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Abstract: Objective: This study mainly analyzed the alterations of serum inflammatory cytokines (ICs) and fibrosis makers in patients with essential hypertension (EH) and the risk factors (RFs). Methods: In this retrospective
study, a total of 145 patients with EH admitted from January 2013 to January 2018 were selected as the research
subjects, among which 89 patients without left ventricular hypertrophy (LVH) were included in the EH group and
56 patients with LVH were set as the LVH group. In addition, another 50 healthy subjects who underwent physical
examination during the same period were selected as the healthy control (HC) group. The alterations of serum ICs
such as interleukin (IL)-6, IL-10 and IL-18, and fibrosis makers like type III procollagen (PCIII), fibronectin (LN) and
hyaluronic acid (HA) of the three groups were analyzed, and the RFs of LVH in EH patients were analyzed using the
multivariate logistic model. Results: Statistically higher levels of IL-6, IL-18, PCIII, LN and HA with lower IL-10 levels
were determined in the LVH group compared with the EH group. In comparison with the HC group, IL-6, IL-18, PCIII,
LN and HA in the EH group were significantly higher, while IL-10 was significantly lower. On the other hand, BMI,
LVMI, IL-6, IL-18, PCIII, LN, and HA were identified by multivariate logistic analysis to be the RFs affecting LVH in EH
patients, while IL-10 was its protective factor. Conclusions: The above results suggest that serum ICs (except IL-10)
and fibrosis markers are up-regulated abnormally in EH patients with LVH, and BMI, LVMI, IL-6, IL-10, IL-18, PCIII, LN,
and HA are all independent predictors of LVH in EH patients.
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Introduction
As a common chronic inflammatory condition
and a prime reason for premature death and
disability worldwide, essential hypertension
(EH) leads to increased risk of cardio-cerebrovascular events such as myocardial infarction,
atrial fibrillation, stroke and heart failure [1, 2].
As indicated by statistics, EH affects approximately 1 billion people around the world and
causes 10 million deaths every year [3, 4]. Left
ventricular hypertrophy (LVH) is an early pathological manifestation of EH and a common
cause of EH-related targeted organ damage,
mainly manifested as abnormal increase in
myocardial fibrosis [5]. It is shown that 30% of
EH patients may be complicated with LVH [6],

