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Abstract: Left ventricular hypertrophy (LVH) may result in the development of heart failure, which
is widespread among people of advanced age. The pathophysiology of LVH is complex and its
biochemical pathways are not fully understood in this group. Elevated soluble urokinase-type
plasminogen activator receptor (suPAR), a biomarker of immune activation, including fibrosis,
reflects subclinical organ damage in systematic diseases. The present study assesses the clinical
role of suPAR measurement in determination of LVH-associated cardiac disorders in the elderly.
The studied population consisted of 238 individuals aged 76–91 years; of these, 139 (58%) were
diagnosed with LVH. Serum biomarkers measurement (suPAR, troponin T, NT-proBNP and CRP)
and echocardiography were performed in all subjects. The suPAR level was significantly higher in the
LVH group (4.01 vs. 3.82 ng/mL, p = 0.033) and correlated with the parameters of cardiac diastolic
function. Stepwise logistic regression found suPAR level (OR = 1.55, p = 0.016), BMI (OR = 1.17,
p = 0.0003) and hypertension (OR = 2.42, p = 0.046) to be independently associated with LVH in
women. In men, the strongest predictors of LVH were hypertension (OR = 7.52, p = 0.014) and
BMI (OR = 1.42, p = 0.032). The observations indicate suPAR as a promising marker reflecting LVH,
especially in women at advanced age, independent of age-associated cardiac remodeling.

Keywords: biomarker; soluble urokinase-type plasminogen activator receptor; suPAR; left ventricular
hypertrophy; cardiac remodeling; echocardiogram; aging

1. Introduction

The incidence of cardiovascular diseases (CVD) such as hypertension (HT), coronary
artery disease (CAD) or heart failure (HF) rises significantly with age, affecting the majority
of the elderly population. HT and CAD are the main causes of HF, which occurs in more
than 10% of the people of advanced age [1,2]

Chronically elevated blood pressure that leads to pathological left ventricular hyper-
trophy (LVH) results mainly in diastolic dysfunction of the heart muscle and development
of HF with preserved ejection fraction (HFpEF). On the other hand, myocardial ischemia is
the main cause of HF with reduced ejection fraction (HFrEF). Regardless of the primary
etiology of HF, fibrotic processes are indicated as the main cause underlying the cardiac
damage [3,4]. In the elderly, physiological organ changes overlap those induced by comor-
bidities. The typical age-related cardiac remodeling includes the increase of left ventricular
(LV) wall thickness as well as the decrease of LV dimensions and volumes, usually followed
by the deterioration of LV diastolic function [5–7]. The coexistence of HT can exacerbate
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the above changes, and the differentiation between pathological and physiological hyper-
trophy on advanced age is not obvious. Furthermore, various mechanisms may underlie
the unfavorable cardiac remodeling.

The measurement of biochemical biomarkers reflecting distinct pathways may help
in better understanding the clinical condition, as well as in prognosis. In this use, cardiac
troponins and B-type natriuretic peptide remain of high interest, reflecting structural and
functional abnormalities of the myocardium [8]. Nevertheless, the pathophysiology of LVH
is complex, its biochemical pathways remain not fully understood and the interpretation of
biomarkers’ pattern and its changes remain a challenge in the context of both diagnosis
and prediction.

Soluble urokinase-type plasminogen activator receptor (suPAR) is a protein described
as an independent prediction marker of the wide spectrum of conditions associated with
chronic inflammation and immune system activation. Its elevated level is observed in
individuals with chronic infections, and it also reflects subclinical organ damage in the
systemic diseases [9,10]. Its clinical usefulness in risk stratification was described in acute
care patients, in type 2 diabetes mellitus, chronic kidney disease and HF [11–15]. The
protein is released from the membrane of immunologically activated cells (i.e., mono-
cytes, macrophages, activated T-cells, fibroblasts, smooth muscle cells or endothelial cells,
megakaryocytes and certain tumour cells) and is involved in pathways such as cell prolifer-
ation, migration and adhesion, fibrosis, atherosclerosis and many other immunological-
related conditions [16,17]. In the general population, the suPAR level is higher in women
and its concentration increases with age. Though it is still unknown how suPAR participates
in the disease process, its association with CVD and ability to add to prognostic information
in current risk stratification strategies of the patients seem to be unquestionable [18,19].

