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A B S T R A C T

The purpose of this research is to study the characteristics of the change in the circadian rhythm of macrophage
colony-stimulating factor (M-CSF) content in the peripheral blood serum of patients with stage II essential hy-
pertension (EH) based on 5 time points (8:00, 14:00, 20:00, 2:00, and 8:00) and analyze its connection with the
frequency of cardiovascular events.
Materials and methods: Identified levels of M-CSF in the peripheral blood serum of 60 patients with stage II EH,
before and after 1 year of antihypertensive therapy using enzyme-linked immunoassays (at 8:00, 14:00, 20:00,
2:00, and 8:00).
Results: The research demonstrated that stage II EH patients with a medical case history lasting 10–14 years have
a greater content of M-CSF in their peripheral blood serum (p > 0.001). Before the start of antihypertensive
therapy, they also have an increased variability in the circadian rhythm of M-CSF content in the bloodstream
(when compared with healthy individuals) due to an increase at 20:00, decrease at 2:00 and recovery at 8:00. In
70% of those patients taking antihypertensive medication and have reached their target arterial blood pressure,
the cytokine decrease stabilizes at 2:00 but the increase at 20:00 remains unchanged. Thirty percent of patients
retained the rhythm characteristics of M-CSF content in the blood serum typical of patients before the start of
therapy. This is a predictor of an increase in the five-year risk of developing cardiovascular complications,
particularly myocardial infarction and acute cerebrovascular accident, in individuals with a comparable risk of
cardiovascular complications or death on the Framingham risk score.

1. Introduction

Contradictory data about the role of macrophage colony-stimulating
factor (M-CSF) in the development of cardiovascular diseases, in par-
ticular, the formation of myocardial infarction (MI) and acute disturbed
cerebral circulation with underlying elevated blood pressure, has been
published in literature. Schiopu A. et al. (2016) determined that high
levels of M-CSF and MCP-1 in plasma correlate with a low risk of de-
veloping a MI [1]. At the same time, other studies [2,3] demonstrate a
direct relation between the M-CSF content in peripheral blood serum
and the frequency of myocardial infarction and acute disturbed cerebral
circulation in people suffering from cardiovascular diseases. The re-
searchers stress that the role of M-CSF in cardiovascular diseases is
complex and possibly depends on additional factors, whose identifica-
tion is topical. Recent studies have emphasized the importance of a 24-

hour daily cycle, called the Circadian Cycle, in relation to the body's
immune function and its influence on the development of cardiovas-
cular disease [4]. A demonstrated relationship between the frequency
of cardiovascular complications and the time of day suggests a hy-
pothesis regarding the presence of circadian immune markers, in par-
ticular M-CSF, that determine the progression of EH. The purpose of
this research is to study the change characteristics in the circadian
rhythm of M-CSF content in the peripheral blood serum of patients with
stage II EH based on 5 time points (8:00, 14:00, 20:00, 2:00, and 8:00)
and analyze their connection with the frequency of cardiovascular
events (MI, acute cerebrovascular accident (ACA)).

2. Materials and methods

The study on “Cytokines in the Pathogenesis of EH” was carried out
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during the period from 2008 to 2018 at the Immunology, Microbiology,
and Virology Department in the Institute of Medicine at N.P. Ogariov
Mordovia State University, Regional Vascular Center in the SBHI RM
Republican Clinical Hospital No. 4. In 2013, an additional group of 60
stage II EH patients (30 men and 30 women) was formed to study the
change in M-CSF content in peripheral blood serum over the course of
24 h.

Inclusion criteria: stage II EH, disease duration of 10–14 years, not
on antihypertensive medication at the time of enrollment into the
study, comparable antihypertensive therapy over the course of the
following year (ACE inhibitor ± diuretic), born in 1955 or 1956,
comparable levels of total cholesterol (< 5.0 mmol/L),
LDL < 3.0mmol/L, HDL > 1.0mmol/L, triglycerides < 1.7mmol/L,
glucose< 5.5mg/dL, BMI < 25 kg/m2, patient’s signed informed
consent.

Exclusion criteria: associated clinical conditions (MI, ACA and
more), total cholesterol (> 5.0mmol/L), LDL > 3.0mmol/L,
HDL < 1.0mmol/L, triglycerides > 1.7 mmol/L, glucose > 5.5mg/
dL, BMI > 25 kg/m2, diabetes mellitus types I and II, autoimmune and
allergic diseases, secondary hypertension or patient’s refusal to parti-
cipate in a long-term study.

The comparison group is a conditionally healthy 30 people (15 men
and 15 women) with an systolic blood pressure ranging from 100 to
120mmHg and a diastolic blood pressure of 70–89mmHg, comparable
in age and key biochemical parameters with the observation group.

Biological material for the study (blood) was obtained in accordance
with the provisions of the WMA Declaration of Helsinki (2000) and the
protocol of the Council of Europe Convention on Human Rights and
Biomedicine (1999). This study was approved by the ethical committee
of Mordovia State University (protocol No. 12 on 14 December 2008).
All patients signed a voluntary informed consent. Blood sampling was
performed twice (before the beginning of antihypertensive therapy and
after 1 year of therapy) at 8:00, 14:00, 20:00, 2:00, and 8:00 (an in-
terval of no food intake for at least 6 h. M-CSF detection in the blood
serum was performed at the laboratory of the Department of
Immunology (Russian Federation perpetual license No. 13.01.04. 0001.
L.000005.06.11, dated 23 June 2011) using R&D Systems (USA) en-
zyme-linked immunoassay test systems with a measurement range of
47.3–5000 pg/ml on the Personal Lab TM (Adaltis, Italy) immunoassay
analyzer. We utilized the annual “telephone survey” method on the
research participants to confirm the absence of complications (MI, ACA,
transient disturbed cerebral circulation) during the observation, with a
diagnosis confirmation based on medical history data: clinical and di-
agnostic, such as electrocardiogram, echocardiogram, troponins level
test, computerized brain imaging.

