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Abstract: Cardiovascular disease (CVD) is common in immune-mediated inflammatory 
diseases (IMIDs) and it is predominately attributed to the interplay between chronic inflam
mation and traditional CVD risk factors. CVD has significant impact on the survival of 
patients with IMIDs as it is associated with increased morbidity and mortality. Despite 
recommendations for monitoring and managing CVD in patients with IMIDs, the individual 
CVD risk assessment remains problematic as CVD risk calculators for the general population 
consistently underestimate the risk in patients with IMIDs. Application of new technologies 
utilizing artificial intelligence techniques have shown promising potential for tailoring pre
dictive medicine to the individual patient, but further validation of their role in clinical 
decision-making is warranted. In the meantime, individuals with IMIDs should be encour
aged to adopt behavioral interventions targeting at modifiable lifestyle CVD risk factors, 
whereas rheumatologists need to be well aware of the unfavorable effects of antirheumatic 
medication on various CVD risk factors and outcomes. In the current paper, we aim to 
provide an overview of current and emerging strategies for mitigating CVD risk in patients 
with IMIDs, based on a practical approach. 
Keywords: chronic inflammatory diseases, cardiovascular risk assessment, lifestyle 
modifications, pharmacological management

Introduction
Immune-mediated inflammatory diseases (IMIDs) are associated with reduced life 
expectancy compared to the general population despite the implementation of 
targeted management strategies (eg treat- to-target) and the availability of novel 
therapies such as biologic and/or targeted disease modifying antirheumatic drugs 
(DMARDs).1,2 The major part of the excess mortality is attributed to comorbidities, 
predominantly cardiovascular disease (CVD) and lung involvement.3–6

Particularly in view of CVD, clinical phenotype can vary greatly between 
different inflammatory conditions ranging from macrovascular atherosclerotic dis
ease to non-ischaemic heart failure, coronary microvascular dysfunction, cardiac 
autonomic neuropathy and arrhythmias, depending on disease-specific 
characteristics.7 For example, the high-grade chronic inflammatory burden in rheu
matoid arthritis (RA), the adverse metabolic profile in psoriatic arthritis (PsA), the 
presence of anti-endothelial cell and anti-phospholipid antibodies in systemic lupus 
erythematosus (SLE) as well as the fibrotic process in systemic sclerosis represent – 
amongst others – distinct pathogenic mechanisms promoting CVD comorbidities in 
different IMIDs.8,9 However, atherosclerosis appears to pose the greatest CVD risk 
across the whole spectrum of IMIDs, as systemic inflammation and autoimmune 
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activation – the main players in immunopathology of 
IMIDs – are actively involved in all stages of vascular 
injury, from endothelial dysfunction to plaque formation 
and rupture.10,11 In addition, cumulative inflammation pro
vides a set of pathways that link traditional CVD risk 
factors such as hypertension, dyslipidaemia, obesity, insu
lin resistance and physical inactivity, all of which are 
highly prevalent in IMIDs,12–15 with vascular alterations 
that promote atherosclerosis and its complications.16

The awareness of increased risk has led to evidence- 
based practice recommendations for managing CVD risk 
in IMIDs.17 The main domains of such preventive strate
gies include effective control of systemic inflammation, 
management of classic CVD risk factors and lifestyle 
changes,18 taking also into account that a number of anti
rheumatic drugs may affect CVD risk positively or 
negatively.19,20 The aim of the current paper is to provide 
an overview of current and emerging strategies for miti
gating CVD risk in IMIDs, with a special focus on assess
ment of comprehensive individual risk via risk algorithms 
and relevant recommendations, non-pharmacological 
interventions and disease modifying drugs (DMARDs) 
modifications according to cardiovascular comorbidities 
and disease-related risk profile of the patients. Aspects of 
applications of new technologies in the assessment and 
management of cardiovascular comorbidities will also be 
discussed.

Risk Factors of CVD Disease in 
IMIDs
The increased CVD risk associated with IMIDs is well 
acknowledged and has been extensively described in RA, 
SLE, and, more recently, PsA and ankylosing 
spondylitis.21 Several efforts have been made to unveil 
the underlying mechanisms of increased CVD risk in 
chronic inflammatory diseases, especially in RA, which 
are briefly presented in Figure 1. In particular, epidemio
logical data have consistently demonstrated increased pre
valence of several traditional CVD risk factors, such as 
smoking, hypertension, dyslipidaemia, insulin resistance, 
obesity and impaired metabolic profile, physical and lack 
of exercise.8 However, their presence can only partially 
explain the excess CVD risk. Chronic systemic inflamma
tion, triggered by dysregulation of autoimmune mechan
isms, plays a pivotal role and appears to drastically 
interact with traditional risk factors in a bidirectional 
manner.22,23 Notably, patients with inflammatory diseases 

