensen M, Irgens LM, et al. Perinatal outcome in pregnancies of
women with connective tissue disease and inflammatory rheumatic disease in
Norway. Scand J Rheumatol 999;28:352–356.
[53] Wolfberg AJ, Lee-Parritz A, Peller AJ, et al. Association of rheumatologic disease
with preeclampsia. Obstet Gynecol 2004;103(6):1190–3.
[54] Ong KK, Dunger DB. Perinatal growth failure: the road to obesity, insulin resistance and cardiovascular rdisease in adults. Best Pract Res Clin Endocrinol
Metab 2002;16:191–207.
[55] Leunissen RW, Kerkhof GF, Stijnen T, et al. Timing and temp of first-year rapid
growth in relation of cardiovascular and metabolic risk profile in early adulthood.
JAMA 2009;301:2234–42.
[56] de Man YA, Bakker-Jonges LE, Goorbergh CM, et al. Women with rheumatoid
arthritis negative for anti-cyclic citrullinated peptide and rheumatoid factor are
more likely to improve during pregnancy, whereas in autoantibody-positive
women autoantibody levels are not influenced by pregnancy. Ann Rheum Dis
2010;69(2):420–3.
[57] Nelson JL, Hansen JA. Autoimmune diseases and HLA. Crit Rev Immunol
1990;10(4):307–28.
[58] van der Horst-Bruinsma IE, de Vries RR, de Buck PD, et al. Influence of HLA-class II
incompatibility between mother and fetus on the development and course of
rheumatoid arthritis of the mother. Ann Rheum Dis 1998;57:286–90.
[59] Zrour SH, Boumiza R, Sakly N, et al. The impact of pregnancy on rheumatoid
arthritis outcome: the role of materno fetal HLA class II disparity. Jt Bone Spine
2010;77:36–40.
[60] Capellino S, Straub RH, Cutolo M. Aromatase and regulation of the estrogen-to
androgen ratio in synovial tissue inflammation: common pathway in both sexes.
Ann N Y Acad Sci 2014;1317:24–31.
[61] Capellino S, Montagna P, Villaggio B, et al. Hydroxylated estrogen metabolites
influence the proliferation of cultured human monocytes: possible role in synovial
tissue hyperplasia. Clin Exp Rheumatol 2008;26(5):903–9.
[62] van den Broe NR, Letsky EA. Pregnancy and the erythrocyte sedimentation rate.
BJOG 2001;108(11):1164–7.
[63] de Man YA, Hazes JM, van de Geijn FE, et al. Measuring disease activity and
functionality during pregnancy in patients with rheumatoid arthritis. Arthritis
Rheum 2007;57(5):716–22. 15.
[64] Østensen M, Khamashta M, Lockshin M, et al. Anti-inflammatory and immunosuppressive drugs and reproduction. Arthritis Res Ther 2006;8(3):209.
[65] Gotestam Skorpen C, Hoeltzenbein M, Tincani A, et al. The EULAR points to
consider for use of antirheumatic drugs before pregnancy, and during pregnancy
and lactation. Ann Rheum Dis 016;75(5):795–810.
[66] Bermas BL. Non-steroidal anti inflammatory drugs, glucocorticoids and disease
modifying anti-rheumatic drugs for the management of rheumatoid arthritis before
and during pregnancy. Curr Opin Rheumatol 2014;26(3):334–40.
[67] Østensen M, Khamashta M, Lockshin M, et al. Anti-inflammatory and immunosuppressive drugs and reproduction. Arthritis Res Ther 2006;8(3):209.
[68] Weber-Schoendorfer C, Beck E, Tissen-Diabaté T, et al. Leflunomide – a human
teratogen? A still not answered question. An evaluation of the German Embryotox
pharmacovigilance database. Reprod Toxicol 2017;71:101–7.
[69] Weber-Schoendorfer C, Chambers C, Wacker E, et al. Pregnancy outcome after
methotrexate treatment for rheumatic disease prior to or during early pregnancy: a
prospective multicenter cohort study. Arthritis Rheumatol 2014;66(5):1101–10.
[70] Hyrich KL, Verstappen SM. Biologic therapies and pregnancy: the story so far.
Rheumatology (Oxford) 2014;53(8):1377–85.
[71] Chaudrey KH, Kane SV. Safety of Immunomodulators and anti-TNF therapy in
pregnancy. Curr Treat Options Gastroenterol 2015;13(1):77–89.
[72] Weber-Schoendorfer C, Schaefer C. Pregnancy outcome after tocilizumab therapy
in early pregnancy-a case series from the German Embryotox Pharmacovigilance
Center. Reprod Toxicol 2016;60:29–32.
[73] Clowse ME, Feldman SR, Isaacs JD, et al. Pregnancy outcomes in the Tofacitinib
safety databases for rheumatoid arthritis and psoriasis. Drug Saf
2016;39(8):755–62.
[74] Gerosa M, Argolini LM, Artusi C, et al. The use of biologics and small molecules in
pregnant patients with rheumatic diseases. Expert Rev Clin Pharmacol
2018;11(10):987–98.
[75] Smolen JS, Landewé R, Bijlsma J, et al. EULAR recommendations for the management of rheumatoid arthritis with synthetic and biological disease-modifying
antirheumatic drugs: 2016 update. Ann Rheum Dis 2017;76(6):960–77.

