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KEY POINTS
 Patients with chronic inflammatory conditions are at increased risk of cardiovascular
disease.
 Traditional risk assessment tools underestimate risk of cardiovascular disease in this patient population.
 Clinicians should consider the use of additional cardiovascular disease screening tools,
such as disease-specific risk calculators and subclinical atherosclerosis imaging.
 Multidisciplinary teams can improve preventive cardiac care in patients with underlying
chronic inflammatory conditions.

INTRODUCTION

Inflammation plays a well-established role in the development and progression of
atherosclerosis.1,2 Individuals with underlying chronic inflammatory conditions are at
increased risk of developing cardiovascular disease, including coronary artery disease
and heart failure (Fig. 1). Despite this, traditional risk assessment tools underestimate
true risk in this population.3,4 Because of this as well as a variety of disease-specific
factors that are discussed here, these patients are often undertreated in terms of prevention of cardiovascular disease.5,6
In this article, the authors summarize selected chronic inflammatory disorders and
their associated cardiovascular disease risks. They discuss the use of nontraditional
cardiac risk calculators and subclinical atherosclerosis imaging to aid in assessing
cardiac risk. They also provide evidence-based treatment options for these unique patient populations.
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Fig. 1. Cardiac manifestation of chronic inflammatory conditions and their clinical presentation. Images adapted with permission from www.smart.servier.com.

MECHANISM OF ATHEROSCLEROSIS IN INFLAMMATION

Systemic inflammation, mediated by both the innate and the adaptive immune system,
contributes to cardiovascular disease through multiple mechanisms. Increased levels
of activated neutrophils, reactive oxygen species, and proinflammatory cytokines lead
to endothelial dysfunction, atherosclerosis, and thrombosis. Many of the proinflammatory cytokines, including tumor necrosis factor (TNF), interleukin-6 (IL-6), and IL-1, are
present in chronic inflammatory diseases. They increase the risk of coronary artery
disease by causing atherosclerosis, plaque instability, and plaque rupture.1,2
Inflammation-induced microvascular dysfunction can also lead to stiffness and hypertrophy of cardiomyocytes, which may progress to diastolic dysfunction (Fig. 2).
Myocardial infarction associated with inflammatory disease can cause systolic
dysfunction.7,8
COMMONALITIES IN PATIENTS WITH INFLAMMATORY DISEASE

Although inflammatory diseases have different patterns of pathophysiology, risk, and
symptoms, there are several commonalities in their care that are important in the prevention of cardiovascular disease. These include the following:





Underrecognition of associated cardiovascular risk
Inadequate cardiovascular risk screening
Failure of traditional risk assessments
Undertreatment of risk factors

Underrecognition of Associated Cardiovascular Risk

There is a lack of awareness of the association between inflammation and cardiovascular disease, on the part of both patients and clinicians. Only one-third of patients
with rheumatoid arthritis (RA) are aware that their disease is associated with an
increased risk of cardiovascular disease. Even more concerning, those at the highest
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Fig. 2. Atherosclerotic plaque formation owing to inflammation. T-helper cells (THC) activated by antigen-presenting cells (APC) adhere to and migrate into the endothelial wall.
This leads to production of various cytokines, contributing to vessel wall inflammation. In
turn, lipids and lipoproteins are taken up by macrophages, dendritic cells, and smooth muscle cells to form lipid-laden foam cells. Images adapted with permission from www.smart.
servier.com.

actual risk had the lowest perceived risk.9 Although nearly all rheumatologists and infectious disease subspecialists are aware of the increased risk of cardiac disease in
this patient population, awareness is only around 50% in primary care providers.10
Inadequate Cardiovascular Risk Screening

Patients with inflammatory diseases have a lower rate of screening for traditional cardiovascular risk factors than the general population, including routine lipid testing, diabetic screening, and screening for tobacco abuse.5,11 In one study of 2035 patients
affected with human immunodeficiency virus (HIV), only 19% of patients discussed
cardiovascular disease with their providers, and only 31% discussed hypertension,
hypercholesterolemia, family history of cardiovascular disease, or smoking.11
One reason for the lack of screening may be that many patients see their subspecialists (rheumatologist or infectious disease) as often as or more frequently than
they see their primary care providers. This can complicate preventive care for several
reasons. Subspecialty visits are spent focusing on a specific and often complicated
disease process, leaving inadequate time for broader health discussions. Subspecialists may not have the same comfort with preventive screening tools or medication initiation, such as statins or diabetic medications, as primary care providers.12,13
Furthermore, these clinical settings do not have the same resources as a primary
care clinic, such as dedicated staff to perform routine blood pressure and diabetic
medication titrations. In either clinic setting, there are additional barriers, including
time constraints, insufficient visit frequency, and the competing demands of acute
medical problems with preventive care.5
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Failure of traditional risk assessments

