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Abstract. The cardiovascular effects of disease‑modifying 
antirheumatic drugs and particularly of methotrexate (MTX) 
are complex and frequently incorrectly understood, which 
might lead to the unjustified discontinuation of this treatment. 
MTX, ‘the gold standard’ and first line treatment in rheuma-
toid arthritis, psoriatic arthritis, and other immune‑mediated 
inflammatory diseases, has been proven to decrease inflamma-
tion, improve cardiovascular risk factors, and reduce mortality. 
This is supported by both the mechanism of action, as well 
as a body of clinical data evidence. MTX's cardiovascular 
effects, although incompletely understood, are explained by 
its antiproliferative, immunosuppressive, anti‑inflammatory, 
and antiatherogenic effects. Several clinical trials have shown 
that MTX is associated with improved endothelial function, 
slower atherosclerosis progression, decreased risk of major 
cardiovascular adverse events, and benefits on survival. Given 
its systemic cardiovascular effects, MTX could be regarded 
as an important therapeutic agent not only to control disease 
activity in rheumatic diseases, but also to reduce cardiovas-
cular risk and mortality.
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1. Introduction

Immune‑mediated rheumatic diseases in general, and rheuma-
toid arthritis (RA) and psoriatic arthritis (PsA) in particular, are 
important cardiovascular risk factors. This is the consequence 
of the characteristic inflammatory process involved in these 
diseases, which is a significant element in the pathogenesis of 
atherosclerosis. Both inherent and acquired immunity‑related 
immunologic mechanisms play a key role in processes such 
as trans‑endothelial migration and adhesion of inflammatory 
cells, smooth muscle migration, formation of fatty streaks, 
plaque progression and rupture, and thrombosis (1,2).

This pathophysiological background explains the high 
cardiovascular risk and clinical consequences [e.g., myocardial 
infarction (MI), stroke, cardiovascular mortality] associated with 
immune‑mediated inflammatory diseases (1‑4). Furthermore, 
significantly shorter life expectancy can be observed in these 
patients as compared with the general population, mainly due 
to cardiovascular mortality (5). The effects of antirheumatic 
drugs (aiming to reduce inflammation) on the cardiovascular 
system are extremely important, but frequently incorrectly 
understood and interpreted, which leads to the unjustified 
discontinuation of this treatment.

Methotrexate (MTX) still represents the gold standard 
and first line option in the treatment of RA, PsA, and other 
immune‑mediated inflammatory diseases. Along leflunomide, 
sulfasalazine, cyclosporine, and hydroxychloroquine, MTX 
is included in the class of conventional synthetic disease-
modifying antirheumatic drugs (DMARDs)  (6). MTX has 
proven its efficacy in the treatment of RA and PsA when used 
as monotherapy or when combined with other synthetic or 
biological DMARDs. MTX leads to improvements in signs, 
symptoms, and physical function, slowed joint degradation, 
and increased life expectancy (7). It is indicated for long‑term 
use in patients with mild, moderate, or active disease stages 
and is effective in approximately 60‑70% of cases (8). MTX 
can also be used in RA complications (e.g., Felty syndrome, 
rheumatoid vasculitis) as well as in other inflammatory 
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rheumatic diseases (e.g.,  PsA, adult‑onset Still's disease, 
juvenile idiopathic arthritis, systemic lupus erythematosus, 
polymyositis, granulomatosis with polyangiitis, and Takayasu 
arteritis) (9). The therapeutic effects of MTX can be explained 
by several metabolic pathways, such as homocysteine metabo-
lism, nucleic acid metabolism, and one‑carbon metabolism, 
but there are other unknown mechanisms at play as well (10). 
The use of MTX is, however, limited due to the risk of poten-
tially severe side effects, the most important of which are 
hepatic, hematologic, pulmonary, renal, muco‑cutaneous, and 
infectious (11).

In this context, evaluating the cardiovascular effects of 
MTX is important and requires special attention, not only 
because of the pathogenic mechanisms responsible for these 
effects, but also with regard to clinical data.

