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Rheumatoid arthritis (RA) is a highly debilitating chronic inflammatory autoimmune disease most prevalent in women. The

true etiology of this disease is complex, multifactorial, and is yet to be completely elucidated. Changes in the lipid profile at

a molecular level in RA are still poorly understood. Studies on the variation of lipid profile in RA using lipidomics showed

that fatty acid and phospholipid profile, especially in phosphatidylcholine and phosphatidylethanolamine, are affected in

this disease. These promising results could lead to the discovery of new diagnostic lipid biomarkers for early diagnosis of

RA and targets for personalized medicine.
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1. Rheumatoid Arthritis

Rheumatoid arthritis (RA) is a chronic inflammatory autoimmune disease (AID) affecting almost 1% of the population

worldwide and is most prevalent in women . In RA, chronic inflammation of the synovium membrane is a significant

pathologic feature, leading to progressive and irreversible joint destruction, deformity, and disability, if left untreated .

Increased autoantibody production is another hallmark of RA, in particular, the rheumatoid factor (RF) and the

anticitrullinated protein antibodies (ACPA) . Both RF and ACPA have predictive, diagnostic, and prognostic roles, since it

is possible to detect these autoantibodies prior to RA onset and their presence positively correlates with disease severity

and joint destruction . However, only about 70% of RA patients produce RF or ACPA , thus revealing that the

diagnosis of RA cannot be based solely on these biomarkers.

Besides the presence of autoantibodies, the etiology of RA is complex, multifactorial, and is yet to be completely

elucidated. The main physiological characteristics of RA (joint inflammation and cartilage destruction) are the result of the

infiltration of immune cells into the synovial joint lining and the associated complex network of cytokines . Impaired

adaptive immune responses are considered keys in RA pathogenesis. In brief, activated T helper cells release several

pro-inflammatory cytokines into the synovial membrane and fluid . Another set of pro-inflammatory cytokines is secreted

by recently activated macrophages contributing to a self-amplifying pro-inflammatory loop. This induces the proliferation

and differentiation of B cells, resulting in the production of RF and ACPA autoantibodies . Fibroblasts from the synovial

membrane produce matrix metalloproteinases that will destroy the cartilage and activate osteoclasts, promoting bone

resorption. The release of such pro-inflammatory mediators induces protein modifications that enhance the immune

response and chronic inflammation .

Additional pivotal cells for RA pathogenesis are monocytes and neutrophils. It has been suggested that an increased

turnover of monocytes, migrating from the bone marrow into the inflamed synovia, occurs in RA . The process of

recruiting neutrophils into the synovium is a key feature of inflammatory responses in RA, and it is propelled, once more,

by an intricate network of cytokines . The aforementioned pro-inflammatory cytokines released by macrophages and T

cells serve as a primer of the infiltrated neutrophils. Once primed, neutrophils will foster joint destruction by inducing

synthesis of proteins that can upregulate and extend neutrophil ability to secrete a large quantity of cytokines and

chemokines . Furthermore, neutrophils contribute to cartilage destruction in the synovial fluid, damage surrounding

tissues, induce oxidative stress conditions due to the release of reactive oxygen species (ROS), increasing the

inflammation status, and may be a source of ACPA contributing for the impaired immune response in RA .

Given the complex character of RA, it is believed that genetic and environmental factors also take part in the

pathogenesis of this disease. RA susceptibility is strongly associated with major histocompatibility complex genes, and the

genetic factors have a straight connection with the environmental factors . The production of ACPA may be triggered by

silica exposure, microbiota, infections, epigenetic modifications and environmental risk factors, especially cigarette

smoking . The microbiota of RA patients differs from that of the general population and is associated with the

inflammatory conditions of this disease, while viral and bacterial infections contribute for the development of the

autoimmune response in RA . Additionally, RA has an increased heritability that is estimated to be 50% for ACPA-
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seronegative and 70% for ACPA-seropositive . The expression of ACPA in RA patients is associated with the

presence of shared epitope alleles (SE) which, in turn, are associated with disease severity . In genetically predisposed

individuals, the environmental factors have a high impact on the risk of developing RA by inducing molecular changes to

proteins that trigger a loss of immunological self-tolerance .

