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Despite great advances in the diagnosis and therapy of
cardiovascular diseases (CVDs) over the last few decades,
they remain the leading causes of morbidity andmortality
worldwide and have emerged as the leading causes of
death in China.1 This is partly due to the fact that the exact
pathogenic mechanisms remain poorly understood in
most cases, which significantly limits the effectiveness of
therapy. Thus, identification of the key mechanisms that
regulate cardiovascular function and the novel prevent-
able risk factors of CVDs is urgently needed.

Inflammation and atherosclerosis

Mounting evidence suggests that vascular inflamma-
tion plays a critical role in the development of athero-
sclerosis, which in turn can cause clinically important
CVDs, including coronary artery disease, stroke, and pe-
ripheral arterial disease. Inflammation has been linked to
multiple stages of the remodeling process of atheroscle-
rotic plaque formation and thrombogenicity. Cytokines,
including tumor necrosis factor-a, interleukin 1b (IL-1b),
and IL-6, play critical roles throughout the pathogenetic
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process of atherosclerosis, from early endothelial activa-
tion to plaque rupture.2 Mendelian randomization studies
suggest that the IL-6 signaling system plays a causal role
in the development and progression of atherosclerosis.3

Further upstream from IL-6, activation of the
nucleotide-binding oligomerization domain-like receptor
family, pyrin domain-containingprotein 3 inflammasome,
also appears to be causally involved in the development
and progression of atherosclerotic cardiovascular dis-
ease.4 Laboratory and observational studies have also
identified a number of other inflammatory, oxidative, and
adhesion pathways in the development and progression of
atherosclerosis, including lipoprotein-associated and
secretory phospholipase A2, p38 mitogen-activated pro-
tein kinase, and P-selectin.5

Infection, inflammation, and cardiovascular diseases

Various infectious microbes have been linked to
atherosclerotic disease in epidemiological studies.6 In-
fections have been known to cause atherogenesis or to
precipitate acute cardiovascular events.7 Recently, a
highly pathogenic novel coronavirus, severe acute res-
piratory syndrome coronavirus 2 (SARS-CoV-2) has
spread worldwide and presently reached the dimension
of a pandemic. Cappannoli et al8 summarized the
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evidence of a potential association between SARS-
CoV-2 and cardiovascular involvement.

First, CVDs are a common comorbidity in patients
with coronavirus disease (COVID-19). A recently
published meta-analysis of six studies highlighted that
CVDs were present in up to 16.4% of patients with
COVID-19,9 and the presence of these comorbidities
significantly increased the risk of death.8 The mecha-
nism of these associations remains unclear. Potential
explanations include the fact that CVDs are prevalent in
elderly patients or that patients with CVDs have func-
tionally impaired immune systems, elevated levels of
angiotensin-converting enzyme 2 (ACE2), or pre-
dispositions to COVID-19 infection.10

Second, myocardial injury is commonly seen in pa-
tients with COVID-19 and is associated with worse
prognosis and mortality,8 although the exact mechanism
remains under investigation. One potential mechanism is
direct myocardial involvement mediated by ACE2.10

SARS-CoV-2 infection is caused by the binding of the
viral surface spike protein to the human ACE2 receptor.
ACE2 is highly expressed in the heart and is associated
with excessive activation of the renin-angiotensin sys-
tem, which results in conditions such as hypertension,
congestive heart failure, and atherosclerosis.10 A recent
hypothesis suggests that the inhibition of the angiotensin
1 receptor (AT1R) may provide benefits to patients with
COVID-19.11 Other suggested mechanisms of COVID-
19-related cardiac injury include cytokine storms and
systemic hyperinflammation, hypoxia-induced excessive
intracellular calcium leading to cardiac myocyte
apoptosis, microvascular injury, and/or stress cardio-
myopathy.10,12 In addition, Cappannoli et al8 demon-
strated that SARS-CoV-2 can also affect acute coronary
syndromes through systemic inflammatory activation
and cytokine release. Indeed, it has been posited that
these immune injuries may be risk factors for the
development of future CVDs through fibrosis or accel-
erated atherosclerosis. This identifies a critical need for
long-term study of patients with COVID-19 to under-
stand the cardiovascular sequelae of this disease.13