2. MTX mechanisms of action

The main element in folate metabolism is tetrahydrofolate 
(THF), which is the central folate acceptor molecule obtained 
from dihydrofolate (DHF) in the presence of dihydrofolate 
reductase (DHFR)  (Fig.  1)  (12). THF participates in the 
transfer of several carbon‑containing groups, such as methyl 
or methylene. The following step is the conversion of THF to 
5,10‑methylene‑THF (5,10‑CH2‑THF). For this process, the 
5,10‑CH2 source is represented by serine, in the presence of 
pyridoxal phosphate (PLP)‑dependent serine hydroxymethyl-
transferase (SHMT). Next, 5,10‑CH2‑THF is transformed into 
5‑methyl‑THF (5‑CH3‑THF) by another enzyme, methylene 
tetrahydrofolate reductase (MTHFR).

The second metabolic loop that interacts with this pathway 
is one involving methionine. A methyl (‑CH3) radical is removed 
from 5‑CH3‑THF, shifted to the vitamin B12 coenzyme, 
and then transferred to homocysteine in order to form 
methionine. Thus, homocysteine is formed by the cleavage of 
S‑adenosyl‑homocysteine, a product of transmethylation, and 
is then further salvaged to methionine (13). In this process, 
new molecules of THF are generated. Methionine has a key 
role not only in protein synthesis, but also as a ‑CH3 donor and 
in the formation of S‑adenosylmethionine (SAM), the main 
methylating agent.

The folate pathway is involved in several important mecha-
nisms such as amino acid metabolism, thymidylate, purine, 
and pyrimidine synthesis, methylation, protein production, 
cell proliferation. Any disruption of folate metabolism will 
alter all these physiological processes, with significant clinical 
consequences.

Several mechanisms of action have been proposed to 
describe the effects of MTX on numerous metabolic and 
inflammatory pathways. First of all, MTX is a folic acid 
analogue. It is a prodrug which needs to be activated to 
MTX‑polyglutamates (MTX-PG), a compound with prolonged 
tissue half‑life. For this reason, unlike other antifolates, MTX 
can be administered once weekly. Quantification of individual 
MTX‑PG is performed by different techniques (14).

MTX competitively inhibits DHFR, the enzyme which is 
essential in the reduction of DHF in THF (12). As described 
above, this reduced form of folic acid is an important single 
carbon donor in numerous reactions involved in the synthesis 
of purine and pyrimidine nucleotides.

By inhibiting DHFR, MTX prevents 5,10‑CH2‑THF 
conversion to 5‑CH3‑THF, decreasing the availability of 
reduced folates (15). The decreased THF levels inhibit thymi-
dylate synthase, which is involved in pyrimidine synthesis. 
Subsequently, because THF is essential in further purine and 
pyrimidine synthesis, this decreases DNA and RNA produc-
tion. Protein synthesis and cells multiplication are inhibited, 
explaining the antiproliferative and immunosuppressive 
effects of this drug (12,16).

3. MTX and homocysteine

Decreased THF concentrations have consequences in the 
metabolism of homocysteine. Once produced from of 
S‑adenosyl‑homocysteine, homocysteine is recovered to 
methionine (13). Since in most tissues this reaction is depen-
dent on 5‑CH3‑THF, by interfering with folate metabolism, 
MTX leads to hyperhomocysteinemia (16). This could be one 
of the causes of MTX toxicity.

The adverse effects of hyperhomocysteinemia have been 
intensively studied and it has been proven to increase cardio-
vascular risk (17). There are several potential mechanisms 
that contribute to this effect: Vascular smooth muscle cell 
proliferation, decreased production of endothelial nitric oxide, 
alteration of oxidative stress leading to endothelial dysfunction, 
activation of the nuclear factor‑κB (NF‑κB), increased collagen 
production, and decreased arterial wall elasticity (18,19).