among whom cognitive impairment, atherosclerosis and other adverse events frequently
occur, which seriously threaten the prognosis of
patients [7]. Therefore, revealing the clinical
presentations of EH and its associated LVH,
and exploring its related risk factors (RFs) from
its pathological mechanism are of great value
for the diagnosis, treatment and prevention of
EH.
The pathological mechanism of EH is very complex, involving inflammatory reactions, hemodynamic disorders, the immune system and metabolic abnormalities [8]. Animal experiments
also suggest that inflammatory responses
mediate the nosogenesis of EH, in which many
cell signal molecules play key roles and may
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accelerate EH progression [9]. In addition,
inflammation is also involved in the occurrence
and progression of EH-related targeted organ
damage, which is closely related to the pathological process of LVH [10]. Studies have shown
that inflammatory cytokines (ICs) contribute to
the malignant progression of cardiac fibrotic
reprogramming and dysfunction by sharing
macrophage-mediated responses and triggering cellular inflammatory cascades that promote the secretion of pro-fibrotic factors and
activation of matrix metalloproteinases [11].
The novelty of this study is to analyze serum
levels of ICs and fibrosis markers as well as the
RFs in EH and EH combined with LVH (EH +
LVH) patients, aiming to provide a new theoretical basis for clinical management of EH and EH
+ LVH.
Materials and methods
General data
A total of 145 patients with EH admitted from
January 2013 to January 2018 were selected
as the research participants, all of whom underwent echocardiography to determine the presence of LVH. LVH diagnostic criteria were [12]: a
left ventricular mass index (LVMI) > 134 g/m2
for males and > 110 g/m2 for females; echocardiography showing a thickening of the left ventricular posterior wall or interventricular septal
wall ≥ 12 mm; an S wave in lead V1 (SV1) + R
wave in lead V5 (Rv5) ≥ 35 mm. Patients meeting any of the above criteria were confirmed
with LVH, based on which, the 145 patients
included were further grouped. Of them, EH
patients without LVH were set as the EH group
(n = 89), including 59 males and 30 females,
with an average age of (54.19 ± 10.63) years.
EH patients suffering from LVH were included in
the LVH group (n = 56), including 29 males and
27 females, with a mean age of (54.68 ± 9.65)
years. The age, sex and other general data of
the two groups were comparable (P > 0.05).
This retrospective study was conducted after
approval by the Ethics Committee of the First
Affiliated Hospital of China Medical University
(2014-2-2), and all subjects signed the informed
consent.
Inclusion and exclusion criteria
All the enrolled patients diagnosed with EH had
complete medical records but no myocardial
infarction in the past six months, no use of
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drugs with possible influences on the research
results in the past six months and no blood system diseases.
Patients with severe cardiovascular diseases,
malignant tumors, infectious diseases, heart
surgery in the past month, or severe valvular
diseases were excluded, as well as those with
mental illness or communication disorders.
Inspection methods
From all subjects in the three groups, 5ml elbow
venous blood was sampled on an empty stomach in the early morning and it was placed into
procoagulant tubes and then transferred to
new test tubes for 10 min of centrifugation
(1500×g, 4°C). The serum was then collected
and stored at -80°C until use. Serum levels of
interleukin (IL)-6, IL-10, IL-18, type III procollagen (PCIII), fibronectin (LN) and hyaluronic acid
(HA) were measured by an enzyme-linked
immunosorbent assay (ELISA), and the operation process strictly followed the instructions of
ELISA detection kits all supplied by Wuhan Fine
Biotech. Finally, the concentration of each
serum index was determined by a spectrophotometer (Zeping Bopscience and Technologies,
Beijing, China, UV5Nano).
Statistical analysis
SPSS 22.0 was used for statistical analysis.
Case number/percentage (n/%) and mean ±
SEM were used to indicate categorical and
quantitative data, respectively. The inter-group
differences of categorical data were analyzed
using the Chi-square test, and a continuous
correction Chi-square test was used when the
theoretical frequency was less than 5 in the
Chi-square test. For quantitative data, the independent sample t-test was used for comparison between groups, and a one-way analysis of
variance was used for comparison among multiple groups. The RFs of LVH in EH patients were
determined using the multivariate logistic
model. P < 0.05 was the significance level for
all analyses.
Results
Analysis of general and pathological data of
three groups of patients
The average age, residence, family history of
LVH/EH, rates of smoking, alcoholism, triglycerAm J Transl Res 2022;14(6):4097-4103
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Table 1. Analysis of general and pathological data of patients in two groups [n (%), mean ± SEM]
Factor
Average age (years)
Sex
Male
Female
BMI (kg/m2)
SBP (mmHg)
DBP (mmHg)
Residence
Urban
Rural
Family history of LVH
Yes
No
Family history of EH
Yes
No
Smoking
Yes
No
Alcoholism
Yes
No
Total cholesterol (mmol/l)
Triglyceride (mmol/l)
LVEF (%)
LVMI (g/m2)

HC group (n = 50)
53.60 ± 7.56

EH group (n = 89)
54.19 ± 10.63

LVH group (n = 56)
54.68 ± 9.65

25 (50.00)
25 (50.00)
23.74 ± 3.02
111.30 ± 18.91
78.34 ± 9.24

59 (66.29)
30 (33.71)
24.70 ± 3.87
159.78 ± 24.51*
97.78 ± 14.09*

29 (51.79)
27 (48.21)
27.29 ± 3.17*,#
165.55 ± 21.30*
99.13 ± 12.26*

32 (64.00)
18 (36.00)