such as RA present increased levels of circulating biomar
kers of cardiac injury and endothelial dysfunction, which 
correlate with current and cumulative inflammatory 
load,24–26 as well as increased prevalence of subclinical 
vascular injury in divergent vascular beds, even in the 
absence of CVD comorbidities.27–29 The association 
between inflammation and atherosclerosis, the cornerstone 
of CVD, has been the subject of extensive investigation in 
recent years and the contribution of inflammation in the 
pathogenesis and progression of atherogenesis has been 
well demonstrated.23 Endothelial dysfunction, oxidative 
stress in vascular endothelial cells and macrophage accu
mulation, toll-like receptor signaling, pro-inflammatory 
cytokine production, such as tumor necrosis factor-alpha 
(TNF-α), interleukin-1 (IL-1), IL-6, are only a few of the 
underlying mechanisms involved in the atherogenic 
process.30 Vice versa, adequate control of inflammation, 
either with conventional or biologic DMARDs, particu
larly anti-TNF-α agents and methotrexate, decelerates the 
atherogenic process.8 Taken together, the presence of tra
ditional CVD risk factors along with high grade systemic 
inflammation appear to mutually determine the CVD risk 
of patients with IMIDs.

Assessment of CVD Risk in IMIDs
Although musculoskeletal and overall outcomes have been 
improving over the last decades in patients with IMIDs, 
the risk of fatal and nonfatal CVD events remains higher 

Figure 1 Factors implicated in the pathogenesis of increased cardiovascular disease 
(CVD) risk in patients with immune-mediated inflammatory diseases. Traditional 
CVD risk factors, disease-related factors triggered by the dysregulation of innate 
immunity, and the current and cumulative inflammatory burden, act synergistically 
and promote the pathophysiological processes of endothelial dysfunction, arterial 
stiffness and oxidative stress. The mutual interplay of these factors eventually leads 
to accelerated atherosclerosis, subclinical micro- and macrovascular damage and 
subsequently, clinically evident CVD.
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compared to general population.31 Amongst others, the 
inability to efficiently perform composite CVD risk assess
ment in patients with IMIDs using traditional population- 
based risk tools may have significant input in these obser
vations. The most widely used in the general population 
cardiovascular risk calculators are the Systematic 
Coronary Risk Evaluation (SCORE) calculator,32 and the 
Framingham Risk Score33 which has been previously 
replaced by the American College of Cardiology and 
American Heart Association (ACC/AHA) Pooled Cohort 
Equation risk calculator in the 2013 ACC/AHA guidelines 
on CVD prevention.34 These scores incorporate informa
tion on age, sex and other traditional cardiovascular risk 
factors, such as blood pressure, lipids and smoking status 
to estimate 10-year risk of CVD morbidity and mortality, 
but do not take into account chronic, low-grade inflamma
tion as an independent predictor of CVD. This might in 
fact account for the gross underestimations of CVD risk 
when calculators developed for the general population 
(including SCORE and Framingham Risk Score) are 
applied in patients with RA,35–37 SLE38 and PsA.39 

Notably, systematic differences exist between the general 
population and populations with IMIDs, who are predomi
nantly female with restricted age ranges.

The Role of Specifically Adapted CVD 
Risk Calculators
Especially RA is taken into account as a separate CVD 
risk factor designated a weight of 1.4 in the QRISK-2 
calculator,40,41 which was developed in 2008 by adaption 
of the first QRISK calculator using data from the 
QRESEARCH database and further updated to QRISK3 
in 2017.42 Furthermore, the Reynolds Risk Score has been 
proposed as a more suitable CVD risk calculator in 
patients with IMIDs as it includes high-sensitivity 
C-reactive protein (CRP) in the equation among its 
covariates.43,44 The concept of building RA-specific 
CVD risk calculators to assess patients-tailored CVD risk 
prediction is not novel. In 2015, the Expanded Risk Score 
in RA (ERS-RA) was introduced, which was developed 
using data from a cohort of 23,605 RA patients from the 
Consortium of Rheumatology Researchers of North 
America Registry.45 ERS-RA combines both traditional 
CVD risk factors and RA-specific characteristics, such as 
disease activity, disability and duration, and daily predni
sone use. In 2012, A Trans-Atlantic Cardiovascular 
Consortium for Rheumatoid Arthritis (ATACC-RA) was 

formed and resulted in the development of two RA- 
specific risk CVD risk prediction models, using data 
from 13 cohorts including 5638 RA patients without 
prior CVD originating from 10 different countries across 
the world.35

