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The role of systemic inflammation in heart failure
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Abstract

The discussion continues about the role of systemic inflammation in the pathogenesis of cardiovascular diseases
of ischemic etiology. This article reviews the information on the role of C-reactive protein in patients with
atherosclerosis and heart failure in risk stratification for adverse cardiovascular events, including assessment of
factors affecting the basal level of highly sensitive C-reactive protein. Research data (MRFIT, MONICA) have
demonstrated a relationship between an increased level of C-reactive protein and the development of coronary
heart disease. An increase in the serum level of highly sensitive C-reactive protein is observed in arterial
hypertension, dyslipidemia, type 2 diabetes mellitus and insulin resistance, which indicates the involvement of
systemic inflammation in these disorders. Currently, the assessment of highly sensitive C-reactive protein is used
to determine the risk of developing myocardial infarction and stroke. It has been proven that heart failure patients
have a high level of highly sensitive C-reactive protein compared with patients without heart failure. The level of
C-reactive protein is referred to as modifiable risk factors for cardiovascular diseases of ischemic origin, since
lifestyle changes or taking drugs such as statins, non-steroidal anti-inflammatory drugs, glucocorticoids, etc. reduce
the level of highly sensitive C-reactive protein. In patients with heart failure with different left ventricular ejection
fraction values, it was found that the regression of the inflammatory response is accompanied by an improvement in
prognosis, which confirms the hypothesis of inflammation as a response to stress, which has negative consequences

for the cardiovascular system.
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Currently, in addition to the hemodynamic and
neurohumoral concepts underlying the deve-
lopment of chronic heart failure (CHF), the im-
portance of cytokine activation and immune
inflammation is being widely discussed [1, 2]. This
is especially true for CHF caused by ischemic heart
disease due to atherosclerosis. The relationship be-
tween inflammation and atherosclerosis has been
a topic of scientific discussion for over 170 years.
In 1988, Munro et al. highlighted the first sources
from 1825, showing the connection between in-
flammation and atherosclerosis [3]. In 1976, Rose
and Harker substantiated the influence of metabo-
lic, chemical, and infectious factors on the develop-
ment of atherosclerosis [4].

Modern research is increasingly revealing the
coexistence of humoral and cellular reactions that
form the stages of inflammation; however, it is still
unclear if the factors initiate the process of inflam-
mation. In terms of functional reactions, the com-
monality of atherosclerosis and inflammation can
be traced in the fact that both conditions involve

connective tissue cells, endothelial and smooth
muscle cells, fibroblasts, macrophages, monocytes,
neutrophils, and platelets.

In atherosclerosis and inflammation, monocytes
and neutrophils are fixed on the surface of the en-
dothelium and activate integrin proteins, resulting
in active tissue infiltration and activation of pro-
tein and lipid peroxidation [5]. In both these condi-
tions, the death of functional phagocytes as a result
of necrosis promotes the activation of interleukins,
which results in the synthesis and blood secretion
of acute phase proteins, including C-reactive pro-
tein (CRP) [6]. Both pathological processes are
characterized by a long course with alternating pe-
riods of exacerbations and remission.