68 (76.40)
21 (23.60)

45 (80.36)
11 (19.64)

P
0.848
0.095

< 0.001
< 0.001
< 0.001
0.131

0.448
11 (22.00)
39 (78.00)

20 (22.47)
69 (77.53)

8 (14.29)
48 (85.71)
0.146

3 (6.00)
47 (94.00)

15 (16.85)
74 (83.15)

10 (17.86)
46 (82.14)

29 (58.00)
21 (42.00)

52 (58.43)
37 (41.57)

36 (64.29)
20 (35.71)

23 (46.00)
27 (54.00)
4.06 ± 0.37
1.28 ± 0.33
64.00 ± 6.48
84.18 ± 8.48

59 (66.29)
30 (33.71)
4.46 ± 0.42*
1.32 ± 0.39
65.82 ± 7.41
95.39 ± 12.71*

31 (55.36)
25 (44.64)
4.54 ± 0.30*
1.39 ± 0.33
65.91 ± 9.72
130.71 ± 7.83*,#

0.740

0.060

< 0.001
0.274
0.363
< 0.001

Note: *P < 0.05 compared with the HC group; #P < 0.05 compared with the EH group. BMI, body mass index; SBP, systolic
blood pressure; DBP, diastolic blood pressure; LVH, left ventricular hypertrophy; EH, essential hypertension; LVEF, left ventricular ejection fraction; LVMI, left ventricular mass index.

ide levels, and left ventricular ejection fraction
(LVEF) were not significantly different among
the three groups (P > 0.05), but there were significant differences in body mass index (BMI),
systolic/diastolic blood pressure (SBP/DBP),
total cholesterol, and LVMI (P < 0.05). The comparison results between the EH group and LVH
group showed that the two groups were only
significantly different in BMI and LVMI (P <
0.05) Table 1.
Comparison of serum ICs among the three
groups of patients
We measured serum ICs in EH and EH + LVH
patients as well as healthy controls with an
ELISA. IL-6, IL-10, and IL-18 levels were found to
be (20.80 ± 2.78) pg/ml, (5.93 ± 1.52) ng/ml,
and (46.18 ± 8.38) pg/ml in the EH group and
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(29.60 ± 2.75) pg/ml, (4.40 ± 0.96) ng/ml, and
(60.26 ± 4.61) pg/ml in the LVH group, respectively. Similarly, the levels of IL-6, IL-10, and
IL-18 in the HC group were (14.40 ± 2.29) pg/
mL, (11.48 ± 2.21) ng/mL, and (21.14 ± 3.86)
pg/mL, respectively. By comparison, we found
that IL-6 and IL-18 were statistically higher
while IL-10 was lower in the LVH group compared with the EH group (P < 0.05). In comparison with the HC group, the levels of IL-6 and
IL-18 were higher in the EH group and the IL-10
level was lower, with statistical significance (P <
0.05) Figure 1.
Comparison of serum fibrosis makers among
the three groups of patients
We compared and analyzed serum fibrosis
makers of the three groups, and found that
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Figure 1. Comparison of serum inflammatory cytokines between EH and EH + LVH patients. A. IL-6 levels in the three
groups. B. IL-10 levels in the three groups. C. IL-18 levels in the three groups. Note: **P < 0.01. IL-6, interleukin-6;
IL-10, interleukin-10; IL-18, interleukin-18.

Figure 2. Comparison of serum fibrosis makers between EH and EH + LVH patients. A. PCIII levels in the three
groups. B. LN levels in the three groups. C. HA levels in the three groups. Note: **P < 0.01. PCIII, type III procollagen;
LN, fibronectin; HA, hyaluronic acid.