Αgain, not all expectations for improved performance 
of RA-specific calculators were met. The calculators 
developed by ATACC-RA did not perform better com
pared to relevant calculators used in the general population 
(FRS and ACC/AHA Pooled Cohort Equation in predict
ing CVD risk among patients with RA).35 Using hard 
CVD endpoints in a cohort of 1796 RA patients without 
prior CVD, neither QRISK2 nor ERS-RA algorithm was 
proven more efficient in terms of CVD risk prediction over 
a mean follow-up of 6.9 years compared to those devel
oped for the general population (ACC/AHA, Framingham 
Risk Score and Reynolds Risk Score).36 In the absence of 
high performance RA-specific algorithms, it could be 
assumed that calculators developed for the general popula
tion might represent a viable alternative. However, CVD 
risk was substantially underestimated using either the 
Reynolds or the Framingham risk score in a population- 
based inception cohort of patients with RA of both sexes, 
especially in older ages and in patients with positive rheu
matoid factor.46 Altogether, results from application of 
divergent algorithms in real-world RA cohorts appear 
rather disappointing considering that neither RA-specific 
equations nor traditional calculators developed for the 
general population show sufficient diagnostic accuracy 
for the early identification of high risk individuals with 
RA. Failure of RA-specific algorithms to perform better 
than traditional CVD risk calculators may be largely 
explained by challenges encountered during their forma
tion and validation.35 For example population of interest, 
ethnicity, and referral bias, as well as study design (long
itudinal cohort studies and registries versus randomized 
clinical studies) and selection of risk factors (traditional 
versus nontraditional CVD risk factors) have been listed as 
potential factors affecting, the development of a highly 
performing CVD risk calculator that would eventually 
result in improved health outcomes.35 Furthermore, incor
poration of a single baseline measurement of inflammatory 
markers such as CRP does not adequately reflect the 
cumulative burden of chronic, inflammation and does not 
take into account past and current drug interactions. 
Subsequently, such modifications did not result in 
improved CVD risk classification when added to 
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Framingham Risk Score equation and the QRISK2 
model.47

Although efforts to develop specific CVD calculators 
have almost explicitly focused on RA, where patterns of 
inflammation-driven atherogenicity have been firmly 
established, three “SLE-adapted” (modified-SCORE, mod
ified-Framingham Risk Score, QRESEARCH risk estima
tor, QRISK3) CVD risk scores have been tested in SLE 
patients in comparison with five generic calculators. 
However, all of them resulted in underestimation of high 
CVD risk defined by atherosclerotic plaque presence in 
patients with SLE.38 Likewise, adaption of five CVD risk 
algorithms according to European League Against 
Rheumatism (EULAR) indications (SCORE, 
Framingham Risk Score, QRISK2, Reynold’s Risk Score, 
and the Italian Progetto CUORE individual score) did not 
result in improved discriminative ability and calibration in 
patients with PsA.48

Relevant Recommendations
In the light of the above, clinicians are prompted by 
current EULAR recommendations to perform CVD risk 
assessment for patients with IMIDs and inflammatory 
arthropathies according to national guidelines or the 
SCORE calculator, in case no national guideline is avail
able. However, CVD risk should be further adapted speci
fically for patients with RA by a 1.5 multiplication factor. 
Since no conclusive evidence exists regarding the precise 
CVD risk in patients with AS and PsA, multiplication 
factor for these diseases is not advocated. CVD risk 
assessment should be performed at least once every 5 
years for all patients with RA, AS or PsA and reassessed 
following major changes in antirheumatic therapy.17 In the 
same line, current guidelines in the cardiovascular field 
acknowledge IMIDs as risk modifiers increasing CVD risk 
estimated by the SCORE system.49 The latest 2016 
European Guidelines on CVD prevention in clinical prac
tice recommend the use of a 1.5 factor risk multiplier for 
CVD risk in RA, particularly if disease activity is high, but 
it may also be considered in other IMIDs on a patient-by- 
patient basis depending on disease activity and severity.50 

Still, effective approaches for early identification of high 
risk individuals are eagerly warranted for patients with 
IMIDs. Such efforts may not be limited to the develop
ment of IMIDs-specific risk prediction models but may 
incorporate biomarkers or imaging techniques, as will be 
analyzed in the following.