Statistical data was processed using the application packages
StatSoft Inc. 10.0 (USA). The distribution normality of the values was
determined using the Kolmogorov-Smirnov one-sample test. The data
were presented as a median (Me) and percentile (Q0.25-Q0.75). The
normality determination of the data distribution justified the use of the
paired student t test within the patient group with stage II EAH before
therapy, the Wilcoxon test within the group “after 1 year of therapy”
and the comparison group, and, between the groups, the Mann-Whitney
test (in independent samples) and the Wilcoxon test (dependent sam-
ples) to compare the results at 8:00, 14:00, 20:00, 2:00, and 8:00. When
dividing groups into subgroups, researchers used the Bonferroni cor-
rection for multiple comparisons, which confirmed the validity of the
statistical analysis data specified in the article if p < 0,007. Absolute
and relative risks of end-organ damage (MI, ACA) with 95% CI. Four-
field tables were analyzed using Fisher's exact criteria (two-sided), φ,
and the normalized value of the Pearson coefficient (C').

3. Results and discussion

Significant quantitative and qualitative variations in the circadian
rhythm of M-CSF content were recorded in the peripheral blood serumTa
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from stage II EH patients, with a disease history of 10–14 years and no
antihypertensive medication, when compared with healthy individuals
(the comparison group). M-CSF levels at 8:00, 14:00, 20:00 and 2:00
are 1.5–2.5 times higher (p < 0.001) in patients with stage II EH than
in those without EH (Table 1). The growth of M-CSF by 17.2%
(p < 0.001) at 20:00 and the 22% (p < 0.001) decrease at 2:00 are
significant when compared with the results at 8:00 and 14:00 (Table 2).
In the healthy group, the values at 8:00, 14:00, 20:00 and 2:00 did not
vary (p > 0.05). Experimental literature indicates that one of the
earliest responses to the effects of M-CSF is the stimulation of Na+/K+
metabolism, an increase in the activity of Na+ [5] and apoptosis of the
smooth muscle cells of the vascular wall, with a synthesis imbalance of
type III MMPs [6,7]. This affects the morphological stage of arter-
iogenesis of medium-sized arteries (progression of EH). According to
our data [8], the change in the circadian rhythm of M-CSF content in
blood serum is linked to the development of a pathologic blood pressure
circadian rhythm («Non – dipper» и «Night-peaker»). In addition, M-
CSF growth determines the increase of monocytes/macrophages in the
periphery (macrophage recruitment is a critical step in the pathogenesis
of hypertension [9]), with a potential accumulation of macrophages in
the adipose tissue and an adipokine synthesis imbalance [10], which
determines the progression of EH-related metabolic disorders.

Protective effects were recorded after 1 year of antihypertensive
medication: a decrease in M-CSF at 8:00, 14:00, and 20:00 in the blood
serum of patients with stage II EH when compared with a period
without therapy (p < 0.01), but concentrations remain higher than in
the healthy group (p < 0.001). There is no cytokine decrease at 2:00,
characteristic of the “before therapy” stage, but maintains the growth at
20:00 (Tables 1 and 2). Eighteen patients who were taking anti-
hypertensive medication and had reached their target blood pressure
retained the circadian rhythms of M-CSF content in the blood char-
acteristic of the “before antihypertensive therapy” stage (peak at 20:00,
decrease at 2:00) (Table 2). In the subsequent 5 years of observation, in
this group 13 out of 18 patients registered complications (MI – 8, ACA
− 6). The absolute risk is equal to 72.2% [51.5–92.9]. In in the group
under the effects of antihypertensive therapy and partial recovery of M-
CSF circadian patterns (with the absence of a pronounced decrease at
2:00) 2 out of 42 patients developed ACA (the absolute risk of cardio-
vascular complications was 4.76% [−1.68 to 11.2]). The risk ratio of
the two groups is 15.2 [3.8–60.4], the specificity of potential criterion is
0.89, the sensitivity is −0.87, φ is 0.0000 (p < 0.05), and C' is 0.82
(the link is very strong). M-CSF induced the production of VEGF-A in
cardiomyocytes through the Akt signaling pathway and MAP kinase,
which enhanced the promoting activity of p38 and JNK, stabilized the
mRNA of VEGF-A, and implemented cardio- and angioprotective
functions, but with a dose-dependent nature of the effects [6,7]. It may
possibly be the changing dynamics of the M-CSF content in the blood
during the 20:00 to 2:00 interval (with a marked decrease at 2:00) that
persists in EH patients during antihypertensive therapy, impairs the
dose-dependent protective effects of M-CSF and is one of the pathoge-
netic elements associated with the rise in the incidence of MI in this
category of patients.

4. Conclusions

The results of the study have proven that stage II EH patients with a

10–14 year history of the disease are characterized by higher levels of
M-CSF in the peripheral blood serum and by an increased variability in
the circadian rhythm of the M-CSF content in the blood (when com-
pared with healthy individuals), due to growth at 20:00, a decline of
2:00 and recovery at 8:00. Thirty percent of patients retained the
rhythm characteristics of blood serum M-CSF content typical of patients
before the start of therapy, which is a predictor of an increase in the
five-year risk of developing cardiovascular complications, particularly
MI and ACA. The data presented opens up the prospect for further ex-
amination of the role M-CSF plays in maximizing the personalization in
the analytical findings of cytokine variation, which is the basis for fu-
ture implementation in practical medicine.
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