We have attempted to assess the clinical role of suPAR determination in the context of
its usefulness in detecting disorders of cardiac structure and function in elderly patients.
The suPAR concentration was analyzed in reference to biomarkers directly related to the
cardiac structure and function—troponin T (TnT) and the N-terminal pro hormone of
B-type natriuretic peptide (NT-proBNP)—and against the background of inflammation
biomarker C-reactive protein (CRP) and echocardiographic images.

2. Materials and Methods
2.1. The Study Population

We recruited 320 community-dwelling consecutive individuals, patients of an outpa-
tient geriatric clinic, aged 76–91 years (median age 80 years). Next, we excluded 82 patients
who met the exclusion criteria based on knowledge of the independent factors that may
significantly influence suPAR level: clinical symptoms of infection, acute inflammation
(C-reactive protein >5 mg/L), end-stage renal disease (hemodialysis or stage >3a in GFR
category), autoimmune diseases, immunosuppressive treatment, active malignancy and
metastatic cancer. Additional exclusion criteria were atrial fibrillation or severe arrhyth-
mias, which may affect cardiac parameters in echocardiographic examination as well as the
patients’ functional or mental inability to participate in the study. The final studied group
consisted of 238 individuals.

2.2. Determination of the Laboratory Markers and Anthropometric Parameters

Laboratory tests were performed on serum samples taken after fasting. After cen-
trifugation, a part of the serum was aliquoted and frozen at −80 ◦C for up to 12 months
for determining the suPAR level. Within one hour after blood collection, the following
parameters were assessed with the use of standardized in vitro diagnostic assays: total
cholesterol (TC), high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein
cholesterol (LDL-C), triglycerides (TG), creatinine (CREA), C-reactive protein (CRP), all of
which were measured using the DXCAU700 analyzer, Beckman Coulter, Brea, CA, USA,
while troponin T (TnT) and N-terminal pro-B type natriuretic peptide (NT-proBNP) were de-
termined by electrochemiluminescence immunoassay with the Cobas e611 analyzer, Roche
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Diagnostics, Rotkreutz, Switzerland. For CRP and TnT, highly sensitive methods were
applied. Glomerular filtration rate (GFR) was calculated using the Berlin Initiative Study
formula [20]. For the suPAR analysis, the samples were thawed, thoroughly mixed and
centrifuged, and the concentration of the protein was assessed with the use of suPARnostic
ELISA assay, Virogates, Denmark, in all the samples at the same time.

Body mass index (BMI) was calculated from the anthropometric data collected with
the use of RADWAG personal weight scales (WPT60 150OW; Radwag Balances and Scales,
Radom, Poland).

2.3. Echocardiographic Assessment

Echocardiographic examination was performed on the day of the blood collection in
all the patients by the same experienced cardiologist according to the current guidelines,
with the use of the Vivid S70 ultrasound system (GE Medical Systems, Chicago, IL, USA,
2018) [21,22]. Three consecutive heart cycles were recorded for each view. The following
parameters of cardiac structure and function were measured: interventricular septal dias-
tolic dimension (IVSd), left ventricular diastolic and systolic dimensions (LVDd, LVSd) and
posterior wall diastolic dimension (PWd). Relative wall thickness (RWT) was calculated
in accordance with the formula: 2 × PWd divided by LVDd. Left ventricular mass was
calculated by the Devereux formula and indexed to the body surface area (LV mass index—
LVMI). LVH was diagnosed according to the criteria as LVMI > 95 g/m2 for women and
> 115 g/m2 for men [21]. Left atrial (LA) assessment included antero-posterior diameter
(LA diam.), LA area (LAA), and LA volume indexed by body surface area (left atrial volume
index, LAVI). Left ventricular ejection fraction (LVEF) was calculated using the modified
biplane Simpson’s method from the apical two- and four-chamber views. The peak early
(E) and atrial (A) diastolic velocities were recorded from transmitral flow, and E/A ratio
was calculated. Pulsed wave tissue Doppler imaging (TDI) was used to obtain the LV peak
systolic (S’), and early diastolic (E’) mitral annular myocardial velocities from the median
(septal) and lateral walls and the results were averaged. The average E/E’ ratio from septal
and lateral measurements were calculated. The parameters of systolic and diastolic LV
function were interpreted in accordance with the current recommendations [4,21,22].