Application of New Technologies
Exploitation of novel imaging techniques could poten
tially facilitate decision-making for CVD monitoring 
and treatment in patients with IMIDs. Coronary com
puted tomography angiography (CCTA) has emerged as 
a non-invasive alternative to selective coronary angio
graphy, which remains the gold standard method for the 
assessment of coronary artery disease. A recent meta- 
analysis of 788 patients with RA and 1641 controls 
provided evidence of more prevalent asymptomatic cor
onary artery disease, with higher mean coronary calcium 
score (CCS) derived from CCTA, more multivessel dis
ease, and more high-risk plaques compared to controls. 
Notably, higher CCS was associated with both RA dura
tion and disease activity.51 However, concerns regarding 
costs and radiation exposure limit generalizability of this 
method, and it has not been included in the most recent 
EULAR recommendations for CVD management on 
patients with RA and other IMIDs.17

On the other hand, carotid ultrasound is devoid of these 
limitations and may help reveal asymptomatic athero
sclerosis in patients with RA. More specifically, two fea
tures of carotid ultrasound have been traditionally 
evaluated: presence of atherosclerotic plaques, which has 
been acknowledged as a coronary heart disease 
equivalent,52 and increased carotid intima-media thickness 
(cIMT), ie, cIMT>0.9 mm, which strongly correlates with 
the degree of atherosclerosis in other vascular beds.53 

Previous studies have suggested that the addition of car
otid ultrasonography may assist CVD risk reclassification 
of patients with RA and psoriasis into higher CVD risk 
categories.54–56 Therefore, screening for asymptomatic 
atherosclerotic plaques with carotid ultrasound may be 
considered as part of the CVD risk evaluation in patients 
with RA, according to EULAR recommendations.17

However, concerns regarding the potential role of car
otid ultrasound in terms of CVD risk prediction have also 
been raised. Measurements of cIMT are highly operator- 
dependent, while plain assessment of the presence of car
otid plaques does not allow for tissue characterization 
through the evaluation of morphological variations in 
atherosclerotic plaque components within blood vessel 
walls. To this end, novel methods of analyzing images 
obtained from carotid ultrasonography have been intro
duced. Artificial intelligence techniques include machine- 
learning (ML) and deep-learning (DL) based algorithms 
with promising potential for tailoring predictive medicine 
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to the individual patient. Using these approaches, several 
patient-specific characteristics can be exploited and incor
porated into risk prediction models. Quantitative carotid 
features extracted from B-mode ultrasound imaging 
include average, minimum and maximum cIMT, variabil
ity in cIMT, and morphological total plaque area, but may 
also adapt information on lumen diameter, stenosis sever
ity index and inter-adventitial diameter.57 In contrast with 
nearly all popular risk prediction models, which are almost 
explicitly based on the same set of traditional CVD risk 
factors, artificial intelligence-based ML algorithms further 
incorporate carotid image phenotype measurements and 
have the ability to learn jointly from the training patterns 
of input risk factors, identify complex and non-linear 
patterns between variables and capture their association 
with predicted and observed outcomes.58 It has been sug
gested that ML-based predictive models can provide more 
accurate CVD risk prediction and subsequently assist phy
sicians in making clinical decisions. In a large and highly 
heterogenous cohort of 378,256 UK primary care patients, 
Weng et al showed that ML algorithms perform better 
compared to an established risk prediction approach at 
predicting the absolute number of CVD cases correctly.59 

Likewise, Kakadiaris et al, using a 13-year follow up data 
set from MESA (the Multi-Ethnic Study of 

Atherosclerosis), found that the ML Risk Calculator is 
more accurate than the ACC/AHA Risk Calculator by 
recommending less drug therapy and missing fewer events 
at the same time.60 More recently, it was shown that ML- 
based CVD/stroke risk calculator was superior in terms of 
10-year CVD/stroke risk prediction, compared to the 13 
different types of statistically derived risk calculators.61 

Although these data are encouraging, additional studies 
are warranted to validate artificial intelligence CVD risk 
prediction models in specific cohorts such as patients with 
RA and other IMIDs, and evaluate their potential as clin
ical aid towards more effective, personalized decision- 
making.

CVD Risk Management in IMIDs
The main domains of CVD risk management in patients 
with IMIDs are presented in Figure 2. In detail, the 
management of CVD risk in IMIDs is based on non- 
pharmacological interventions namely lifestyle modifica
tions, coupled with medical treatment of traditional CVD 
risk factors, as well as effective control of disease activity 
with DMARDs. However, the latter may exert divergent 
effects on the cardiovascular system regardless of their 
clinical efficacy, which should be further taken into 
account.