[76] Venkatesha SH, Dudics S, Acharya B, et al. Cytokine-modulating strategies and
newer cytokine targets for arthritis therapy. Int J Mol Sci 2014;16(1):887–906.
[77] Fleischmann R, Kremer J, Cush J, et al. Placebo-controlled trial of tofacitinib
monotherapy in rheumatoid arthritis. N Engl J Med 2012;367(6):495–507.
[78] van der Heijde D, Tanaka Y, Fleischmann R, et al. Tofacitinib (CP-690,550) in
patients with rheumatoid arthritis receiving methotrexate: twelve-month data
from a twenty-four-month phase III randomized radiographic study. Arthritis
Rheum 2013;65(3):559–70.
[79] Fleischmann R, Mysler E, Hall S, et al. Efficacy and safety of tofacitinib monotherapy, tofacitinib with methotrexate, and adalimumab with methotrexate in
patients with rheumatoid arthritis (ORAL strategy): a phase IIIb/IV, double-blind,
head-to-head, randomised controlled trial. Lancet 2017;390(10093):457–546.
[80] Kunwar S, Collins CE, Constantinescu F. Baricitinib, a Janus kinase inhibitor, in the
treatment of rheumatoid arthritis: a systematic literature review and meta-analysis
of randomized controlled trials. Clin Rheumatol 2018 Jul 13;37:2611–20.
[81] Hamilton JA. Colony-stimulating factors in inflammation and autoimmunity. Nat
Rev Immunol 2008;8:533–44.
[82] Fleetwood AJ, Cook AD, Hamilton JA. Functions of granulocyte-macrophage
colony- stimulating factor. Crit Rev Immunol 2005;25:405–28.
[83] Behrens F, Tak PP, Ostergaard M, et al. MOR103, a human monoclonal antibody to
granulocyte-macrophage colony-stimulating factor, in the treatment of patients
with moderate rheumatoid arthritis: results of a phase Ib/IIa randomised, doubleblind, placebo-controlled, dose-escalation trial. Ann Rheum Dis 2015;74:1058–64.
[84] Molfino NA, Kuna P, Leff JA, et al. Phase 2, randomised placebo-controlled trial to
evaluate the efficacy and safety of an anti-GM- CSF antibody (KB003) in patients
with inadequately controlled asthma. BMJ Open 2016;6. e007709.
[85] Huizinga TW, Batalov A, Stoilov R, et al. Phase 1b randomized, double-blind study
of namilumab, an anti-granulocyte macrophage colony-stimulating factor monoclonal antibody, in mild-to-moderate rheumatoid arthritis. Arthritis Res Ther
2017;19:53.
[86] Burmester GR, Weinblatt ME, McInnes IB, et al. Efficacy and safety of mavrilimumab in subjects with rheumatoid arthritis. Ann Rheum Dis 2013;72:1445–52.
[87] Guo X, Higgs BW, Bay-Jensen AC, et al. Blockade of GM-CSF pathway induced
sustained suppression of myeloid and T cell activities in rheumatoid arthritis.
Rheumatology (Oxford) 2018;57(1):175–84.
[88] Burmester GR, Lin Y, Patel R, et al. Efficacy and safety of sarilumab monotherapy
versus adalimumab monotherapy for the treatment of patients with active rheumatoid arthritis (MONARCH): a randomised, double-blind, parallel-group phase III
trial. Ann Rheum Dis 2017;76(5):840–7.
[89] Aletaha D, Bingham 3rd CO, Tanaka Y, et al. Efficacy and safety of sirukumab in
patients with active rheumatoid arthritis refractory to anti-TNF therapy
(SIRROUND-T): a randomised, double-blind, placebo-controlled, parallel-group,