Environment, inflammation, and cardiovascular
diseases

Environmental pollutants may also induce inflam-
mation and enhance the risk of CVDs.7 The underlying
mechanisms may be due to the overproduction of
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reactive oxygen species and increases in inflammation
markers.7 In this issue, Yang et al14 demonstrated that
environmental degradation and exposure to heavymetals
may have a direct impact on CVD development. More
importantly, Yang et al14 also suggested that oxidative
stress and systemic inflammation induced by exposure to
toxic metals contribute to the progression of atheroscle-
rosis and CVDs. This work has provided evidence link-
ing environmental heavy metal exposure to increased
risks of CVDs and has suggested that inflammation may
be the key mechanism. As CVDs and environmental
degradation are major public health problems world-
wide, further studies are needed to elucidate the real
mechanism linking environmental exposure to heavy
metals and CVD risk in order to establish appropriate
intervention strategies for prevention.

Inflammation and heart failure

Inflammation has also been recognized as a common
pathobiologic feature of heart failure (HF), another
important CVD with high morbidity and mortality.
Studies have demonstrated that immune-inflammatory
activation plays a critical role in the development and
progression of HF and is predictive of poor outcomes.15

In the recent CANTOS trial, anti-cytokine therapy with
a monoclonal antibody targeted against IL-1b resulted
in improved heart failure outcomes.16 These results
suggest that more precisely targeted anti-inflammatory
therapeutic strategies may reduce HF mortality when
applied to more specific subpopulations.

Inflammation and cardiomyopathy

Along with the recognition of inflammation as a
major factor that modulates HF, the role of inflamma-
tory processes in the pathogenesis of cardiomyopathy
has also become widely accepted. An up-to-date review
by Tian et al17 provided a framework to deepen our
understanding of the genetic basis, pathogenetic phases,
and clinical faces of cardiomyopathy, including dilated
cardiomyopathy (DCM), hypertrophic cardiomyopathy
(HCM), arrhythmogenic cardiomyopathy (ACM), and
restrictive cardiomyopathy.

As the most common type of cardiomyopathy, the
etiology of DCM can be genetic, acquired, or mixed,
and it may result from genetic mutations, infections,
inflammation, exposure to toxins, or endocrine or
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neuromuscular causes. Progression from myocarditis to
DCM has long been hypothesized and is supported by
studies that used endomyocardial biopsy to provide
evidence of inflammation and/or viral infection within
the myocardium in patients with DCM.18 Due to these
findings, the term ‘inflammatory DCM’, which refers to
a subgroup of DCM associated with inflammation, has
become commonly used.19

A variable myocardial and systemic inflammatory
response associated with myocardial fibrosis was
demonstrated in patients with HCM, suggesting that
myocardial fibrosis in HCM is an active process
modified by an inflammatory response.20 The pheno-
typic variability observed in HCM is the end-result of
many factors; however, leukocyte-derived extracellular
traps, apoptosis, proliferation of matrix proteins, and
impaired or dysfunctional regulatory pathways also
contribute to tissue-level inflammation.21

ACM is an incurable genetic disease characterized
by arrhythmia, fibrosis, and cardiac dilation, which may
lead to HF and sudden cardiac death. A recent study has
shown that specific immune cell populations and che-
mokine expression profiles modulate inflammatory and
repair processes throughout ACM progression.22 This
suggests that inflammation may be a major component
of disease pathogenesis.

Conclusions

Emerging data suggest that dysregulation of inflam-
matory and immune pathways may be the leading mech-
anisms in a large number of CVDs, including coronary
disease, HF, cardiomyopathies, and heart rhythm disor-
ders.19,23,24 In this regard, understanding how inflamma-
tion contributes to CVDs is critical for establishing
appropriate intervention strategies for disease prevention
and control. Further studies will be needed to determine
the specific inflammatory mechanisms that contribute to
CVDs in order to better understand the pathological
crosstalk between inflammation and the cardiovascular
system and to identify novel therapeutic strategies.

Funding

This study was supported by a grant from the Chi-
nese Academy of Medical Sciences (CAMS)
217
Innovation Fund for Medical Sciences (CIFMS) (No.
2016-12M-3-011).

Conflicts of interest

None.