The body’s immune system reacts not only to
the aggression of an infectious disease but also to
any stressful effect, which includes ischemia and
hemodynamic overload, that is, factors that contrib-
ute to the onset and progression of heart failure [7].
The involvement of markers of systemic inflamma-
tion in the pathogenesis of CHF as well as their sig-
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nificance for stratification of cardiovascular event
risk continue to be studied. Patients with CHF of
any etiology have an increased concentration of
blood proinflammatory cytokines, which have se-
veral negative effects. The above changes made
it possible to formulate the immunoinflammato-
ry concept of the pathogenesis of heart failure [8].
Systemic inflammation can occur in patients
with heart failure due to tissue hypoperfusion
and neurohormonal activation [9—11]. In the ear-
ly stages, in patients with heart failure with short-
term overproduction of proinflammatory cytokines,
a positive effect occurs owing to increased expres-
sion of heat shock proteins, as well as improved re-
gional blood flow in the myocardium and increased
resistance to arrhythmias of ischemic etiology [12].
The prolonged overproduction of proinflammatory
cytokines exhibits its negative effect on the body,
including disruption of endothelium-dependent di-
latation of arterioles, activation of myocardial hy-
pertrophy formation and damage to cardiomyocyte
membranes, increased apoptosis, accumulation of
extracellular collagen matrix of the myocardium
with the subsequent development of myocardial re-
modeling, lung remodeling, and cachexia [12, 13].
The immunoinflammatory theory of the patho-
genesis of heart failure with preserved ejection
fraction (EF) explains the decrease in the functio-
nal capabilities of patients due to dysregulation of
the tone of peripheral arterioles. This contributes
to decreased strength and endurance of skeletal
muscles and, consequently, to decreased exercise
tolerance. An increase in the level of inflamma-
tory markers in patients with preserved systolic
function occurs as a result of both nonspecific ac-
tivation of immunocompetent cells and formation
of cytokines in the myocardium. The synthesis of
myocardial cytokines is in direct proportion to the
diastolic dysfunction of the myocardium [14, 15].
CRP, an acute phase protein synthesized mainly
in the liver in response to the release of proinflam-
matory cytokines (interleukin-6, to a lesser extent
interleukin-1 and tumor necrosis factor o), is main-
ly produced by macrophages and adipocytes [16].
In 1930, CRP in the presence of Ca’" was found to
bind the pneumococcal polysaccharide circulating
in the blood of patients with acute inflammatory
diseases [17]. This discovery initiated research into
the role of CRP in cardiovascular disease. In addi-
tion, CRP binds to low-density lipoproteins and is
present in atherosclerotic plaques [18]. A feature of
CRP, like other acute phase proteins of inflamma-
tion, is the high correlation of its blood concentra-
tion with disease severity.
As a result of the Multiple Risk Factor Inter-
vention Trial (MRFIT) study, data have been ob-
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tained for the first time indicating the importance
of determining CRP for predicting outcomes in pa-
tients with atherosclerosis. Accordingly, the risk
of myocardial infarction and death from coronary
heart disease increased three-fold in patients with
elevated CRP levels [19]. In the large MONICA
study, the incidence of coronary heart disease after
8 years of follow-up in patients with elevated CRP
levels was twice higher than in patients with nor-
mal levels [20].

Since the range of CRP levels determined in
clinical trials for vascular risk was predominantly
below the threshold determined by standard CRP
analysis (5—10 mg/L), a more accurate method
for determining the level of highly sensitive CRP
(hsCRP) was developed [21-24].

The data obtained helped create an algorithm
for assessing the clinical risk (Reynolds risk) for
women and men [25,26]. In addition to the tra-
ditional risk factors, information on the level of
hsCRP and data on hereditary history (myocardial
infarction before 60 years) are included.

The basal hsCRP level is influenced by many
factors, including age, sex, alcohol and smoking,
body weight and dietary habits, and comorbidities
[27,28]. Higher hsCRP levels are found in elder-
ly patients, which is associated with a higher in-
cidence of cardiovascular events in this cohort.
The hsCRP level increases with increasing age,
reaching its highest value by the age of 55.4 + 3.2
years, after which it stabilizes. Correlation analy-
sis revealed a close, direct relationship between age
and baseline hsCRP levels [29].

Increases in serum hsCRP level occur in dis-
orders such as hypertension, dyslipidemia, type 2
diabetes mellitus, and insulin resistance, sugges-
ting the involvement of systemic inflammation in
these disorders. CRP levels are inversely correla-
ted with a number of potentially protective risk
factors for coronary heart disease, such as phy-
sical activity, high-density lipoprotein cholester-
ol, apolipoprotein Al, and consumption of fruits
and vegetables [18]. The Firefighters and Their En-
dothelium (FATE) study included men (n=1154)
without a history of cardiovascular disease. Elevat-
ed CRP levels correlated with older age, increased
systolic and diastolic blood pressure, cholesterol,
triglyceride levels, and body mass index [30].

Currently, to identify patients at high risk of
cardiovascular events, it is recommended to de-
termine hsCRP (detection limit: 0.02 mg/dL) [31].
According to hsCRP level, the risk of developing
cardiovascular complications (myocardial infarc-
tion and stroke) is determined: the risk is low, ave-
rage, and high at an hsCRP level of <1, 1-3, and
>3 mg/L, respectively. If the hsCRP level exceeds
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10 mg/L, it is advisable to repeat the measurement,
as well as to examine the patient to detect infec-
tious and inflammatory diseases [32]. Moderate-
ly elevated concentrations of CRP, a classic acute
phase protein, are associated with long-term risk of
coronary heart disease in the general population. In
contrast, the main acute phase response of CRP af-
ter myocardial infarction is associated with death
and cardiac complications.