Even when clinicians and patients align to address cardiovascular disease risk, traditional risk assessment tools significantly underestimate cardiovascular risk in patients
with underlying inflammatory disorders.3,4,14 In a retrospective study of 296 patients
with systemic lupus erythematosus (SLE), the risk of myocardial infarction was discovered to be 10.1 times greater than that estimated using Framingham study risk factors.
They were 17.0 times more likely than estimated to die of a cardiovascular cause and
7.9 times more likely to suffer a stroke.4 A similar pattern of underestimation of cardiac
risk with the use of traditional cardiac risk assessment tools is seen in all inflammatory
conditions.
Many organizations, including the European League Against Rheumatism (EULAR)
and the American Heart Association (AHA), suggest multiplying the traditional risk
score by a correction factor to adjust for this underestimation. For example, they suggest multiplying calculated risk by 1.5 for RA and up to 2 in HIV.15 This correction allows for a better estimation of cardiac risk in these patients and can lead to earlier
initiation of appropriate preventive testing and medication initiation.
Undertreatment of risk factors

Despite several guidelines for cardiovascular disease risk management, implementation of appropriate preventive therapies in clinical practice remains suboptimal.6,14,16
One reason for undertreatment of hyperlipidemia in particular is the overestimated
perceived risk of statin-associated myalgias on the part of both clinicians and patients,
many of whom already suffer from chronic pain.17
INFLAMMATORY DISEASES AND SPECIFIC CARDIOVASCULAR DISEASE RISK/
MORBIDITY/MORTALITY

Although all chronic inflammatory diseases have increased cardiovascular disease
risk, the following will be discussed in more detail:








Rheumatoid arthritis
Systemic lupus erythematosus
Ankylosing spondylitis
Psoriatic arthritis
Gout
Human immunodeficiency virus
Inflammatory bowel disease (IBD)

RHEUMATOID ARTHRITIS

RA is the most common autoimmune arthritis, affecting approximately 1% of the population. There is a 3:1 female-to-male predominance, and the age of onset is typically
between 30 and 60 years.18 Compared with the general population, patients with RA
have up to a 3 times higher risk of cardiovascular disease (Table 1), similar to the risk

Table 1
Risk of selected disease with rheumatoid arthritis compared to the general population
Diagnosis

Relative Risk to General Population

Cerebrovascular incident

1.48 (confidence interval [CI] 0.7–3.12)23

Myocardial infarction

2.00 (CI 1.23–3.29)23

Congestive heart failure

1.7 (CI 1.3–2.1)24
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of diabetes.19 Life expectancy can be shortened by 10 to 15 years, and up to 40% of
deaths are attributable to cardiovascular causes.20–22
Comorbid Conditions

In addition to chronic inflammation, patients with RA have a higher prevalence of traditional cardiovascular risk factors, including hyperlipidemia, diabetes, hypertension,
sedentary lifestyle, and obesity. An estimated one-third of patients with RA use tobacco products. The use of tobacco has been shown to promote arthritis disease activity and decrease response to antirheumatic therapy. They also have higher rates of
depression and nonadherence, thought partially owing to disease-associated chronic
pain. It was previously thought that these risk factors alone explained their cardiovascular disease risk; however, when compared with matched non-RA patients, their risk
remains significantly higher.23
Many of the commonly prescribed therapies for RA carry a risk of cardiotoxicity.
Chronic and high-dose corticosteroid use has been independently associated with
increased risk of cardiovascular disease.25 Similarly, use of nonsteroidal antiinflammatory drugs, including cyclooxygenase inhibitors, used to treat joint pain is
associated with 2 times increased cardiovascular risk. These medications can counteract the antiplatelet effects of aspirin and increases risk of coronary artery disease
and heart failure.26 Conversely, disease-modifying antirheumatic drugs, such as methotrexate, hydroxychloroquine, sulfasalazine, and leflunomide, effectively treat inflammation and pain while decreasing cardiovascular events in a dose-dependent
relationship.27 TNF-alpha inhibitors, although contraindicated in patients with heart
failure, may normalize platelet reactivity, improve insulin resistance, and reduce subclinical atherosclerosis.28
Hyperlipidemia