Systemic effects linked to inflammation are responsible for severe physical disability of RA patients, diminishing their life

quality. Impaired muscle function may be considered a hallmark of RA and several factors contribute to this process. Pro-

inflammatory cytokines, as mentioned before, are highly involved in RA pathogenesis. Cytokines are responsible for low

skeletal muscle function in RA patients by reducing muscle fibers contractility due to increased oxidant activity in the

system . Cytokines were found to be two times higher in RA patients’ muscle compared with systemic cytokines levels

. The chronic inflammation in RA is also involved in skeletal muscle pathology. Inflammation and insulin resistance are

correlated with diminished mitochondrial function and content, thus disrupting muscle oxidative metabolic capacity and

increasing levels of intramyocellular lipid content . RA patients have an increased risk for developing insulin

resistance, which is influenced by RF seropositivity, higher disease activity, prednisone use, and visceral and thigh

intermuscular adiposity . The increased accumulation of toxic lipid mediators and consequent lipotoxicity in skeletal

muscles may also stimulate mitochondrial dysfunction, that, together with insulin resistance, contribute to cardiovascular

disorders and sarcopenia . Insulin resistance, cardiovascular disorders, and sarcopenia, associated with an increased

intramuscular fat compared to healthy subjects, are frequently associated with RA .

Although the true etiology of this chronic inflammatory, rheumatic and immune-mediated disease remains unknown,

several factors are known to contribute to the development and pathogenesis of RA, (Figure 1), namely inflammation

exacerbation, oxidative stress and lipid peroxidation, as will be detailed in the following chapter.

Figure 1. Main physio-pathological alterations that occur in rheumatoid arthritis (RA).

2. Lipidomic Studies in Rheumatoid Arthritis

From the evidence described in the previous chapter, it is accepted that, in fact, there are changes in the lipid metabolism

in this pathology. The correct regulation of the lipid metabolism is vital for the homeostasis of the organism, thus avoiding

pathological states. The dysregulation of lipid homeostasis affects several processes of inter and intracellular signalling

and regulation of the immune response. Thus, the analysis of lipids and their variation is fundamental for a better

understanding of the pathogenesis of several chronic diseases such as RA. Personalized medicine is the utmost tailored

approach to disease management. Although the routine substances work for the general population, there are some

patients to whom the drug effects are not the desired ones. To overcome this setback, biomarkers are of extreme

importance to exclude the undesired effects of the drug treatment. These biomarkers may be autoantibodies, genes, or

even biomolecules such as lipids. It should be noted that RA treatment involves corticosteroids, which are used as a

powerful anti-inflammatory drug, but their effect in the lipid profile is unknown. Thus, clinical lipidomics is the utmost

approach to evaluate the variation of lipids at a molecular level in several chronic diseases, including AID . The aim of

clinical lipidomics is to unveil the variation of the lipid profile in disease, to understand lipid metabolism in health and

disease and identify new putative diagnostic biomarkers and therapeutic targets . Clinical lipidomics is a reliable source

of information regarding lipidic alterations and, hopefully, it is a promising approach to disease diagnostics and therapy

monitorization in the near future.
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Studies on the variation of RA lipid profile at a molecular level using lipidomics were gathered in this review. English

language publications were identified through a computerized search (using PubMed database) until 2020 using the

following keywords: lipidomic(s), lipid profile, fatty acid(s), phospholipid(s), sphingolipid(s), ceramide(s), and oxidized,

combined with rheumatoid arthritis. Studies that did not report the use of mass spectrometry (MS) techniques were not

taken into consideration. 

2.1 Lipidomic Analysis of Serum/Plasma in Rheumatoid Arthritis Patients

Serum/plasma is the most important body fluid to portray metabolic changes. The analysis of serum/plasma sheds light on

alterations induced by a pathological environment. The majority of the lipidomic studies on RA has been performed in

human serum/plasma samples using mainly gas chromatography-mass spectrometry (GC-MS) for FA profiling, comparing

RA patients with healthy controls, also including studies that evaluated the effect of FA diet, but not the effect of disease

state. Few studies used liquid chromatography-mass spectrometry (LC-MS) for PL profiling, free fatty acids (FFA) and

oxidized FA, also comparing data from plasma/serum from RA patients and controls.