According to Ridker, to be more informative,
the risk of cardiovascular diseases should be as-
sessed using hsCRP in conjunction with the de-
termination of low-density lipoprotein level and
the atherogenic index [33]. The links between in-
creased CRP and plaque inflammation, increased
thrombosis, decreased nitric oxide synthesis, ex-
pression of adhesion molecules, altered comple-
ment functions, and inhibition of physiological
fibrinolysis have been extensively studied [34].

In vitro studies have shown that CRP binds with
low- and very low-density lipoproteins and thus ac-
tivates the complement system. Macrophages sti-
mulate tissue growth factor and hence coagulation.
In addition, CRP stimulates the expression of adhe-
sion molecules, intercellular adhesion molecules 1,
vascular cell adhesion molecules 1, and E-selectin
and increases infiltration by monocytes and lym-
phocytes [35]. Presumably, hsCRP activates in-
flammation of atheromatous plaques or leads to
bleeding from them or their rupture [36].

The TACTICS-TIMI study included 18 cohorts
of 1635 patients with ST-segment elevation acute
coronary syndrome after adjusting known clinical
predictors. This study indicated the predictive value
of increased CRP and natriuretic peptide levels in
combination with troponin I in achieving the com-
bined endpoint (death, myocardial infarction, and
CHF). In addition, the combination of these bio-
markers had an additional prognostic value: in pa-
tients with one, two, and three elevated biomarkers,
the risk of death, myocardial infarction, or the de-
velopment of CHF increased 2.1 times, 3.1 times,
and 3.7 times, respectively [37].

Signs of chronic systemic inflammation, deter-
mined by elevated serum CRP levels, have been
observed in patients with heart failure [38, 39].
In these patients, regardless of CHF etiology,
a higher level of hsCRP is determined relative
to patients without heart failure. The concen-
tration of hsCRP was comparable in patients
with CHF of ischemic and non-ischemic etiolo-
gies [40]. Comparison of laboratory parameters
of patients with CHF with reduced EF showed
that patients of the III-IV functional class (ac-
cording to the classification of the New York
Heart Association) had higher hsCRP values

than those of the I-II functional class (15.5 [0.89—
82] and 2.6 [0.33-25] mg/L, respectively) [41].

The relationship between CRP levels and left
ventricular (LV) myocardial function was studied
in a crossover study of 98 patients directed to cardi-
ac catheterization. CRP level increased to a greater
extent in patients with diabetes mellitus and heart
failure. Elevated CRP levels were associated with
increased plasma levels of natriuretic peptide, de-
creased LVEF, and increased LV end-diastolic
pressure. After multivariate adjustment, LV end-
diastolic pressure and CRP were independently re-
lated [42].

Andryukhin (2010) noted increased CRP level
in 70% of patients with CHF and preserved LVEEF,
including 33% patients with high cardiac risk (in
terms of CRP). The body mass index was higher at
high risk than at low and medium risk. A correla-
tion was found between body mass index and CRP
concentration in patients with CHF with preserved
LVEEF. An increase in CRP in CHF was accompa-
nied by a decrease in exercise tolerance, as deter-
mined by the 6-min walk test [43].

Tromp (2017) et al. showed that patients with
CHF and preserved LVEF had a higher hsCRP le-
vel than those with decreased LVEF. When adjus-
ted for clinical parameters (e.g., age, sex, estimated
glomerular filtration rate, systolic blood pressure,
previous myocardial infarction, diabetes mellitus,
atrial fibrillation, and anemia), a higher hsCRP le-
vel was associated with preserved LVEF [44].

Sanchez-Lazaro et al. examined 546 patients
with heart failure and reduced LV systolic func-
tion (LVEF < 45%) in the outpatient register. Over-
all, 69% of patients with CHF and LVEF of <45%
had an increased CRP level, including 37% patients
with high cardiovascular risk [45].