References

1. Chen WW, Gao RL, Liu LS, et al. China cardiovascular diseases

report 2015: a summary. J Geriatr Cardiol. 2017;14:1e10.

2. Tedgui A, Mallat Z. Cytokines in atherosclerosis: pathogenic and

regulatory pathways. Physiol Rev. 2006;86:515e581.

3. Consortium I-RMRA, Daniel Swerdlow, Holmes Michael, et al.

The interleukin-6 receptor as a target for prevention of coronary

heart disease: a mendelian randomisation analysis. Lancet.

2012;379:1214e1224.
4. Abbate A, Toldo S, Marchetti C, Kron J, Van Tassell BW,

Dinarello CA. Interleukin-1 and the inflammasome as therapeutic

targets in cardiovascular disease. Circ Res. 2020;126:1260e1280.

5. Ajala ON, Everett BM. Targeting inflammation to reduce residual

cardiovascular risk. Curr Atherosclerosis Rep. 2020;22:1e9.

6. Pothineni NVK, Subramany S, Kuriakose K, et al. Infections,

atherosclerosis, and coronary heart disease. Eur Heart J.

2017;38:3195e3201.

7. Shah PK, Lecis D. Inflammation in atherosclerotic cardiovas-

cular disease. F1000Res. 2019;8:1402.

8. Cappannoli Luigi, Scacciavillani R, Iannaccone G, et al. 2019

novel-coronavirus: cardiovascular insights about risk factors,

myocardial injury, therapy and clinical implications. Chronic Dis

Transl Med. 2020;6:246e250.

9. Li B, Yang J, Zhao FM, et al. Prevalence and impact of car-

diovascular metabolic diseases on COVID-19 in China. Clin Res

Cardiol. 2020;109:531e538.

10. Clerkin KJ, Fried JA, Raikhelkar J, et al. COVID-19 and car-

diovascular disease. Circulation. 2020;141:1648e1655.

11. Acanfora D, Ciccone MM, Scicchitano P, Acanfora C, Casucci G.

Neprilysin inhibitor-angiotensin II receptor blocker combination

(sacubitril/valsartan): rationale for adoption in SARS-CoV-2 pa-

tients. Eur Heart J Cardiovasc Pharmacother. 2020;6:135e136.

12. Atri D, Siddiqi HK, Lang J, Nauffal V, Morrow DA, Bohula EA.

COVID-19 for the cardiologist: a current review of the virology,

clinical epidemiology, cardiac and other clinical manifestations

and potential therapeutic strategies. JACC Basic Transl Sci.

2020;5:518e536.

13. Siddiqi HK, Neilan TG. COVID-19, immuno-oncology and

cardiovascular disease: viewpoint from the intersection. J Car-

diovasc Transl Res. 2020;13:347e348.

14. Yang AM, Lo K, Zheng TZ, et al. Environmental heavy metals

and cardiovascular diseases: status and future direction. Chronic

Dis Transl Med. 2020;6:251e259.

15. Murphy SP, Kakkar R, McCarthy CP, Januzzi Jr JL. Inflamma-

tion in heart failure: JACC state-of-the-art review. J Am Coll

Cardiol. 2020;75:1324e1340.