Figure 2 The three pillars of cardiovascular disease (CVD) risk management in patients with IMIDs: 1) effective control of inflammation, 2) lifestyle modifications targeting at 
modifiable CVD risk factors, and 3) simultaneous control of cardiovascular comorbidities. Positive interactions between these interventions are expected not only towards 
modulation of CVD risk, but also towards substantial improvement of patients’ general health and well-being. At the same time, individual CVD risk needs to be determined 
and regularly reassessed according to the presence of cardiovascular comorbidities, the current and cumulative inflammatory load, and the cardiovascular effects of 
antirheumatic medication.
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Lifestyle Modification
A number of modifiable lifestyle factors are potent pre
dictors of future CVD events. Although frequently 
neglected by health care providers, lifestyle modifications 
are emerging as a crucial component of IMIDs manage
ment regarding both musculoskeletal and CVD outcomes. 
To this end, educational and behavioural interventions 
aiming at lifestyle modification are urgently warranted 
for people with musculoskeletal disability towards primary 
and secondary CVD prevention.62

Smoking is a major risk factor for the development of 
CVD but may also predispose to altered immunogenetic 
responses and attenuate the efficacy of anti-rheumatic 
treatments.63 Remarkably, in a multicenter study of 5638 
patients with RA and no prior CVD, smoking and hyper
tension had the highest population attributable risk among 
traditional CVD risk factors. In the same study, smoking 
cessation in patients with RA was associated with lower 
disease activity, improved lipid profiles, and decreased 
rates of CVD events.64 Therefore, patients with IMIDs 
who smoke should be strongly encouraged to attend smok
ing cessation programs.

Cardiovascular benefits of a healthy body mass index 
(BMI) maintenance and a healthy, balanced diet are well 
established. Patients with IMIDs they are predisposed to 
changes in body composition, including accumulation of 
body fat mass and abdominal adiposity.65 Therefore, they 
should monitor their body weight and avoid obesity and 
overweight through a balanced diet and efforts to lose 
weight, when necessary. Patients with IMIDs should be 
advocated to adjust their dietary habits to the principles of 
the Mediterranean diet, which has been proposed as an 
ideal nutritional model substantially contributing to the 
prevention of CVD.66 The Mediterranean diet has not 
only been associated with a less atherogenic profile 
among patients with RA, but has also been found to 
alleviate pain and improve inflammatory markers.67,68 

Although healthy dietary components could complement 
pharmacological treatment of patients with autoimmune 
rheumatic disorders, the anti-inflammatory, anti-oxidant 
effects of single nutritional agents are still being 
investigated.69

Exercise is one of the most significant behavioral inter
ventions that can drastically modulate CVD risk. 
Unfortunately, patients with IMIDs are prone to sedentary 
lifestyle and avoid exposure to moderate- to intense 
exercise.62,70 Pain and fatigue have been longitudinally 

associated with sedentary and standing time in RA.71 

However, it is biologically plausible that the anti- 
inflammatory effects of exercise may have a beneficial 
impact not only on CVD risk, but also on rheumatologic 
outcomes in patients with IMIDs.72 Various modes of low 
to high exercise are beneficial in improving disease-related 
characteristics and functional status in patients with RA.73 

Individualized aerobic and resistance exercise intervention 
may significantly improve cardiorespiratory fitness and 
individual CVD risk factors, on top of their positive 
impact on disease activity and severity in RA patients.74 

Further exploring this study field, Metsios et al confirmed 
that an exercise program, specifically designed to meet the 
individual needs and physical abilities of RA patients, 
improved microvascular and macrovascular endothelial 
function apart from disease-related characteristics.75,76 

Additional benefits of systematic exercise include 
improvement in psychological well-being,77 which may 
be severely affected in patients with IMIDs.78 For these 
reasons, the importance of physical activity has been 
greatly emphasized by EULAR not only in the 2015/ 
2016 updated recommendations for CVD risk management 
in patients with RA and other forms of inflammatory joint 
disorders,79 but also in the recent 2021 recommendations 
for the implementation of self-management strategies in 
patients with inflammatory arthritis, as an effective, feasi
ble and safe tool for managing common comorbidities.

Pharmacological Management
Antirheumatic Treatment
Optimal control of inflammation is the cornerstone of the 
IMIDs management and is clearly associated with restora
tion of physical function, prevention of irreversible 
damage in joints and internal organs and improved long 
term outcomes including survival. Antirheumatic medica
tion cover a broad range of drug classes namely 
conventional, biologic and synthetic DMARDs, steroids 
and non-steroid anti-inflammatory drugs (NSAIDs). 
Despite their clinical efficacy, antirheumatic drugs may 
exert undesirable effects on the cardiovascular system 
which should be acknowledged and taken into account 
while on treatment.20 In case of adverse effects that 
exacerbate CVD risk factors and comorbidities, for 
instance, antirheumatic agents with blood-pressure raising 
properties that induce significant elevations in blood pres
sure or deregulate pre-existing hypertension, the need for 
administration of such agents should be revisited. Briefly, 
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cardiovascular effects of antirheumatic medication are 
summarized in Table 1.