Low-density lipoprotein (LDL) cholesterol is not always a reliable risk predictor in patients with active RA. In a phenomenon termed the “lipid paradox,” inflammation in
active disease is associated with lower levels of LDL cholesterol but increased cardiovascular risk. With initiation of treatment and resultant reduced disease activity, LDL
levels increase and cardiovascular disease risk decreases. With treatment of inflammation, LDL-associated risk again tracks with the general population.29,30
Statin therapy has significant benefit in patients with RA, not only in the prevention of
cardiovascular disease but also in the treatment of underlying inflammation itself. In
patients with active disease who are initiated on statin therapy, levels of C-reactive
protein (CRP), erythrocyte sedimentation rate, and proinflammatory cytokines (TNF,
IL-1, IL-6) decrease. Reported disease activity, joint pain, and swelling also
decreased.31–33 Despite this, patients with RA are underscreened and undertreated
for hyperlipidemia.6,16
SYSTEMIC LUPUS ERYTHEMATOSUS

SLE is a systemic autoimmune disease with multiorgan involvement. It more
commonly affects African American women and women of child-bearing age.34 As
with other underlying inflammatory disorders, these patients are predisposed to
inflammation-related endothelial dysfunction and accelerated atherosclerosis. The
risk of coronary artery disease and myocardial infarction is 9 times higher in SLE patients than the general population and as much as 50 times higher than matched
women without SLE.35,36 SLE-specific autoantibodies can cause damage to the
myocardium and cardiac valves, pericardial inflammation, and, in those with
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antiphospholipid antibodies, an increased risk of thrombotic events.37,38 Cardiovascular disease is the leading cause of death in SLE.39 Similar to the other inflammatory
disorders, traditional risk scores significantly underestimate risk.4
ANKYLOSING SPONDYLITIS

Ankylosing spondylitis, strongly correlated to the presence of HLA-B23 surface antigen, is a systemic inflammatory disorder that typically manifests in the spine and
sacroiliac joints. It is most commonly seen in young, white, male patients.40 The
most commonly associated cardiovascular manifestations include aortic root dilatation and calcification, aortic insufficiency, and conduction abnormalities. Aortic insufficiency is present in up to 20% of patients, and routine echocardiography at the time
of presentation may be considered.41 Patients also have an increased risk of atherosclerosis that is underestimated by most traditional risk scores. The exception is the
Reynold’s Risk Score, which includes CRP as a variable, and predicts risk with fair accuracy.42,43 The use of subclinical atherosclerosis imaging, such as carotid intima
medial thickness (CIMT), has been shown to improve the accuracy of risk
assessment.43,44
PSORIATIC ARTHRITIS

Psoriatic arthritis, typically but not always accompanied by cutaneous psoriasis,
carries an increased risk of myocardial infarction, peripheral vascular disease, and
heart failure.45 Inflammation in this disease accounts for 20% to 30% of the risk of
acute myocardial infarction, and there are ongoing studies comparing various immunosuppression regimens with regression of coronary and carotid plaque burden.46,47
GOUT

Gout is a crystal-induced inflammatory joint disease typically associated with hyperuricemia. It affects approximately 1% of the population. Although patients with gout
have a higher burden of traditional cardiovascular risk factors, gout has been shown
to be an independent risk factor for cardiovascular mortality.48 Ten percent of patients
with gout will develop congestive heart failure versus 2% in the general population,
and there appears to be a linear relationship between the risk of heart failure and
serum urate concentrations.49,50
HUMAN IMMUNODEFICIENCY VIRUS

Advances in highly active antiretroviral therapy have dramatically improved the life expectancy of patients with HIV. As this population is living longer, cardiovascular disease has emerged as one of the major causes of non-AIDS–related mortality.51 In
addition to increased risk of both subclinical atherosclerosis and coronary artery disease, patients with HIV are susceptible to myocarditis and left ventricular dysfunction
owing to viral and infiltrative cardiomyopathy.52
Newer antiretroviral therapy can have favorable effects not only in HIV-specific factors but also on cardiovascular risk factors. Treatment with antiretroviral therapy improves lipids and decreases systemic inflammation.14,53 Unfortunately, some older
regimens can cause weight gain, impaired left ventricular systolic function, and altered
glucose and lipid metabolism. These are more often used in resource-poor settings
where access to the newer drugs is limited.14
For treatment of hyperlipidemia, clinicians should be knowledgeable of the drugdrug interactions between statins and HIV therapy. Clinical pharmacists used in
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many HIV clinics can be especially helpful in these discussions. Because of these interactions, many patients with HIV will be unable to achieve goal LDL on statin monotherapy. For these patients, treatment with PCSK9 inhibitors have been shown to be
an effective and safe option in HIV.54
INFLAMMATORY BOWEL DISEASE