2.4. Statistical Analysis

The Shapiro–Wilk test was used to assess the normality of distribution for the investi-
gated parameters. As they were found to differ significantly from normality, the results and
baseline characteristics are presented as medians with a 95% confidence interval (CI) and
interquartile ranges for continuous variables, and as percentages for categorical variables.

The analysis was performed following division into main subgroups: individuals
with and without LVH, and also sex-specific where necessary. Differences in the variables
between the groups were tested with the use of the Mann–Whitney U test, and Spearman’s
rank correlation analysis was performed to analyze correlations between tested parameters.
The occurrence of differences in categorical variables between the groups was assessed
using the chi-square test.

Multiple regression with all independent variables significant in bivariate relation-
ships was performed to assess which parameters independently determine the E/E’ ratio
and the presence of hypertrophy, adjusting for age and sex. After checking the model
that included all the laboratory biomarkers related directly and indirectly to the cardiac
structure and function, stepwise logistic regression was used to determine the best-fit
model determining LVH in the studied population—this model was created taking into
account also all the comorbidities considered in the study. The best-fit model was addi-
tionally assessed in sex-specific groups separately. Where necessary, variables were log
transformed for the needs of multivariate analyses. The statistical analysis was performed
using MedCalc Statistical Software version 17.5.5 (MedCalc Software bvba, Ostend, Bel-
gium; https://www.medcalc.org (accessed on 10 March 2023). A significance level of
α = 0.05 was used in all the tests.

https://www.medcalc.org
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3. Results

The baseline characteristics of the studied population are presented in Table 1. The
results are also given for the main subgroups, viz. with and without LVH (LVH and non-
LVH, respectively). Because the subgroups appeared not to be homogenous in terms of
sex abundance (a lower proportion of men were in the non-LVH group, 11.8 vs. 39.9%,
p < 0.0001), and because part of the laboratory biomarkers assessed in the study are sex-
related, additional characteristics considering sex are presented. The typical differences
described elsewhere were also evident in the studied population: women appeared to have
higher TC: 5.10 (CI: 4.89–5.35) vs. 4.84 (CI: 4.30–4.98) mmol/L, p = 0.0008; HDL-C: 1.63
(CI: 1.58–1.68) vs. 1.37 (CI: 1.32–1.43) mmol/L, p < 0.0001; and suPAR: 4.02 (CI: 3.82–4.26)
vs. 3.81 (CI: 3.48–3.90) ng/mL, p = 0.015; and lower TnT: 9.8 (CI: 8.95–10.73) vs. 14.2 (CI:
12.30–15.25) ng/L, p < 0.001 than the men. A higher percentage of men had a diagnosis of
CAD (27.5 vs. 15%, p = 0.0266) and appeared to take statins (63 vs. 47%, p = 0.0315). At the
same time, higher TC (5.20 vs. 4.86 mmol/L, p = 0.026) and HDL-C (1.63 vs. 1.50 mmol/L,
p < 0.001) was visible in the non-LVH subgroup of patients, while the suPAR level appeared
to be significantly higher in the LVH subgroup (4.01 vs. 3.82 ng/mL, p = 0.033). The patients
with LVH were more likely to demonstrate HT (89 vs. 68%, p < 0.001), diabetes (14.7 vs.
3.1%, p = 0.0035) and a significantly higher glucose level (5.79 vs. 5.45 mmol/L, p = 0.0103).
Patients with LVH turned out to have higher BMI in relation to the non-LVH subgroup
(27.9 vs. 25.1 kg/m2, p < 0.001).

Table 1. The baseline characteristics of the studied population divided by sex and into subgroups
with and without left ventricular hypertrophy.

Variable All n = 238 Men n = 66 Women n = 172 p LVH, n = 139 Non-LVH, n = 99 p
Sex (male) n (%) 66 (27.7) - - - 55 (39.9) 11 (11.8) <0.001

Age [years] 80
(78–83)

80
(78–83)

80
(78–84) ns. 80

(78–84)
80

(78–83) ns.