The prognostic value of increased CRP level
has been demonstrated in an increased number
of hospitalizations among patients with CHF. Pa-
tients who were hospitalized more than twice had
higher hsCRP levels than those with fewer hospi-
talizations. There was a significant correlation be-
tween the number of hospitalizations of patients
with CHF and the hsCPB level. Multiple regression
analysis showed that hsCPP, NT-pro-natriuretic
peptide, and hemoglobin levels were the indepen-
dent predictors of readmission [41].

An increase in serum hsCRP is recognized
as an independent predictor of prognosis in pa-
tients with CHF. In a study by Yin, patient out-
comes were analyzed considering hsCRP level and
LVEF. Patients with hsCRP >2.97 mg/L were as-
sociated with poorer outcomes than patients with
hsCRP <2.97 mg/L. Poor prognosis in patients with
hsCRP <2.97 mg/L and LVEF <35% was not rela-
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ted to poor clinical outcome. Patients with hsCRP
>2.97 mg/L and LVEF <35% were statistically sig-
nificantly more likely to have a poorer prognosis
than patients with hsCRP >2.97 mg/L and LVEF
>35%. Multivariate analysis showed that LVEF and
serum hsCRP levels were independent markers of
outcomes in patients with CHF. hsCRP level is
minimally correlated with LVEF [40].

Four prospective cohorts (Framingham Heart
Study, Cardiovascular Health Study, Prevention
of Renal and Vascular End-stage Disease, and
Multi-Ethnic Study of Atherosclerosis) were ana-
lyzed to search for associations of heart failure
markers by including 22,756 patients aged 60 years,
with a median follow-up of 12 years. Heart failure
with preserved LVEF was detected in 633 partici-
pants and with reduced LVEF in 841 patients. In
models adjusted for clinical risk factors, hsCRP
level was more closely associated with the develop-
ment of CHF with decreased LVEF compared with
the development of CHF with preserved LVEF [46].

Further studies on CRP have shown that life-
style changes or taking certain medications can
alter hsCRP levels [27]. For example, statins, fi-
brates, nonsteroidal anti-inflammatory drugs, glu-
cocorticoids, and even some antidepressants reduce
hsCRP levels. Prescribing carvedilol to patients
with decreased LVEF who had not previously re-
ceived B-blockers for 12 months led to a reduction
in the number of inflammatory biomarkers [47].
Joynt (2004) analyzed 96 outpatients with heart
failure and showed that B-blockers reduced blood
CRP level by 37.5% [48].

The CARE study found that the clinical benefit
of statins in terms of reducing cardiac events was
higher among patients with elevated CRP levels.
In addition, statin therapy independently reduced
the concentration of CRP and, to a large extent,
low-density lipoproteins [49, 50]. All statins have
been shown to be effective for reducing CRP and
low-density lipoprotein levels, but rosuvastatin was
found to be more effective [51-55].

Patients with regression of the inflammatory re-
sponse have a better prognosis. This supports the
hypothesis that inflammation, like neurohormon-
al activation, is an attempt in response to stress
to restore homeostasis, but prolonged and unba-
lanced activation will ultimately have deleterious
effects on the cardiovascular system. Lourengo et
al. (2019) observed 439 patients, of which 69.2%
had heart failure with reduced LVEF (mean CRP
= 12.4 mg/L). During the observation period, 247
(56.3%) patients died: 73 (54.1%) with preserved
LVEF and 174 (57.2%) with reduced LVEF. The au-
thors showed that patients with decreased hsCRP
of at least 40% had a 3-year mortality rate of 0.71.
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Assessment of the prognosis by LVEF value was re-
produced in patients with preserved LVEF and did
not show statistically differences in patients with
reduced LVEF. After adjusting for clinical covari-
ates (e.g., age, sex, estimated glomerular filtration
rate, systolic blood pressure, previous myocardial
infarction, diabetes mellitus, atrial fibrillation, and
anemia), higher hsCRP levels remained associated
with preserved LVEF [56, 57].

Thus, the proinflammatory state contributes
to the development and progression of heart fai-
lure not only by impairing myocardial function but
also by affecting other organs and tissues, there-
by adding cachexia and anemia to other aspects of
CHF [58]. Patients with CHF have elevated CRP
levels, and cardiac decompensation tends to further
increase this level. An increase in hsCRP level in
patients with CHF is associated with an increase in
cardiovascular risk. Knowledge of this contributes
to the optimization of therapeutic approaches to re-
duce it [59].
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