Homocysteine is involved in the atherogenic process by 
stimulating mRNA and C‑reactive protein (CRP) expression 
in vascular smooth muscle cells, activating an inflammatory 
response (20). Higher serum homocysteine levels seem to be 
correlated with the severity of ischemic heart disease (21) and 

Figure 1. Folate pathway and methotrexate. 5‑CH3‑THF, 5‑methyl‑tetrahydro-
folate; 5,10‑CH2‑THF, 5,10‑methylene‑tetrahydrofolate; DHF, dihydrofolate; 
DHFR, dihydrofolate reductase; MTHFR, methylene tetrahydrofolate reduc-
tase; MTX, methotrexate; SHMT, serine hydroxymethyltransferase; THF, 
tetrahydrofolate.
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the effect of homocysteine on vascular endothelial integrity 
could increase blood pressure (22). Hyperhomocysteinemia 
has a higher risk of venous thrombosis because it is associated 
with increased concentrations of prothrombotic factors 
(particularly tissue plasminogen activator, β‑thromboglobulin, 
and factor VIIc) and platelet adhesion to endothelial cells (13).

Vitamin B6 and B12 administration can reduce the 
concentration of homocysteine, but normalizing it has not 
been proven to improve endothelial function or decrease 
hypercoagulability (23). For this reason, classifying homo
cysteine as a cardiovascular risk factor is still under debate and 
recent guidelines have not included it in this category (24).

In RA patients, the effect of MTX on homocysteine 
metabolism is counterweighted by folic acid use. A small study 
on 113 RA patients treated with either MTX with folic/folinic 
acid or MTX without folic/folinic acid concluded that, although 
MTX increases plasma homocysteine levels, folate supplemen-
tation decreases homocysteine concentrations, subsequently 
protecting against potential cardiovascular risks (16).

4. MTX anti‑inflammatory effects

Apart from hyperhomocystinemia and its antiproliferative 
effects, the mechanism of action of MTX is not entirely clear. 
An important aspect of its action is related to the anti‑inflam-
matory and immunosuppressive effects in immune‑mediated 
inflammatory diseases, which cannot be explained solely by 
the cytotoxic action on cells involved in inflammation and 
immune response.

MTX inhibits aminoimidazole carboxamide ribo-
nucleotide transformylase (AICART), resulting in elevated 
intracellular AICAR levels  (15). AICAR is an inhibitor of 
adenosine monophosphate (AMP) deaminase, so this inhibi-
tion will determine an increased level of intracellular AMP 
and adenosine (12). The high levels of AMP and adenosine 
are responsible for the anti‑inflammatory effects of MTX. The 
drug has an agonist effect by binding to adenosine receptors 
(for example A2A) found on several cells involved in inflamma-
tion [e.g., natural killer cells, T cells, macrophages, monocytes, 
and neutrophils] (25). The consequences are suppression of 
T‑cell activation and cell mediated cytotoxicity, inhibition of 
the neutrophil oxidative burst, and suppression of NF‑κB (25). 
Stimulation of A2A prevents foam cell formation, induces 
synthesis of several proteins involved in cholesterol transport, 
and decreases adhesion molecule expression on endothelial 
cells, thus stalling atherosclerosis progression (26,27).

MTX also decreases production of pro‑inflammatory 
cytokines (e.g., the tumour necrosis factor (TNF)‑α, interleukin 
(IL)‑1β and IL‑6), with an extremely important role in 
atherosclerosis and immune‑mediated inflammatory diseases 
as well (3,28). A recent study reaffirmed the complex effect of 
MTX on oxidative stress, as it not only of reduces it, but it also 
scavenges free radicals such as O2 and decreases the formation 
of malondialdehyde and acetaldehyde protein adducts, 
potentially favouring inflammatory cell apoptosis (29).

5. MTX and cardiovascular risk reduction

Recent studies have evaluated the effect of MTX on traditional 
cardiovascular risk factors. HDL function and HDL‑associated 

proteins were investigated in a group of 550 RA patients 
included in the Treatment of Early Aggressive Rheumatoid 
Arthritis (TEAR) trial, given either MTX monotherapy or 
MTX combined with etanercept or other synthetic DMARDs 
for more than 2  years  (30). The authors concluded that 
disease activity improvements obtained after MTX treatment 
in different combinations led to a correction in the HDL 
function. This could turn into a potential therapeutic objective 
for cardiovascular risk reduction in RA patients. Authors of a 
different study looking at the potential antiatherosclerotic effect 
on a cell model demonstrated that the adenosine A2A receptor 
can be activated by MTX, limiting foam cell formation and 
stimulating reverse cholesterol transport (27).