2.1.1 Fatty Acid Profiling Analysis

The studies that reported the changes in FA profile in RA patients, compared with non-disease subjects, reported similar

trends in some FA while opposite trends were reported in other studies. This can also be due to different experimental

approaches since some studies investigate the variation of FA in plasma , while others reported in

phosphatidylcholine (PC)  or in total PL . The majority of the studies reported a decrease of ω-3 FA,

namely a decrease of 18:3 ω-3, 20:5 ω-3 or/and 22:6 ω-3. A decrease of palmitic acid (16:0) was seen in some studies,

but was increased in others, while the saturated FA 18:0 was reported to decrease or not change in different studies. The

ω-6 FA, such as the arachidonic acid (20:4), showed also contradictory variations. Other FA were also affected by

disease, as will be described.

Bruderlein and colleagues investigated the FA profile of serum PL of RA patients . They determined significant

decreases of FA 16:0; 18:2 ω-6 and 18:3 ω-3, and significant increases of FA 18:1 ω-9; 20:3 ω-6; 20:3 ω-9 and (20:3 +

20:4) ω-6/18:2 ω-6 ratio . It was suggested that the ω-6 metabolic pathway is altered in RA patients, and it was induced

by the persistent inflammation of this disease. The sum of ω-6 FA was constant, thus the disease seemed to stimulate an

alteration in the content of different ω-6 FA towards higher unsaturated species, namely 20:3 and 20:4 . When in a cell

membrane, 20:3 ω-6 and 20:4 ω-6, have a much higher distortion, conformation wise, than that of 18:2 ω-6, due to their

higher degree of unsaturation. Changes in the abundance of these FA may affect membrane properties . Jacobsson

and co-workers analyzed the FA composition of serum PC (the major PL class in plasma/serum lipid profile) in RA patients

of short and long disease duration . It was verified a significant decrease of FA 16:1; 18:0; 18:2 ω-6; 18:3 ω-3; 20:5

ω-3; 22:5 ω-3; 18:2/20:4 ratio and Σ ω-6 and a significant increase of FA 14:0; 16:0; 18:1 and  Σ saturated FA. These

changes became more evident with the increase of disease duration . The disturbances in FA of the ω-6 series are in

agreement with the previous findings of Bruderlein . The reduced 18:2/20:4 ratio in RA patients was suggested to be

related to the degree of inflammation, due to an increase in the FA desaturation/elongation process, which could be the

result of higher insulin levels (stimulates desaturation) that have been found in RA patients, or due to an increased

synthesis of eicosanoids . Suryaprabha and colleagues studied plasma concentrations of essential FA of PL and

determined a marked decrease of FA 18:0; 18:3 ω-6; 18:3 ω-3; 20:3 ω-6; 20:5 ω-3 and 22:6 ω-3 . Interleukin-2

dependent T-cell proliferation and tumour necrosis factor and interleukin-2 production can be blocked by PUFA, thus, the

reduction of essential FA and their metabolites may contribute to increase the chronic inflammation once T-cell

proliferation, tumour necrosis factor and interleukin-2 production may not be inhibited . The low levels of EPA and DHA

also contribute to the inflammatory state .

Non-esterified FA/FFA profile of serum in RA was also evaluated by using LC-MS lipidomic approaches and revealed a

significant reduction of FA 16:0; 16:1 ω-7; 18:1 ω-9 and 20:4 ω-6 when compared with healthy controls . The FA 20:5

ω-3 and 22:6 ω-3 were reported to have significantly lower concentrations in RA patients as well . These results were

associated with SE presence, which suggests that non-esterified FA alterations could be on the onset of RA development.