BMI [kg/m2] 26.7
(24.3–29.8)

26.7
(25.0–29.1)

26.6
(24.0–30.3) ns. 27.9

(25.6–30.5)
25.1

(23.2–28.7) <0.001

TC [mmol/L] 4.94
(4.42–6.05)

4.83
(3.96–5.41)

5.09
(4.55–3.70) <0.001 4.86

(4.29–5.74)
5.20

(4.55–6.21) 0.026

HDL-C [mmol/L] 1.55
(1.37–1.78)

1.37
(1.16–1.55)

1.63
(1.45–1.86) <0.001 1.50

(1.32–1.73)
1.63

(1.47–1.89) <0.001

LDL-C [mmol/L] 2.82
(2.22–3.65)

2.74
(1.94–3.57)

2.87
(2.35–3.80) ns. 2.72

(2.17–3.47)
3.00

(2.41–3.85) ns.

TG [mmol/L] 1.23
(0.98–1.59)

1.20
(0.97–1.57)

1.26
(0.99–1.66) ns. 1.25

(0.99–1.51)
1.21

(0.96–1.57) ns.

Glucose [mmol/L] 5.67
(5.22–6.40)

5.79
(5.39–6.46)

5.62
(5.22–6.35) ns. 5.79

(5.39–6.57)
5.45

(5.11–6.29) 0.010

hsCRP [mg/L] 1.44
(0.89–2.86)

1.16
(0.69–2.65)

1.68
(0.98–2.88) ns. 1.46

(0.89–3.27)
1.39

(0.90–2.64) ns.

NT-proBNP
[pg/mL]

170
(111–329)

161
(113–267)

182
(110–350) ns. 171

(110–376)
170

(116–297) ns.

hsTnT [ng/L] 10.8
(7.8–14.9)

14.2
(10.1–18.8)

9.8
(7.2–13.3) <0.001 11.7

(7.9–15.6)
9.8

(7.7–13.5) ns.

suPAR [ng/mL] 3.90
(3.39–4.63)

3.81
(3.29–4.17)

4.02
(3.48–4.73) 0.014 4.01

(3.48–4.71)
3.82

(3.22–4.44) 0.033

eGFR BIS
[mL/min/1.72 m2]

56
(51–64)

59
(52–66)

56
(50–63) ns. 57

(51–64)
56

(51–63) ns.

Hypertension, n
(%) 192 (80.6) 56 (84.1) 136 (79.3) ns. 124 (89.0) 68 (68.6) <0.001

Diabetes, n (%) 24 (9.9) 11 (16.9) 13 (7.8) ns. 21 (15.1) 3 (3.1) 0.003
CAD, n (%) 44 (18.5) 18 (27.5) 26 (15.0) 0.026 28 (20.0) 16 (15.7) ns.

Diuretics, n (%) 87 (36.7) 22 (33.8) 65 (37.9) ns. 51 (36.8) 36 (36.6) ns.
Statins, n (%) 123 (51.6) 42 (63.1) 84 (47.4) 0.0315 79 (56.7) 44 (44.4) ns.

Abbreviations: LVH, left ventricular hypertrophy; BMI, body mass index; TC, total cholesterol; HDL-C, high-
density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; TG, triglycerides; hsCRP, (highly
sensitive) C-reactive protein; NT-proBNP, N-terminal pro-B type natriuretic peptide; hsTnT, (highly sensitive)
troponin T; suPAR, soluble urokinase-type plasminogen activator receptor; eGFR BIS, estimated glomerular
filtration rate (Berlin Initiative Study); CAD, coronary artery disease; ns, not significant. The continuous variables
are presented as medians with interquartile ranges, and categorical variables are presented as numbers and
percentages.
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Table 2 presents the echocardiographic parameters of the studied population. The
group with LVH was characterized by higher LV walls’ thickness and LV volumes, higher
RWT and LVMI, and all the parameters describing LA. Moreover, significant differences
between the groups were observed regarding E’ (lower values in the LVH group) and E/E’
ratio (higher values in the LVH group)

Table 2. The echocardiographic characteristic of the studied population divided into subgroups with
and without left ventricular hypertrophy.