Similar data on serum lipoprotein(a) [Lp(a)] and endothe-
lial adhesion molecule E‑selectin were obtained in another 
study performed on 64 RA patients on MTX monotherapy or 
combined with a TNF inhibitor (31). In both treatment groups, 
there was a significant decrease in sLp(a) and E‑selectin serum 
levels after 6 weeks and after 6 months (for sLp(a) mainly in 
the MTX group). This suggests that MTX might also reduce 
sLp(a), a proatherogenic factor, due to its anti‑inflammatory 
effect.

Interesting data were provided by the Psoriatic arthritis, 
Ankylosing spondylitis, Rheumatoid Arthritis Study (PSARA), 
which included 114 patients treated with MTX alone, with a 
TNF inhibitor as monotherapy, or a TNF‑inhibitor in combi
nation with MTX (32). The study was conducted to assess the 
effect of these different treatment regimens on endothelial 
function for 6 months. Endothelial function was evaluated by 
reactive hyperemia peripheral arterial tonometry (RH‑PAT), 
expressed by a parameter called Reactive Hyperemic 
Index (a ratio between the magnitude of the average post 
obstructive and pre‑occlusion pulse wave amplitude). The 
study demonstrated that endothelial function improved after 
6  months. Furthermore, the improvement was higher in 
patients receiving MTX as monotherapy, compared with those 
treated with a TNF blocker with or without MTX, and was 
not correlated with improvements in disease activity. These 
observations suggest that the effect of MTX on endothelial 
function might go beyond its well‑known anti‑inflammatory 
properties.

Measuring the carotid intima-media thickness (CIMT) 
or the femoral intima-media thickness (FIMT) is useful for 
detecting subclinical atherosclerosis. In a study performed on 
RA patients treated with different treatment regimens, CIMT, 
FIMT, and the prevalence of plaques were lower in patients 
treated with MTX (≥20 mg/week), cyclosporine, or biologics, 
than in patients treated with lower doses of MTX or other 
DMARDs (33). Similar results were found in a different study 
which measured CIMT in RA patients versus healthy subjects, 
finding overall higher CIMT in RA patients and significantly 
lower CIMT in RA patients with MTX versus RA patients 
without MTX (34).

In a repeat cross‑sectional study, pulse wave velocity and 
blood pressure were measured in RA patients treated with 
MTX or different synthetic or biological DMARDs at baseline 
and after eight months (35). The results showed that MTX was 
able to control arterial stiffening and to prevent blood pressure 
(mainly systolic) elevation. These effects were not observed in 
patients on different DMARDs.
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Results of a systematic review and meta‑analysis of 
clinical trials and observational studies (prospective, retro-
spective, or case‑control studies) investigating patients with 
immune‑mediated inflammatory diseases (mainly RA) taking 
MTX, to assess the incidence of major adverse cardiac events 
(e.g., stroke, MI, coronary artery disease, and sudden cardiac 
death), showed a 21% overall lower cardiovascular risk and an 
18% lower MI risk in patients on MTX, with a comparable 
inverse relationship with stroke as well (36).

There are data showing that in patients with immune‑ 
mediated inflammatory diseases (mainly RA, PsA, and 
psoriasis) MTX has a limited influence on platelet function, 
insulin resistance, and lipid levels, but that it significantly 
changes inflammatory biomarkers such as CRP, TNF‑α, 
or IL‑6 (37‑39). MTX's protective effect on cardiovascular 
events is thought to be mainly due to its anti‑inflammatory 
mechanism. Moreover, this data highlights the important 
role of inflammation in atherosclerosis. Anti‑inflammatory 
drugs might be a useful therapeutic tool in patients with 
immune‑mediated inflammatory diseases in order to decrease 
cardiovascular risk.

A meta‑analysis of 7 studies on patients with RA treated 
with MTX was performed to assess the potential association 
of chronic MTX use with risk for any major acute cardiovas-
cular event (40). It concluded that MTX use was associated 
with lower cardiovascular risk due to a different mechanism 
than that of antiplatelet drugs or statins.