multinational, phase 3 study. Lancet 2017;389(10075):1206–17.
[90] Gossage DL, Cieslarová B, Ap S, et al. Phase 1b study of the safety, pharmacokinetics, and disease-related outcomes of the matrix Metalloproteinase-9 inhibitor
Andecaliximab in patients with rheumatoid arthritis. Clin Ther
2018;40(1):156–165.e5.
[91] Tanaka Y, Takeuchi T, Umehara H, et al. Safety, pharmacokinetics, and efficacy of
E6011, an antifractalkine monoclonal antibody, in a first-in-patient phase 1/2
study on rheumatoid arthritis. Mod Rheumatol 2018;28(1):58–65.
[92] Moschovakis GL, Bubke A, Friedrichsen M, et al. The chemokine receptor CCR7 is a
promising target for rheumatoid arthritis therapy. Cell Mol Immunol 2018 Jul 4.
https://doi.org/10.1038/s41423-018-0056-5.
[93] Vanhoutte F, Mazur M, Voloshyn O, et al. Efficacy, safety, pharmacokinetics, and
pharmacodynamics of Filgotinib, a selective JAK-1 inhibitor, after short-term
treatment of rheumatoid arthritis: results of two randomized phase IIa trials.
Arthritis Rheumatol 2017;69(10):1949–59.
[94] Kremer JM, Emery P, Camp HS, et al. A phase IIb study of ABT-494, a selective
JAK-1 inhibitor, in patients with rheumatoid arthritis and an inadequate response
to anti-tumor necrosis factor therapy. Arthritis Rheumatol 2016;68(12):2867–77.
[95] Genovese MC, Smolen JS, Weinblatt ME, et al. Efficacy and safety of ABT-494, a
selective JAK-1 inhibitor, in a phase IIb study in patients with rheumatoid arthritis
and an inadequate response to methotrexate. Arthritis Rheumatol
2016;68(12):2857–66.
[96] Genovese MC, Greenwald M, Codding C, et al. Peficitinib, a JAK inhibitor, in
combination with limited conventional synthetic disease-modifying Antirheumatic
drugs in the treatment of moderate-to-severe rheumatoid arthritis. Arthritis
Rheumatol 2017;69(5):932–42.
[97] Genovese MC, van Vollenhoven RF, Pacheco-Tena C, et al. VX-509 (Decernotinib),
an Oral selective JAK-3 inhibitor, in combination with methotrexate in patients
with rheumatoid arthritis. Arthritis Rheumatol 2016;68(1):46–55.
[98] Fleischmann RM, Damjanov NS, Kivitz AJ, et al. A randomized, double-blind,
placebo-controlled, twelve-week, dose-ranging study of decernotinib, an oral selective JAK-3 inhibitor, as monotherapy in patients with active rheumatoid arthritis. Arthritis Rheumatol 2015;67(2):334–43.
[99] Iris M, Tsou PS, Sawalha AH. Caffeine inhibits STAT1 signaling and downregulates
inflammatory pathways involved in autoimmunity. Clin Immunol
2018;192:68–77.
[100] Forsyth C, Kouvari M, D'Cunha NM, et al. The effects of the Mediterranean diet on
rheumatoid arthritis prevention and treatment: a systematic review of human
prospective studies. Rheumatol Int 2018;38(5):737–47.
[101] Khanna S, Jaiswal KS, Gupta B. Managing rheumatoid arthritis with dietary interventions. Front Nutr 2017;4:52.
[102] Philippou E, Nikiphorou E. Are we really what we eat? Nutrition and its role in the
onset of rheumatoid arthritis. Autoimmun Rev 2018;17(11):1074–7.
[103] Petersson S, Philippou E, Rodomar C, et al. The Mediterranean diet, fish oil