Table 2. Logistic multivariate regression assignment
Factor
BMI
LVMI
IL-6
IL-10
IL-18
PCIII
LN
HA

Variable
X1
X2
X3
X4
X5
X6
X7
X8

Assignment
Continuous variable
Continuous variable
Continuous variable
Continuous variable
Continuous variable
Continuous variable
Continuous variable
Continuous variable

Note: BMI, body mass index; LVMI, left ventricular mass
index; IL-6, interleukin-6; IL-10, interleukin-10; IL-18,
interleukin-18; PCIII, type III procollagen; LN, fibronectin;
HA, hyaluronic acid.

PCIII, LN and HA levels were (113.79 ± 18.79)
pg/ml, (119.43 ± 15.12) ng/ml and (77.56 ±
10.56) pg/ml in the EH group, (145.69 ± 23.50)
pg/ml, (170.43 ± 11.24) ng/ml and (113.88 ±
7.57) pg/ml in the LVH group, and (14.40 ±
2.29) pg/mL, (11.48 ± 2.21) ng/mL, and (21.14
± 3.86) pg/mL in the HC group, respectively.
PCIII, LN and HA levels were the highest in the
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LVH group and the lowest in the HC group, with
those of the EH group in between, with statistical significance among the three groups (P <
0.05) Figure 2.
Analysis of RFs influencing LVH in EH patients
BMI, LVMI, IL-6, IL-10, IL-18, PCIII, LN, and HA
factors with differences between the EH group
and LVH group were included in the analysis
and used as dependent variables to assign values, while whether it affects EH + LVH was
used as the dependent variable for multivariate
analysis using the Logistic regression model.
The results identified that BMI (P = 0.023),
LVMI (P = 0.004), IL-6 (P = 0.029), IL-10 (P =
0.002), IL-18 (P = 0.037), PCIII (P = 0.010), LN
(P = 0.008), and HA (P = 0.006) independently
affected the occurrence of LVH in EH patients
Tables 2 and 3.
Discussion
The clinical manifestation of EH is an increased
systemic arterial blood pressure, accompanied
by functional or organic damage to the heart,
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decreasing trend in these three groups.
Findings from the research of Shi et al.
[23], revealed that the higher the disFactor
β
S.E
Wald
P
OR
95% CI
ease severity of patients with pregnancy
BMI
1.736 0.954 3.453 0.023 2.341 1.365-3.847
induced hypertension syndrome, the
LVMI
2.451 0.872 4.798 0.004 4.574 3.258-7.792
higher the IL-6 level, which was similar
IL-6
0.887 0.711 6.651 0.029 3.058 2.245-5.473
to our findings. Su et al. [24] reported
IL-10 -2.254 0.894 7.146 0.002 0.674 0.301-0.845
that IL-6 can act as a pro-inflammatory
IL-18
0.893 0.750 6.654 0.037 3.159 2.257-5.389
mediator to enhance vascular cell
PCIII
0.125 0.287 6.750 0.010 3.047 1.947-5.247
inflammation in EH lesions, showing sigLN
0.456 0.168 7.225 0.008 1.573 1.130-2.196
nificantly higher expression in EH
HA
0.789 0.303 7.032 0.006 2.212 1.233-3.978
patients compared with healthy conNote: BMI, body mass index; LVMI, left ventricular mass index; IL-6,
trols, and notably elevated expression
interleukin-6; IL-10, interleukin-10; IL-18, interleukin-18; PCIII, type III
in EH patients with complications verprocollagen; LN, fibronectin; HA, hyaluronic acid.
sus EH patients, which supports our
findings. IL-10, as an immunoregulatory
brain, kidney and other organs [13]. At present,
cytokine is protective of the vasculature, which
may exert a protective mechanism against EH
preventing and alleviating LVH has become the
by activating cellular cascades [25]. In the
long-term treatment goal of EH [14]. Previous
study of Serinkan et al. [26] the level of IL-10 in
studies have also shown that LVH regression in
the EH group was significantly lower than that
EH patients can reduce the risk of overall carin the HC group, which was consistent with our
diovascular events by 46% and improve patient
research results. De et al. [27] confirmed that
prognosis [15]. This research confirms that
IL-18 plays a promoting role in the pathological
inflammatory reactions and fibrosis are present
development of EH, mainly by participating in
in EH patients with LVH, which are independent