IBD, including Crohn disease and ulcerative colitis, is an inflammatory disorder that
predominantly affect the intestines. These disorders can also cause systemic inflammation, and up to 14% of patients will also have arthritis symptoms. IBD has an
increased risk of venous thromboembolism. There is an increased risk of myocardial
infarction and stroke in IBD, especially in younger patients and in women.55,56 Fortunately, despite the increased cardiovascular event rates, death from cardiovascular
disease has not been reliably shown to increase in IBD.57
PROPOSED TREATMENT APPROACHES FOR PRIMARY AND SECONDARY
PREVENTION

With the development of new guidelines that include inflammation as a risk factor,
there is hope that awareness of increased cardiovascular disease risk will continue
to increase. The authors propose the following resources and additions to clinic
practice:
 Guidelines and disease-specific risk calculators
 Multidisciplinary teams
 Imaging to improve risk assessment
Guidelines and Disease-specific Risk Calculators

There are now several guidelines acknowledging increased risk in chronic inflammatory
conditions and HIV. EULAR provides recommendations for cardiovascular disease
prevention in individual rheumatic and inflammatory musculoskeletal conditions.58 The
2018 American College of Cardiology/AHA Cholesterol Guidelines include chronic inflammatory diseases and HIV as risk-enhancing factors to consider when treating hyperlipidemia.59 There are also several disease-specific risk scores that have been or are
being developed to address the inadequacy of traditional risk assessments (Table 2).
Multidisciplinary Care Teams

Intuitively, multidisciplinary teams in inflammatory conditions improve preventive
screening and treatment.10,12 There is an emerging field of Cardio-Rheumatology,

Table 2
Suggested disease-specific cardiac risk calculators
Rheumatoid arthritis

 Expanded Cardiovascular Risk Prediction Score
in Rheumatoid Arthritis25
 QRISK3 (includes RA as an additional risk factor
as well as chronic steroid use)
 Multiply traditional risk score by 1.558

Systemic lupus erythematosus

 QRISK3 (includes SLE as an additional risk factor)

Ankylosing spondylitis

 Reynolds Risk Score (includes CRP)42

Human immunodeficiency virus

 Multiply traditional risk score by 214
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similar to Cardio-Oncology,60 in which specialists from both fields work closely
together to provide optimal lifestyle and medication regimens with the goal of
decreasing risk. Across the country, there is also growing support for joint CardioRheum clinics, where patients are seen by their rheumatologist as well as a cardiologist focused on preventive cardiovascular health. This is important in both primary and
secondary prevention of cardiovascular events.
IMAGING TO IMPROVE RISK ASSESSMENT

Given the unreliability of traditional risk assessment models, there is growing support
for subclinical atherosclerosis imaging to help guide preventive strategies, including
carotid intima-media thickness (CIMT) and coronary artery calcium scoring.
Carotid Intima-Media Thickness

One of the best validated atherosclerosis imaging techniques for patients with inflammatory conditions is the ultrasound CIMT measurement. By measuring the thickness
between the carotid intima and media, this noninvasive imaging modality detects carotid atherosclerotic vascular disease in its early stages before the development of
symptoms or adverse events (Fig. 3). This can be especially useful in patients with underlying inflammatory disorders, where risk is uncertain (Table 3).
Further demonstrating the relationship between inflammation and atherosclerosis,
treatment of the underlying inflammation in the diseases described above can aid in
regression of CIMT.61,66 This can help clinicians monitor disease activity as well as
lower cardiovascular disease risk.
Coronary Artery Calcium Scoring

Patients with inflammatory disorders have a higher prevalence and severity of coronary artery calcium owing to an atherogenic effect of chronic systemic inflammation.67

Table 3
Carotid intima-media thickness in specific inflammatory disorders
Rheumatoid arthritis

Threefold increase (44% vs 15%) in carotid atherosclerosis
compared with non-RA patients with similar risk profiles61

Systemic lupus
erythematosus

Higher CIMT and presence of carotid plaque are predictive
of cardiovascular events, including stroke, myocardial
infarction, and need for coronary revascularization62