712

Autoimmunity Reviews 18 (2019) 706–713

P. Conigliaro, et al.

[104]
[105]
[106]
[107]

[108]
[109]
[110]
[111]
[112]
[113]
[114]
[115]
[116]
[117]
[118]
[119]
[120]
[121]
[122]
[123]
[124]

supplements and rheumatoid arthritis outcomes: evidence from clinical trials.
Autoimmun Rev 2018;17(11):1105–14.
Sköldstam L, Hagfors L, Johansson G. An experimental study of a Mediterranean
diet intervention for patients with rheumatoid arthritis. Ann Rheum Dis
2003;62(3):208–14.
Rosillo MA, Sánchez-Hidalgo M, Sánchez-Fidalgo S, et al. Dietary extra-virgin
olive oil prevents inflammatory response and cartilage matrix degradation in
murine collagen-induced arthritis. Eur J Nutr 2016;55(1):315–25.
Rambod M, Nazarinia M, Raieskarimian F. The impact of dietary habits on the
pathogenesis of rheumatoid arthritis: a case-control study. Clin Rheumatol
2018;37(10):2643–8.
Lourdudoss C, Di Giuseppe D, Wolk A, et al. Dietary intake of polyunsaturated
fatty acids and pain in spite of inflammatory control among methotrexate-treated
early rheumatoid arthritis patients. Arthritis Care Res (Hoboken)
2018;70(2):205–12.
Sharif K, Amital H, Shoenfeld Y. The role of dietary sodium in autoimmune diseases: the salty truth. Autoimmun Rev 2018;17(11):1069–73.
Marouen S, du Cailar G, Audo R, et al. Sodium excretion is higher in patients with
rheumatoid arthritis than in matched controls. PLoS One 2017;12(10):e0186157.
Sigaux J, Semerano L, Favre G, et al. Salt, inflammatory joint disease, and autoimmunity. Joint Bone Spine 2018;85(4):411–6.
Ip WK, Medzhitov R. Macrophages monitor tissue osmolarity and induce inflammatory response through NLRP3 and NLRC4 inflammasome activation. Nat
Commun 2015 May 11;6:6931.
Sundström B, Johansson I, Rantapää-Dahlqvist S. Interaction between dietary
sodium and smoking increases the risk for rheumatoid arthritis: results from a
nested case-control study. Rheumatology (Oxford) 2015;54(3):487–93.
Binger KJ, Gebhardt M, Heinig M, et al. High salt reduces the activation of IL-4and IL-13-stimulated macrophages. J Clin Invest 2015;125(11):4223–38.
Scrivo R, Massaro L, Barbati C, et al. The role of dietary sodium intake on the
modulation of T helper 17 cells and regulatory T cells in patients with rheumatoid
arthritis and systemic lupus erythematosus. PLoS One 2017;12(9):e0184449.
Horrigan LA, Kelly JP, Connor TJ. Immunomodulatory effects of caffeine: friend or
foe? Pharmacol Ther 2006;111(3):877–92.
Al Reef T, Ghanem E. Caffeine: well-known as psychotropic substance, but little as
immunomodulator. Immunobiology 2018;223(12):818–25.
Karlson WE, Mandl LA, Aweh GN, et al. Coffee consumption and risk of rheumatoid arthritis. Arthritis Rheum 2003:3055–60.
Lee YH, Bae SC, Song GG. Coffee or tea consumption and the risk of rheumatoid
arthritis: a meta-analysis. Clin Rheumatol 2014;33(11):1575–83.
Pérez-Cano Francisco J, Massot-Cladera Malen, et al. The effects of cocoa on the
immune system. Front Pharmacol 2013;4:71.
Camps-Bossacoma M, Massot-Cladera M, Abril-Gil M, et al. Cocoa diet and antibody immune response in preclinical studies. Front Nutr 2017;4:28.
Ramos-Romero S, Pérez-Cano FJ, Ramiro-Puig E, et al. Cocoa intake attenuates
oxidative stress associated with rat adjuvant arthritis. Pharmacol Res
2012;66(3):207–12.
Ramos-Romero S, Pérez-Cano FJ, Pérez-Berezo T, et al. Effect of a cocoa flavonoidenriched diet on experimental autoimmune arthritis. Br J Nutr
2012;107(4):523–32.
He Y, Yue Y, Zheng X, et al. Review Curcumin, inflammation, and chronic diseases:
how are they linked? Molecules 2015;20(5):9183–213.
Shen L, Liu CC, An CY, Ji HF, et al. How does curcumin work with poor