Variable All n = 238 LVH, n = 139 Non-LVH, n = 99 p
IVSd [cm] 1.1 (1.0–1.2) 1.1 (0.9–1.2) 1.0 (0.8–1.1) <0.001

LVDd [cm] 4.6 (4.4–4.9) 4.7 (4.5–5.0) 4.5 (4.3–4.8) <0.001
LVSd [cm] 2.7 (2.5–3.0) 2.8 (2.5–3.0) 2.6 (2.3–2.29) <0.001
PWd [cm] 1.0 (0.9–1.1) 1.0 (1.0–1.0) 0.9 (0.8–1.0) <0.001

RWT 0.44 (0.42–0.48) 0.46 (0.43–0.49) 0.42 (0.40–0.44) <0.001
LA diam. [cm] 3.7 (3.4–4.0) 3.9 (3.5–4.1) 3.5 (3.2–3.7) <0.001

LAA [cm2] 17.0 (15.0–19.5) 17.5 (15.0–20.4) 15.0 (13.0–17.0) <0.001
LAVI [mL/m2] 27.0 (22.2–32.4) 29.2 (23.4–91.8) 24.7(20.5–30.2) 0.001

LVMI [g/m2] 110 (99–128) 121 (109–135) 99 (89–108) <0.001
EF [%] 60 (58–62) 60 (58–62) 60 (58–63) ns.

S’ [m/s] 0.08 (0.09–0.09) 0.08 (0.08–0.09) 0.08 (0.08–0.09) ns.
E/A 0.70 (0.58–0.81) 0.68 (0.57–0.79) 0.72 (0.6–0.82) ns.

E’ [m/s] 0.07 (0.06–0.08) 0.07 (0.06–0.08) 0.07 (0.06–0.09) 0.003
E/E’ 8.57 (7.28–10.1) 8.9 (7.8–10.4) 8.1 (6.9–9.6) 0.003

Abbreviations: IVSd, interventricular septal diastolic dimension; LVDd, left ventricular diastolic dimension;
LVSd, left ventricular systolic dimension, PWd, posterior wall diastolic dimension; RWT, relative wall thickness;
LA diam., left atrial anteroposterior diameter; LAA, left atrial area; LAVI, left atrial volume index; LVMI, left
ventricular mass index; LVEF, left ventricular ejection fraction; S’, average systolic mitral annular velocity; E/A,
ratio of early to late mitral inflow velocities; E’, average early diastolic mitral annular velocity; E/E’, an average
ratio of early mitral diastolic inflow velocity to early diastolic mitral annular velocity; LVH, left ventricular
hypertrophy; ns., not significant. The variables are presented as medians with interquartile ranges.

Taking into account the observed differences, the relationships between the described
echocardiographic parameters and the biomarkers included in the study were evaluated
(Table 3) with a further analysis based on the sex of the individuals. The suPAR level was
significantly positively correlated with age (rS = 0.211, p < 0.05), E (rS = 0.151, p < 0.05) and
E/E’ (rS = 0.249, p < 0.05), and negatively with E’ (rS = −0.160, p < 0.05) in the studied
population. The observed correlations were most clearly expressed in the population of
women. For the biomarkers associated with LV structure and function, viz. TnT and NT-
proBNP, typical and consistent dependences were observed as described in the literature.
For CRP, only the positive correlation with BMI (rS = 0.137, p < 0.05) was found to be
statistically relevant in the studied population.

The suPAR level was also related to measured biomarkers of cardiac pressure overload,
cardiomyocyte damage and inflammation. Positive statistically significant correlation was
found between the suPAR and NT-proBNP levels (rS = 0.200, p < 0.05) (Figure 1). Analogous
correlations were also observed between the suPAR and TnT level (rS = 0.136, p < 0.05), as
well as the CRP level (rS = 0.245, p < 0.05).

In multiple regression analysis, the suPAR level significantly determined E/E’ (ß = 0.73,
p = 0.0001), together with the prevalence of hypertension (ß = 1.01, p = 0.0154); R2 = 0.12,
while diabetes, CAD, age and sex did not enter the model. Protein level determined the
occurrence of LVH independently of the other laboratory biomarkers (ß = 0.12, p = 0.0008),
also after adjusting for sex (ß = 0.39, p = < 0.0001) and age (not entered into the model)
(R2 = 0.14). The stepwise logistic regression (checked with the use of forward and backward
method) found that higher suPAR level (OR = 1.58, 95%CI: 1.12–2.22, p = 0.009), higher
BMI (OR = 1.18, 95%CI: 1.09–1.29, p < 0.001), prevalence of hypertension (OR = 3.00, 95%CI:
1.37–6.59, p = 0.006) and male sex (OR = 6.69, 95%CI: 3.05–14.68, p < 0.000) were associated
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with the occurrence of LVH, with R2 = 0.34 and overall fit of the model: p < 0.0001. As sex
appeared to contribute in the relation with LVH the most, an independent analysis was
performed in the sex-related subgroups; suPAR appeared to fit the model only in the group
of women. The detailed characteristics of the logistic regression analysis are presented in
Table 4.