Human immunodeficiency
virus

CIMT is increased in HIV-related risk factors, such as viral
load and absence of antiretroviral therapy63
Patients with HIV are shown to have a higher CIMT than
non-HIV patients at the same age64
Increased CIMT is associated with a higher mortality53

Psoriatic arthritis

The addition of CIMT to traditional risk assessment, such
as Systematic Coronary Risk Evaluation (SCORE), resulted
in upgrade and reclassification of risk to very high risk in
1/3 of patients65

Ankylosing spondylitis

CIMT is increased significantly compared with healthy
controls44

Inflammatory bowel disease

CIMT increases proportionate to disease activity. In patients
with higher CRP levels, CIMT increased similarly to
patients with RA58
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Fig. 3. (A) Normal carotid artery ultrasound with normal CIMT. (B) Thickened CIMT with
atherosclerotic plaque visualized on the left. Images provided by Dr. Karthikeyan Ananthasubramaniam, Director of Carotid Ultrasound Laboratory at Henry Ford Hospital.

The use of Coronary Artery Calcium Scoring can detect coronary artery disease before
the development of symptomatic and obstructive coronary disease. In particular, it
can be helpful when either patients or clinicians are uncertain of whether to start
lipid-lowering therapy, and both US and European guidelines support its use for this
purpose68 (Fig. 4).
Echocardiography to detect subclinical heart failure

Echocardiographic strain imaging, similar to its use in chemotherapy monitoring, can
predict subclinical myocardial dysfunction in inflammatory disease, including RA and
SLE. This can help clinicians initiate or adjust therapy before the development of irreversible dysfunction.69,70

Fig. 4. (A) Coronary artery calcium score of 0. (B) Coronary artery calcium score of 1776 in a
patient with RA, with severe calcifications in the left anterior descending and its branching
diagonal arteries.
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SECONDARY PREVENTION

Inflammation is an important factor in secondary prevention of myocardial infarction.
In the CANTOS (Canakinumab Anti-Inflammatory Thrombosis Outcomes Study) trial,
patients with an elevated level of high-sensitivity CRP postmyocardial infarction had
lower incidence of recurrent cardiovascular events when treated with canakinumab,
a monoclonal antibody targeting IL-1b.71 Although this trial excluded patients with
chronic inflammatory and immunosuppressed states, it serves as an important proof
of concept that inflammation is independently associated with risk of recurrent
myocardial infarction even when other traditional treatments, including lipid lowering
therapy, remain constant.
Recent data have suggested that low-dose colchicine has a role for secondary prevention through anti-inflammatory mechanism in coronary artery disease. Colchicine
at a dose of 0.5 mg daily reduces inflammatory response and lowers the risk of
ischemic cardiovascular events both in patients with a recent acute coronary event
and in those with stable chronic coronary artery disease.72
Patients with inflammatory disorders have an increased risk of recurrent events.58 In
patients with underlying inflammatory disorders, communication and coordination of
care between cardiology and other providers become even more vital in reducing
risk of recurrence. These patients should be aggressively treated for their underlying
inflammation as well as for their traditional risk factors.

SUMMARY

Inflammation plays a well-established role in the development and progression of
atherosclerosis and contributes to endothelial dysfunction and thrombosis. Patients
exposed to chronic inflammation are at an increased risk of cardiovascular disease,
including coronary artery disease, stroke, and heart failure independent of associated
traditional cardiac risk factors.
Providing adequate preventive cardiac care for patients with underlying inflammatory conditions offers a unique set of challenges for the clinician. Traditional risk
assessment models significantly and consistently underestimate their risk of cardiovascular events. This leads to missed opportunities for prevention. The use of additional imaging and laboratory testing can play an important additional role in their
risk assessment. Given the multisystem nature of inflammatory disorders, coordination between all providers is uniquely important in screening and treatment of underlying risk.

CLINICS CARE POINTS

 Individuals exposed to chronic inflammation are at an increased risk of developing
cardiovascular disease, including coronary artery disease, stroke, and heart failure.
 Traditional risk assessment tools and calculators (Framingham Risk Score, Atherosclerotic
Cardiovascular Disease (ASCVD) calculator, and so forth) underestimate the true cardiac
risk in these patients.
 The use of imaging (carotid intima media thickness, coronary calcium scoring,
echocardiography) and laboratory testing (high-sensitivity C-reactive protein, erythrocyte
sedimentation rate) aid in the assessment of risk and can be used to help guide preventive
care and timing of medication initiation.
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 Collaborative care between cardiology, rheumatology, infectious disease and primary care
providers allows for more accurate risk assessment and improved treatment of risk.
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