[125]
[126]
[127]
[128]

[129]
[130]
[131]
[132]
[133]
[134]
[135]
[136]
[137]
[138]
[139]
[140]
[141]
[142]

713

bioavailability? Clues from experimental and theoretical studies. Sci Rep
2016;6:20872.
Daily JW, Yang M, Park S. Efficacy of turmeric extracts and Curcumin for alleviating the symptoms of joint arthritis: a systematic review and meta-analysis of
randomized clinical trials. J Med Food 2016;19(8):717–29.
Zheng Z, Sun Y, Liu Z, et al. The effect of curcumin and its nanoformulation on
adjuvant-induced arthritis in rats. Drug Des Devel Ther 2015;9:4931–42.
Dragos D, Gilca M, Gaman L, et al. Phytomedicine in joint disorders. Nutrients.
2017;9(1):70.
Klareskog L, Stolt P, Lundberg K, et al. A new model for an Etiology of rheumatoid
arthritis. Smoking may trigger HLA–DR (shared epitope)–restricted immune reactions to autoantigens modified by Citrullination. Arthritis Rheum
2006;54(1):38–46.
Chang K, So Min Yang, Kim Seong Heon, et al. Smoking and rheumatoid arthritis.
Int J Mol Sci 2014;15(12):22279–95.
Finckh A, Dehler S, Costenbader KH, et al. Cigarette smoking and radiographic
progression in rheumatoid arthritis. Ann Rheum Dis 2007;66(8):1066–71.
Rydell E, Forslind K, Nilsson JA, et al. Smoking, body mass index, disease activity,
and the risk of rapid radiographic progression in patients with early rheumatoid
arthritis. Arthritis Res Ther 2018;20:82.
Abhishek A, Butt S, Gadsby K, et al. Anti-TNF-alpha agents are less effective for the
treatment of rheumatoid arthritis in current smokers. J Clin Rheumatol
2010;16:15–8.
Chatzidionysiou K, Lukina G, Gabay C, et al. Smoking and response to rituximab in
rheumatoid arthritis: results from an international European collaboration. Scand
J Rheumatol 2018:1–7.
Conigliaro P, Triggianese P, Ippolito F, et al. Insights on the role of physical activity in patients with rheumatoid arthritis. Drug Dev Res 2014;75(Suppl.
1):S54–6.
Chimenti MS, Triggianese P, Conigliaro P, et al. Self-reported adherence to a
home-based exercise program among patients affected by psoriatic arthritis with
minimal disease activity. Drug Dev Res 2014;75(Suppl. 1):S57–9.
Steensberg A, Toft AD, Bruunsgaard H, et al. Strenuous exercise decreases the
percentage of type 1 T cells in the circulation. J Appl Physiol (1985)
2001;91(4):1708–12.
Rochette E, Duché P, Merlin E. Juvenile idiopathic arthritis and physical activity:
possible inflammatory and immune modulation and tracks for interventions in
young populations. Autoimmun Rev 2015;14(8):726–34.
Baillet A, Zeboulon N, Gossec L, et al. Efficacy of cardiorespiratory aerobic exercise in rheumatoid arthritis: meta-analysis of randomized controlled trials.
Arthritis Care Res (Hoboken) 2010;62(7):984–92.
Sharif K, Watad A, Bragazzi NL, et al. Physical activity and autoimmune diseases:
get moving and manage the disease. Autoimmun Rev 2018;17(1):53–72.
Curtis GL, Chughtai M, Khlopas A, et al. Impact of physical activity in cardiovascular and musculoskeletal health: can motion be medicine? J Clin Med Res
2017;9(5):375–81.
Rausch Osthoff AK, Niedermann K, Braun J, et al. 2018 EULAR recommendations
for physical activity in people with inflammatory arthritis and osteoarthritis. Ann
Rheum Dis 2018;77(9):1251–60.
Geenen R, Overman CL, Christensen R, et al. EULAR recommendations for the
health professional's approach to pain management in inflammatory arthritis and
osteoarthritis. Ann Rheum Dis 2018;77:797–807.