NSAIDSs 
NSAIDs are classified as non-selective cyclooxygenase 
(COX) inhibitors (COX-1 and COX-2) or selective 
(COX-2) inhibitors and are frequently prescribed in 
patients with IMIDs to alleviate pain and inflammation. 
Both have been associated with adverse cardiovascular 
effects, including congestive heart failure,80 myocardial 
infarction and even sudden death, with responses varying 
among different drugs.81,82 Moreover, NSAIDs frequently 
induce elevations in blood pressure and exacerbate pre- 

existing hypertension.83,84 However, CVD risk associated 
with these drugs may vary. For example, naproxen, a non- 
selective COX inhibitor, appears least harmful in terms of 
cardiovascular health compared to other non-selective 
NSAIDs or coxibs.85 The widely advocated belief that 
naproxen results in better cardiovascular outcomes was 
nonetheless disputed by the PRECISION trial, which 
showed that celecoxib, a selective COX-2 inhibitor, was 
non-inferior with regard to cardiovascular safety, com
pared to both naproxen and ibuprofen.86

Glucocorticoids 
The adverse effects of glucocorticoids on CVD risk factors 
have been well described. Relatively high daily prednisone 
doses (starting from 8 mg/day), a high cumulative dose, 
and a longer exposure to corticosteroids are all predictors 
of increased CVD risk associated with their use.87–89 

Cumulative dose of oral glucocorticoids is associated 
with increased incidence of hypertension in patients with 
chronic inflammatory disease.90 Even at low doses, gluco
corticoids induce hyperglycaemia and body fat redistribu
tion in both diabetic and non-diabetic patients.91,92 RA 
patients treated with glucocorticoids present an increase 
in insulin resistance or glycemia and a greater risk for 
myocardial infarction and cerebrovascular events.93,94 

Likewise, high doses of prednisone in patients with SLE 
have been associated with hyperlipidaemia, hypertension 
and a greater incidence of coronary artery disease,95,96 as 
well as an increased prevalence of atherosclerotic plaques 
in the carotid arteries.97

Conventional DMARDs 
Methotrexate is the first-line drug for many IMIDs and has 
been found to potentially decrease mortality, especially 
CVD-related deaths. Methotrexate was associated with 
a 21% lower risk of total CVD and an 18% lower risk of 
MI in patients with RA, psoriasis, or polyarthritis,98 and 
might provide a protective effect against atherosclerosis 
and thrombosis.99 Nonetheless, methotrexate decreases the 
availability of reduced folates, which in turn affects the 
metabolism of homocysteine. Hyperhomocysteinemia is 
related to a greater chance of thrombosis and has been 
proven to significantly increase CVD risk due to the detri
mental effect of homocysteine on the vascular 
endothelium.100,101 These adverse effects may be pre
vented through coadministration of folic acid.102 It is 
worth mentioning that in a well-defined population of 
very high CVD risk with documented CVD (previous 

Table 1 Positive and Negative Effects of Commonly Prescribed 
Antirheumatic Medication on the CV System

NSAIDs (selective/ 
non selective)

– Blood pressure elevation-Hypertension 
– CV events (heart failure, acute myocardial 

infarction, sudden death)

Glucocorticoids – Impaired metabolic profile (hyperglycemia, 

insulin resistance)-Prediabetes-Diabetes 

– Body fat redistribution-obesity 
– Accelerated atherosclerosis 

– Blood pressure elevation-Hypertension 

– Increased incidence of CV events

Methotrexate – Improvement of metabolic syndrome 

components 
– Anti-atherogenic effects 

– Improved CV outcomes (major CV events, 

CV mortality) 
– Hyperhomocysteinemia

Hydroxychloroquine – Beneficial effects on metabolic profile and 
related comorbidities (diabetes, 

dyslipidaemia) 

– Decreased rates of CV events

Cyclosporine – Blood pressure elevation-Hypertension 

– Increased risk of CV and cerebrovascular 
events

Leflunomide – Blood pressure elevation-Hypertension

Biologic DMARDs – Significant reductions in the risk of CV 

events (myocardial infarction, stroke, and 
major adverse cardiac events) 

– Possible deterioration of hypertension 

– Increased lipid levels

JAK inhibitors – CV and thromboembolic events 

– Increased lipid levels

Abbreviations: CV, cardiovascular; DMARDs, disease-modifying antirheumatic 
drugs; NSAIDs, non-steroidal anti-inflammatory drugs; JAK, janus kinase.
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myocardial infarction or multivessel coronary disease) 
who additionally had either type 2 diabetes or the meta
bolic syndrome, low-dose methotrexate did not result in 
fewer cardiovascular events compared to placebo.103 Thus, 
it might be assumed that administration of methotrexate 
cannot reverse established cardiovascular disease, or that 
the favourable effects of methotrexate on the cardiovascu
lar system are limited to clinical situations in which 
inflammation levels are high, such as patients with 
IMIDs. On the other hand, methotrexate-related reduction 
of CVD risk in patients with RA was not mediated through 
reductions in disease activity. These findings suggest that 
CVD risk may be modulated by alternative methotrexate- 
related mechanisms in this population.104