As revealed in the larger context of meta‑analyses and 
systematic literature reviews (41), MTX and TNF blockers 
demonstrated the capacity to reduce the risk of all cardiovas-
cular events, including MI. On the other hand, corticosteroid 
and NSAID use have a significantly higher overall cardiovas-
cular risk. MTX has been associated with significant survival 
improvements as well (up to 70%), primarily by decreasing 
cardiovascular mortality (42,43).

Nevertheless, despite their anti‑inflammatory effects 
and their ability to improve disease activity, other synthetic 
DMARDs (like leflunomide or sulfasalazine) have not shown 
a similar effect on cardiovascular risk or the capacity to influ-
ence mortality in RA patients (44).

These positive effects of MTX on cardiovascular risk 
has also caught the attention of cardiologists. Since the role 
of inflammation in atherosclerosis is well established, it will 
be of great interest to find whether decreasing inflammation 
with anti‑inflammatory drugs can also reduce cardiovascular 
events in patients with other types of conditions. A first 
trial in this regard is The Canakinumab Anti-inflammatory 
Thrombosis Outcome Study (CANTOS) (45). Canakinumab is 
a monoclonal IL‑1β antibody, an important pro‑inflammatory 
cytokine, involved not only in several immune‑mediated 
inflammatory diseases, but also in atherosclerosis. This 
double‑blind, randomized trial included 10,061 patients with 
a history of MI and high CRP levels and treated them with 
either canakinumab or placebo. Nonfatal stroke, MI, or cardio-
vascular death were the primary efficacy endpoints, and trial 
results showed that canakinumab led to significantly lower 
rates of recurrent cardiovascular events than placebo. Since 
canakinumab has no lipid‑level lowering effects, this effect is 
due to IL‑1β blockade and the anti‑inflammatory consequences 
of this inhibition.

A potent anti‑inflammatory and less expensive drug such 
as MTX was also taken into account with respect to its ability 
to reduce cardiovascular risk. As discussed before, although 
there are many trials evaluating the effect of MTX on cardio-
vascular risk in patients with immune‑mediated rheumatic 
diseases, most clinical data supporting a cardiovascular benefit 
come from interventional or observational studies that have 
many limitations (e.g., small sample sizes, limited control of 
bias, absence of a control arm).

The Cardiovascular Inflammation Reduction Trial 
(CIRT) (46) was designed to shed more evidence on this topic, 
since until recently, there were few data regarding the conse
quences of reducing inflammation on cardiovascular risk. In this 
clinical trial, approximately 7,000 patients will be randomized 
to receive either MTX (target dose 15-20 mg/week, the same as 
in most immune‑mediated inflammatory diseases) or placebo 
over a 3‑5 year follow‑up period (41). All the participants in 
this trial have increased cardiovascular risk: Either metabolic 
syndrome or type 2 diabetes and past MI. The primary endpoint 
established in the CIRT trial is a combination of nonfatal stroke 
or MI and cardiovascular death, whereas its secondary endpoints 
are notably coronary revascularization, hospitalization for 
congestive heart failure mortality, and all‑cause mortality. 
MTX was the perfect choice for this trial due to its noteworthy 
systemic anti‑inflammatory effects, bearing no important blood 
pressure or lipid‑related influence. The results from this trial are 
expected in the following years and, provided its endpoints are 
reached, CIRT would reinforce the inflammatory hypothesis of 
atherosclerosis and promote the development of new therapeutic 
agents specifically targeting vascular inflammation.

6. Conclusion

The global effects of MTX in patients with immune‑mediated 
inflammatory diseases (e.g., RA and PsA) are associated with 
a decreased cardiovascular risk. This effect has been noticed 
despite the induction of hyperhomocysteinemia and the lack of 
complete understanding of MTX's mechanisms of action. Given 
its systemic anti‑inflammatory effect and its ability to slow the 
progression of atherosclerosis, MTX should be regarded as 
an important therapeutic agent not only to control rheumatic 
diseases, but also to reduce cardiovascular risk and mortality.
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