2.1.2. FA Analysis after a Fasting Period

Changes in FA profile in RA with different diets or in a fasting/non-fasting regimen was also evaluated since fasting has

been shown to have significant beneficial effects in clinical manifestations in RA . Hafström and co-authors evaluated

the serum levels of FA of membrane PL of RA patients after a fasting period  and observed markedly reduced levels of

FA 20:3 ω-6 and markedly elevated levels of FA 20:4 ω-6 and 20:5 ω-3 comparing with RA patients before fasting and

healthy control’s levels . Haugen and colleagues investigated the possible impact on disease activity of fasting and

one-year vegetarian diet in patients with RA . The results showed that, after a vegan diet period, several FA of plasma
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PL were significantly decreased, such as FA 14:0; 16:0; 16:1; 18:0; 18:1; 18:3 ω-3; 20:1; 20:3 ω-9; 20:3 ω-6; 20:4 ω-6;

20:5 ω-3; 22:0; 22:1 ω-11; 22:4 ω-6; 22:5 ω-6; 22:5 ω-3; 22:6 ω-3; Σ ω-6; Σ ω-3 and Σ saturated FA . A few years

forward, Fraser and co-workers evaluated free FA changes in plasma of RA subjects after fasting and assessed the

effects upon T lymphocyte proliferation . Long chain ω-3 and ω-6 FA are linked with the inhibition of T lymphocyte

function . However, it is unclear if alterations on total concentration of circulating FFA would influence the immune

response. Firstly, Fraser determined marked increases of FFA 14:0; 16:0; 16:1 ω-7; 18:0; 18:1 ω-9; 18:2 ω-6; 18:3 ω-3

and total FFA after a fasting period . Secondly, it was shown that the proliferative response of T lymphocytes was

higher with the increase of FA levels. Lastly, in vitro tests revealed that the ratio of unsaturated/saturated FFA had a

significant effect upon lymphocyte proliferation. Lymphocyte proliferative responses, after mitogenic stimulation in the

presence of 1) only unsaturated FA or 2) only saturated FA, were significantly lower than when stimulated in the presence

of a mixture of unsaturated/saturated FA . The practical implications of this finding to in vivo situations remains

uncertain.

2.1.3. FA Analysis after Supplementation Intake

The effect of dietary fatty acid was also evaluated in a few studies, and dissimilar variations were found, which may be

due to different supplements, methods, and samples. Kremer and co-workers examined the effect of manipulation of

dietary FA comparing plasma of RA patients with and without EPA supplementation . As expected, patients taking EPA

supplementation had significantly higher levels of plasma EPA than the patients not taking the supplementation .

Remans and co-authors had similar results as obtained by Kremer’s team. Remans compared the FA profile of PL of

active RA patients receiving nutrient supplementation containing PUFA, including EPA, and micronutrients, with a group of

active RA patients receiving placebo . All patients receiving nutrient supplementation had significant increases of total

ω-3 PUFA (20:5; 22:5; 22:6) and decrease of AA . Although there were significant changes in plasma FA, the nutritional

supplementation did not improve signs and symptoms of RA patients. On the other side, Jäntti and colleagues also

evaluated the influence of supplementation with evening primrose oil (rich in FA 18:3 ω-6) and determined significantly

lower concentrations of serum FA 18:1 and EPA; and markedly increased levels of serum FA 18:2; 18:3; 20:3 and 20:4 .

The intake of evening primrose oil had contradictory effects, increasing both anti-inflammatory FA 18:3 and pro-

inflammatory AA. The increase of FA 18:3 may be regarded as favorable to help reduce the inflammatory status. However,

the increase of AA may be considered as harmful since it is the precursor of pro-inflammatory prostaglandins and

leukotrienes . Proudman  analyzed the results of an investigation conducted previously by other authors, and

therefore did not mention original results to be discussed in this review. PUFA supplementation should have, in theory,

beneficial results and improve clinical symptoms because EPA and DHA compete with AA for incorporation in cellular

membranes, which leads to a reduction in the synthesis of prostaglandins and leukotrienes, thus reducing the

inflammatory state . However, investigators struggle to find the correct dosage of PUFA supplementation proven by

different studies (with unequal doses) having different results. Having said that, more studies are needed to ascertain the

quantity of PUFA supplementation should be administered to RA patients in order to maximize the results.