Hydroxychloroquine is an antimalarial drug, particu
larly effective in RA and SLE. It is beneficial for the 
metabolic profile and, to a lesser extent, for reducing the 
rates of CVD events in patients with RA.105 A number of 
studies have demonstrated the beneficial impact of hydro
xychloroquine in diabetes mellitus and dyslipidaemia in 
patients with autoimmune diseases.106,107 These results 
were again verified in another cohort study of 121,280 
patients with RA or psoriasis, treated with hydroxychlor
oquine or a TNF-α inhibitor, compared to those adminis
tered different non-biologic DMARDs.108

Finally, cyclosporine is an immunosuppressive agent 
particularly useful in the treatment of psoriasis and RA, 
which can induce significant elevations in blood pressure. 
This increase appears to be dose-related and clinically 
significant, and amplifies the risk of stroke, myocardial 
infarction, heart failure and other cardiovascular manifes
tations attributable to hypertension.109 Similarly, hyperten
sion is a common side effect of leflunomide, an isoxazole 
agent with disease modifying properties commonly pre
scribed for the treatment of RA.110

Biologic DMARDs 
Accumulating evidence suggests a possible reduction in 
CVD risk mediated by biologic agents, attributable to the 
improvement of endothelial function, the decrease in 
inflammation and the reduction of insulin resistance asso
ciated with their use.19 In particular, treatment with anti- 
TNF-α agents in patients with RA, psoriasis and PsA has 
been associated in relevant meta-analyses with significant 
reductions in the risk of all CVD events, including myo
cardial infarction, stroke, and major adverse cardiac 
events,111,112 although blood-pressure lowering properties 
have not been consistently reported and relevant 

information on newest biological treatments is not 
definite.113,114 Furthermore, biologic DMARDs may pro
mote atherogenic lipid profile of patients with RA by 
increasing the levels of high density lipoprotein choles
terol (HDL-C), low density lipoprotein cholesterol (LDL- 
C), and triglycerides. Lipids may have paradoxical asso
ciations with the risk of CVD in RA, whereby lower 
cholesterol and LDL-C levels are associated with 
increased CVD risk.115 This effect is more pronounced 
following treatment with IL-6 inhibitor tocilizumab but 
may simply represent a compensatory effect to effective 
suppression of inflammatory responses without conveying 
increasing risk for CVD events.116

Targeted Synthetic DMARDS 
Janus kinase (JAK) inhibitors are the most recent 
advanced therapeutic category approved for the manage
ment of RA, PsA and ankylosing spondylitis. Despite their 
remarkable clinical outcomes and the demonstrated super
iority over TNF-α inhibitor adalimumab,117 a number of 
concerns have raised regarding their CVD safety 
profile.118 A post marketing surveillance study 
(NCT02092467) in a selective RA population 
(age>50 year old, with >1 CVD risk factor) showed that 
patients receiving tofacitinib – an unselective JAK1,2,3 
inhibitor – had increased risk of serious heart-related 
events such as heart attack, stroke, or thromboembolic 
events compared to individuals being treated with TNF-α 
inhibitors, to the point that a drug safety communication 
was released by regulators in USA.119 By contrast, two 
recent meta-analyses comprehensively evaluating cardio
vascular safety of JAK inhibitors resulted in no signifi
cantly elevated CVD risk in patients with either RA or 
IMIDs, at least in a short-term perspective.120,121 

Obviously more data are warranted across the whole spec
trum of JAK inhibitors before definite conclusions are 
drawn regarding the profile – if any – of patients at risk 
for CVD events. However, such observations highlight the 
complexity and the uncertainty of mechanisms and cyto
kine pathways implicated in the promotion of vascular 
injury in IMIDs and further support a comprehensive 
CVD risk management approach including both disease- 
and individuals related characteristics in this population.

Management of Cardiovascular Comorbidities
In that respect, management of CVD risk factors in 
patients with IMIDs is of paramount importance. 
Physicians dealing with rheumatologic patients need to 
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be aware of requirements and specific needs of this popu
lation. For instance, concomitant antirheumatic medication 
should be assessed and re-evaluated at an individual basis 
before deciding on initiation or titration of antihyperten
sive or lipid lowering regimens, according to the divergent 
effects of immunosuppressive treatment discussed above. 
In view of pharmaceutical management of hypertension, 
dyslipidaemia and diabetes recommendations for the gen
eral population apply to patients with IMIDs too.