the activation of inflammasomes and cell
RFs for EH + LVH.
pyroptosis to induce EH lesions.
Inflammation is involved in the key responses
PCIII, LN and HA are typical serum fibrosis makduring EH-related myocardial remodeling [16].
ers and important components of the myocarIL-6 and IL-18 are highly expressed in M1 macdial extracellular matrix (ECM), while excessive
rophages as pro-ICs, while IL-10 is overexaccumulation of the ECM is the main manifespressed in M2 macrophages as an anti-IC [17].
tation of cardiac fibrosis [28, 29]. In this study,
The phenotypic conversion of macrophages not
PCIII, LN and HA were the highest in the LVH
only modulates the inflammatory micro-envigroup, followed in descending order by the EH
ronment but is closely related to left ventricular
group, and the HC group, with statistical signifiremodeling in EH [18]. IL-6 also acts as an indicance among the three groups. It suggests that
cator of systemic endothelial inflammation,
there was significant cardiac fibrosis in EH
which may promote the process of myocardial
patients compared with healthy controls, and
cell stiffness, hypertrophy and interstitial fibrothe cardiac fibrosis in EH patients complicated
sis by mediating the cross-linking between
by LVH was more prominent than that in EH
microvessels and cardiomyocyte compartpatients. Li et al. [30] proposed in their study
ments [19]. Meléndez et al. [20] pointed out
that the levels of PCIII, LN and HA in the rat liver
that IL-6 may accelerate the pathological detefibrosis model decreased significantly after
rioration of EH by promoting processes such as
receiving anti-fibrotic drug therapy, suggesting
myocardial fibrosis, concentric hypertrophy and
that the three indexes may be positively corrediastolic dysfunction in rats. IL-18 is also a prolated with the severity of fibrosis. Finally, we
hypertrophic IC, and the up-regulation of it and
conducted a multivariate analysis on factors
IL-6 is a typical hallmark of cardiac involvement
influencing LVH in EH patients, and identified
[21]. As to IL-10, it participates in the chronic
activation of the sympathetic nervous system,
that BMI, LVMI, IL-6, IL-10, IL-18, PCIII, LN and
thus regulating cardiac hypertrophy and fibroHA are independent RFs for EH complicated
sis [22]. In this study, IL-6 and IL-18 levels
with LVH. Kianu et al. [31] reported an obviousshowed a significant increasing trend in HC, EH,
ly positive connection between LVH in EH
and LVH groups, while IL-10 showed an obvious
patients and BMI, and the role of BMI as a key
Table 3. Multivariate analysis of factors influencing LVH
in EH patients
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influencing factor of left ventricular mass in EH
patients of African descent. Fu et al. [5] pointed
out that elevated LVMI independently affected
LVH in elderly EH patients, which is consistent
with our research results. Moreover, ÖZzbïçer
et al. [32] reported that IL-18 was independently related to LVMI in EH patients, suggesting
that it may be a potential therapeutic target for
EH patients with LVH.
Still, there are some limitations in this study
that require further consideration. First, the
sample size of this study was small, making it
difficult to conduct a more detailed subgroup
analysis. Second, this is a single-center retrospective study, which may result in potential
problems such as selection bias and confounding factors. Finally, the detailed pathological
mechanism of EH complicated with LVH needs
further study and disclosure by laboratory
experiments.
To sum up, EH patients complicated by LVH
show more significant serum inflammation and
fibrosis levels than EH patients, and BMI, LVMI,
IL-6, IL-10, IL-18, PCIII, LN and HA are significantly related to the risk of LVH in EH patients,
which provides a means for the prediction and
monitoring of LVH in patients with EH.
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