http://refhub.elsevier.com/S2095-882X(20)30081-5/sref1
http://refhub.elsevier.com/S2095-882X(20)30081-5/sref1
http://refhub.elsevier.com/S2095-882X(20)30081-5/sref1
http://refhub.elsevier.com/S2095-882X(20)30081-5/sref2
http://refhub.elsevier.com/S2095-882X(20)30081-5/sref2
http://refhub.elsevier.com/S2095-882X(20)30081-5/sref2
http://refhub.elsevier.com/S2095-882X(20)30081-5/sref3
http://refhub.elsevier.com/S2095-882X(20)30081-5/sref3
http://refhub.elsevier.com/S2095-882X(20)30081-5/sref3
http://refhub.elsevier.com/S2095-882X(20)30081-5/sref3
http://refhub.elsevier.com/S2095-882X(20)30081-5/sref3
http://refhub.elsevier.com/S2095-882X(20)30081-5/sref4
http://refhub.elsevier.com/S2095-882X(20)30081-5/sref4
http://refhub.elsevier.com/S2095-882X(20)30081-5/sref4
http://refhub.elsevier.com/S2095-882X(20)30081-5/sref4
http://refhub.elsevier.com/S2095-882X(20)30081-5/sref5
http://refhub.elsevier.com/S2095-882X(20)30081-5/sref5
http://refhub.elsevier.com/S2095-882X(20)30081-5/sref5
http://refhub.elsevier.com/S2095-882X(20)30081-5/sref6
http://refhub.elsevier.com/S2095-882X(20)30081-5/sref6
http://refhub.elsevier.com/S2095-882X(20)30081-5/sref6
http://refhub.elsevier.com/S2095-882X(20)30081-5/sref6
http://refhub.elsevier.com/S2095-882X(20)30081-5/sref7
http://refhub.elsevier.com/S2095-882X(20)30081-5/sref7
http://refhub.elsevier.com/S2095-882X(20)30081-5/sref8
http://refhub.elsevier.com/S2095-882X(20)30081-5/sref8
http://refhub.elsevier.com/S2095-882X(20)30081-5/sref8
http://refhub.elsevier.com/S2095-882X(20)30081-5/sref8
http://refhub.elsevier.com/S2095-882X(20)30081-5/sref8
http://refhub.elsevier.com/S2095-882X(20)30081-5/sref9
http://refhub.elsevier.com/S2095-882X(20)30081-5/sref9
http://refhub.elsevier.com/S2095-882X(20)30081-5/sref9
http://refhub.elsevier.com/S2095-882X(20)30081-5/sref9
http://refhub.elsevier.com/S2095-882X(20)30081-5/sref10
http://refhub.elsevier.com/S2095-882X(20)30081-5/sref10
http://refhub.elsevier.com/S2095-882X(20)30081-5/sref10
http://refhub.elsevier.com/S2095-882X(20)30081-5/sref11
http://refhub.elsevier.com/S2095-882X(20)30081-5/sref11
http://refhub.elsevier.com/S2095-882X(20)30081-5/sref11
http://refhub.elsevier.com/S2095-882X(20)30081-5/sref11
http://refhub.elsevier.com/S2095-882X(20)30081-5/sref11
http://refhub.elsevier.com/S2095-882X(20)30081-5/sref12
http://refhub.elsevier.com/S2095-882X(20)30081-5/sref12
http://refhub.elsevier.com/S2095-882X(20)30081-5/sref12
http://refhub.elsevier.com/S2095-882X(20)30081-5/sref12
http://refhub.elsevier.com/S2095-882X(20)30081-5/sref12
http://refhub.elsevier.com/S2095-882X(20)30081-5/sref12
http://refhub.elsevier.com/S2095-882X(20)30081-5/sref13
http://refhub.elsevier.com/S2095-882X(20)30081-5/sref13
http://refhub.elsevier.com/S2095-882X(20)30081-5/sref13
http://refhub.elsevier.com/S2095-882X(20)30081-5/sref13
http://refhub.elsevier.com/S2095-882X(20)30081-5/sref14
http://refhub.elsevier.com/S2095-882X(20)30081-5/sref14
http://refhub.elsevier.com/S2095-882X(20)30081-5/sref14
http://refhub.elsevier.com/S2095-882X(20)30081-5/sref14
http://refhub.elsevier.com/S2095-882X(20)30081-5/sref15
http://refhub.elsevier.com/S2095-882X(20)30081-5/sref15
http://refhub.elsevier.com/S2095-882X(20)30081-5/sref15
http://refhub.elsevier.com/S2095-882X(20)30081-5/sref15


H. Wang, Z.-C. Jing Chronic Diseases and Translational Medicine 6 (2020) 215e218
16. Everett BM, Cornel JH, Lainscak M, et al. Anti-inflammatory

therapy with canakinumab for the prevention of hospitalization

for heart failure. Circulation. 2019;139:1289e1299.

17. Hua TR, Zhang SY. Cardiomyopathies in China: a 2018e2019

state-of-the-art review. Chronic Dis Transl Med. 2020;

6:224e238.