Hypertension 
According to current European Society of Cardiology/ 
European Society of Hypertension (ESC/ESH) guidelines, 
blood pressure targets are currently set to <130/80 mmHg 
for hypertensive patients <65 years and <140/80 mmHg 
for those >65 years.49 Current hypertension guidelines do 
not favor any drug class specifically for patients with 
IMIDs. However, angiotensin converting enzyme (ACE) 
inhibitors and angiotensin II receptor blockers (ARBs) 
appear as a reasonable first-choice treatment for patients 
with RA who present amplified sympathetic activity, sub
sequently resulting in high plasma renin activity.122 In 
addition, these drugs appear to downregulate proinflam
matory mediators, such as reactive oxygen species and 
CRP, while at the same time enhance the expression of 
anti-inflammatory agents.123 Beta-blockers and calcium 
channel blockers are preferred in women of child-bearing 
potential,49 as is often the case in young women with 
IMIDs. When Raynaud’s phenomenon is present, calcium- 
channel blockers, ACE inhibitors and ARBs are recom
mended for treatment of concomitant hypertension, while 
carvedilol and nebivolol should be preferred over selective 
beta-blockers due to their vasodilatory properties.83

Dyslipidaemia 
According to the current European Society of Cardiology/ 
European Atherosclerosis Society, LDL-C targets are 
defined according to patients’ estimated CVD risk. 
Specifically, an LDL-C reduction of ≥50% and an LDL- 
C goal of <1.4 mmol/L (<55 mg/dl) is recommended for 
secondary prevention in patients with a past CVD event, 
and for primary prevention for very high CVD risk 
patients.52 For high risk patients, an LDL-C reduction 
greater than 50% from baseline and an LDL-C goal <1.8 
mmol/L (<70 mg/dl) should be achieved. For moderate 
and low risk patients, an LDL-C goal of < 2.6 mmol/L 
(<100 mg/dl) and <3 mmol/L (<116 mg/dl), respectively, 
is recommended. Statins remain the cornerstone of 

pharmacological treatment of dyslipidaemia.52 In 
a randomized, double-blind, placebo-control trial of 3002 
RA patients, atorvastatin reduced LDL-C by 0.77 mmol/L 
and was associated with significantly lower levels of 
CRP.124 When statins fail to achieve the desired therapeu
tic targets, a cholesterol absorption inhibitor such as eze
timibe may be added.52 Lastly, the proprotein convertase 
subtilisin/kexin type 9 (PCSK9) human monoclonal anti
bodies have recently been approved and present pro
nounced antiatherogenic effects by decreasing LDL-C by 
as much as 60% and triglycerides by 26%.125 However, 
antirheumatic treatment frequently includes biological 
treatments with monoclonal antibodies and future studies 
are warranted to determine the efficacy and particularly 
safety of PCSK9 inhibitors in patients with IMIDs.

Diabetes 
Increased incidence of insulin resistance, prediabetes and 
diabetes is observed in IMIDs, particularly RA, PsA and 
SLE,126–128 and have been linked to chronic inflammation 
and glucocorticoid use, especially in doses exceeding 
7.5 mg daily.129,130 However, no large, prospective studies 
have specifically assessed the efficacy and safety different 
glucose-lowering agents in IMIDs. General recommenda
tions apply with a HbA1c target of <7% to avoid hypogly
cemia as well as micro- and macrovascular 
complications.131

Summary: A Practical Approach
CVD commonly complicates IMIDs and exacerbate disease 
morbidity and mortality as a result of chronic inflammation and 
the higher prevalence of traditional CVD risk factors. Optimal 
disease management requires a careful evaluation of individual 
CVD risk factors, such as dyslipidaemia, hypertension and 
impaired glucose tolerance. Regular evaluation of vascular 
and metabolic abnormalities alongside the tight control of 
disease activity are warranted. Most importantly, physicians 
need to develop a holistic approach and assess CVD risk at an 
individual level. Relevant recommendations apply for the esti
mation of each patients’ CVD risk, but in the lack of accurate 
calculators specifically designed for patients with IMIDs, 
application of new technologies could potentially facilitate 
decision-making for CVD monitoring and treatment. 
Lifestyle advice and behavioural interventions should be 
encouraged at any stage of the disease, with emphasis placed 
on smoking cessation, maintenance of healthy dietary habits 
and BMI, as well as improvement of cardiorespiratory fitness 
through introduction systematic exercise. A careful review of 
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antirheumatic medication is particularly useful in light of their 
CVD implications, and changes might be considered in case of 
pronounced adverse CVD effects. Lastly, physicians should 
not hesitate to initiate cardiological treatment as indicated. 
A treat-to-target strategy according to the recommended target 
goals of dyslipidaemia, hypertension, and diabetes, could con
fer incremental benefits in the effective management of CVD 
risk in patients with IMIDs.
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