2.1.4. Phospholipidomic Profiling Analysis by LC-MS

To our knowledge, there is only one study that reported untargeted lipidomic analysis of plasma PL of RA subjects. Łuczaj

et al.   determined alterations on the PL profile that reflected a decrease on PC(40:2); PC(40:3) and PC(42:3), and an

increase on lyso-PC (LPC) species LPC(16:1); LPC(24:3); PC(34:3); PC(36:3); PC(38:2); PC(38:3); PC(38:4); lyso-

phosphatidylethanolamine (LPE) species LPE(16:0); LPE(18:0); phosphatidylethanolamine (PE) species PE(30:1);

phosphatidylinositol (PI) species PI(36:1); PI(36:2); PI(36:3); PI(36:4); PI(38:3); PI(38:4) and sphingomyelin (SM) species

SM(d34:2); SM(d38:1); SM(d40:1) and SM(d40:2) . The results suggest a significantly altered PE and PC metabolism

with enhanced PL hydrolysis by phospholipase A . In addition, the increase of LPC in RA has already been associated

with the induction of cyclooxygenase 2 hence contributing to systemic inflammation . PC and PE can also be

modified by ROS in oxidative stress conditions . Although the main targets of oxidation are the unsaturated FA chains

and PC is more abundant than PE, PE is more reactive over PC since it has a free amino group in the polar head, being a

preferable target to suffer modifications induced by oxidative stress conditions and ROS which are enhanced in

inflammation. Sphingolipids have pleotropic pro-inflammatory effects. Therefore, the study of its metabolism is very

important. Regarding sphingolipids metabolism, other findings worth mentioning are the detection of increased levels of

total monohexosylceramides (HexCer, as a sum of HexCer16:0; HexCer16:1; HexCer18:0; HexCer20:0; HexCer22:0;

HexCer23:0; HexCer24:0 and HexCer24:1), total ceramides (Cer, as a sum of Cer16:0; Cer18:0; Cer20:0; Cer22:0;

Cer23:0; Cer24:0; Cer24:1; Cer25:0 and Cer26:0;) and sphingosine (d18:1) in serum of established RA patients .

2.1.5. Identification of Lipid Peroxidation Products by LC-MS
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Lipid peroxidation products of AA and linoleic acid in RA patients were evaluated through LC-MS techniques by Charles-

Schoeman and co-workers . It was analyzed the presence of hydroxyeicosatetraenoic acids (HETE) and

hydroxyoctadecadienoic acids (HODE) in plasma lipoproteins HDL and LDL. The results showed markedly increase levels

of oxidation products 5-HETE; 15-HETE; 9-HODE and 13-HODE in both HDL and LDL fractions of RA patients . HETE

and HODE contribute to LDL oxidation which, together with their accumulation in HDL particles, may inhibit HDL beneficial

function increasing the risk of developing atherosclerotic events . Higher concentrations of these lipid peroxidation

products in HDL are associated with the decreased antioxidant capacity of such particles. Thus, the raised levels of

systemic inflammation, also determined in this investigation, positively correlates with the increased levels of free oxidized

FA in HDL and LDL, reassuring the fact that RA is an AID with an exacerbated oxidative environment .

3. Concluding remarks

Overall, the serum/plasma lipidomic analysis of the studies reported above suggest that RA is characterized by an altered

lipid profile. Plasma FA alterations were observed and revealed as significant lower levels of FA 20:5 ω-3 and 22:6 ω-3,

although some contradictory variations were reported, as for other FA. The plasma PL profile was found to be changed

with manifestations on PE and PC metabolism with enhanced PL hydrolysis, in a solely study that used lipidomic

approaches. Some attempts were made regarding the effects of PUFA supplementation to compensate the lower level of

ω-3 PUFA in RA, but more studies are needed to understand exactly which dose should be administrated and if, besides

FA alterations, there are, in fact, changes concerning disease activity. Nonetheless, lipid metabolism is undeniably

affected in RA. Considering the important role of lipids in inflammation, more studies are needed, particularly using

modern lipidomics, which could contribute to unveil the pathophysiology of this disease, find new biomarkers, and to

develop better therapeutic approaches.
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