18. Kazukauskiene I, Baltruniene V, Jakubauskas A, et al. Prevalence

and prognostic relevance of myocardial inflammation and cardio-

tropic viruses in non-ischemic dilated cardiomyopathy. Cardiol J;

2020. Epub ahead of print. https://doi.org/10.5603/CJ.a2020.0088

19. Imanaka-Yoshida K. Inflammation in myocardial disease: from

myocarditis to dilated cardiomyopathy. Pathol Int. 2020;70:1e11.

20. Kuusisto J, Karja V, Sipola P, et al. Low-grade inflammation and

the phenotypic expression of myocardial fibrosis in hypertrophic

cardiomyopathy. Heart. 2012;98:1007e1013.
218
21. Becker RC, Owens AP, Sadayappan S. Tissue-level inflamma-

tion and ventricular remodeling in hypertrophic cardiomyopathy.

J Thromb Thrombolysis. 2020;49:177e183.
22. Lubos N, van der Gaag S, Gercek M, Kant S, Leube RE,

Krusche CA. Inflammation shapes pathogenesis of murine

arrhythmogenic cardiomyopathy. Basic Res Cardiol.

2020;115:42.

23. Steven S, Frenis K, Oelze M, et al. Vascular inflammation and

oxidative stress: major triggers for cardiovascular disease. Oxid

Med Cell Longev. 2019;2019:1e26.

24. Nguyen MT, Fernando S, Schwarz N, Tan JT, Bursill CA,

Psaltis PJ. Inflammation as a therapeutic target in atheroscle-

rosis. J Clin Med. 2019;8:1109.
Edited by Yi Cui

http://refhub.elsevier.com/S2095-882X(20)30081-5/sref16
http://refhub.elsevier.com/S2095-882X(20)30081-5/sref16
http://refhub.elsevier.com/S2095-882X(20)30081-5/sref16
http://refhub.elsevier.com/S2095-882X(20)30081-5/sref16
http://refhub.elsevier.com/S2095-882X(20)30081-5/sref17
http://refhub.elsevier.com/S2095-882X(20)30081-5/sref17
http://refhub.elsevier.com/S2095-882X(20)30081-5/sref17
http://refhub.elsevier.com/S2095-882X(20)30081-5/sref17
http://refhub.elsevier.com/S2095-882X(20)30081-5/sref17
https://doi.org/10.5603/CJ.a2020.0088
http://refhub.elsevier.com/S2095-882X(20)30081-5/sref19
http://refhub.elsevier.com/S2095-882X(20)30081-5/sref19
http://refhub.elsevier.com/S2095-882X(20)30081-5/sref19
http://refhub.elsevier.com/S2095-882X(20)30081-5/sref20
http://refhub.elsevier.com/S2095-882X(20)30081-5/sref20
http://refhub.elsevier.com/S2095-882X(20)30081-5/sref20
http://refhub.elsevier.com/S2095-882X(20)30081-5/sref20
http://refhub.elsevier.com/S2095-882X(20)30081-5/sref21
http://refhub.elsevier.com/S2095-882X(20)30081-5/sref21
http://refhub.elsevier.com/S2095-882X(20)30081-5/sref21
http://refhub.elsevier.com/S2095-882X(20)30081-5/sref21
http://refhub.elsevier.com/S2095-882X(20)30081-5/sref22
http://refhub.elsevier.com/S2095-882X(20)30081-5/sref22
http://refhub.elsevier.com/S2095-882X(20)30081-5/sref22
http://refhub.elsevier.com/S2095-882X(20)30081-5/sref22
http://refhub.elsevier.com/S2095-882X(20)30081-5/sref23
http://refhub.elsevier.com/S2095-882X(20)30081-5/sref23
http://refhub.elsevier.com/S2095-882X(20)30081-5/sref23
http://refhub.elsevier.com/S2095-882X(20)30081-5/sref23
http://refhub.elsevier.com/S2095-882X(20)30081-5/sref24
http://refhub.elsevier.com/S2095-882X(20)30081-5/sref24
http://refhub.elsevier.com/S2095-882X(20)30081-5/sref24

	Inflammation and cardiovascular diseases
	Inflammation and atherosclerosis
	Infection, inflammation, and cardiovascular diseases
	Environment, inflammation, and cardiovascular diseases
	Inflammation and heart failure
	Inflammation and cardiomyopathy
	Conclusions
	Funding
	Conflicts of interest
	Conflicts of interest
	References