Table 3. Spearman’s correlations of serum biomarkers with echocardiographic parameters in the
studied population, also divided into subgroups by sex.

suPAR [ng/mL] hsTnT [ng/L] NT-proBNP [pg/mL] hsCRP [mg/L]
Variable All Men Women All Men Women All Men Women All Men Women

Age
[years] 0.212 * 0.087 0.268 * 0.335 * 0.301 0.371 0.273 * 0.248 * 0.283 * −0.006 0.034 −0.015

BMI
[kg/m2] 0.088 −0.052 0.138 0.034 −0.039 0.055 −0.158 * −0.110 −0170 * 0.137 * 0.210 0.125

IVSd [cm] 0.066 0.147 0.137 0.200 * 0.234 0.033 0.033 0.183 0.009 0.063 0.029 0.173 *
LVDd

[cm] −0.009 −0.023 0.096 0.154 * 0.204 0.006 0.026 0.167 0.074 −0.023 0.104 0.031

LVSd
[cm] 0.078 −0.033 0.216 * 0.213 * 0.120 0.135 0.156 * 0.186 0.225 * 0.018 0.084 0.078

PWd [cm] 0.058 0.040 0.169 * 0.231 * 0.214 0.101 0.067 0.191 0.063 0.022 −0.035 0.119
RWT 0.052 0.117 0.042 0.060 0.113 0.047 −0.016 0.078 −0.043 0.046 −0.105 0.111

LA diam
[cm] 0.077 0.186 0.135 0.296 * 0.314 * 0.176 * 0.186 * 0.251 * 0.227 * 0.004 0.130 0.047

LAA
[cm2] 0.061 0.110 0.130 0.364 * 0.400 * 0.279 * 0.250 * 0.292 * 0.290 * −0.047 0.107 −0.031

LAVI
[mL/m2] 0.040 0.014 0.099 0.331 * 0.330 * 0.293 * 0.321 * 0.370 * 0.337 * −0.043 0.036 −0.048

LVMI
[g/m2] 0.021 −0.016 0.134 0.132 * 0.153 0.011 0.071 0.205 0.084 −0.014 −0.055 0.078

EF [%] 0.021 0.126 −0.029 −0.169 * −0.272 * −0.159 * −0.219 * −0.362 * −0.168 * −0.018 −0.084 −0.018
S’ [m/s] −0.010 −0.025 0.020 0.082 −0.205 0.133 −0.184 * −0.321 * −0.118 −0.015 −0.134 0.040

E/A 0.106 0.124 0.098 0.045 0.073 0.081 0.350 * 0.244 * 0.377 * 0.052 0.071 0.041
E’ [m/s] −0.160 * 0.034 −0.217 * −0.004 −0.003 −0.011 0.031 −0.034 0.060 −0.021 0.089 −0.073

E/E’ 0.249 * −0.032 0.342 * 0.085 0.025 0.186 * 0.186 * 0.186 0.174 * 0.083 0.016 0.107

* p < 0.05. Abbreviations: suPAR, soluble urokinase-type plasminogen activator receptor; BMI, body mass index;
hsTnT (highly sensitive) troponin T; NT-proBNP, N-terminal pro-B type natriuretic peptide; hsCRP, (highly
sensitive) C-reactive protein; IVSd, interventricular septal diastolic dimension; LVDd, left ventricular diastolic
dimension; LVSd, left ventricular systolic dimension, PWd, posterior wall diastolic dimension; RWT, relative wall
thickness; LA diam, left atrial anteroposterior diameter; LAA, left atrial area; LAVI, left atrial volume index; LVMI,
left ventricular mass index; LVEF, left ventricular ejection fraction; S’, average systolic mitral annular velocity;
E/A, ratio of early to late mitral inflow velocities; E’, average early diastolic mitral annular velocity; E/E’, an
average ratio of early mitral diastolic inflow velocity to early diastolic mitral annular velocity; LV, left ventricle.
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Table 4. Statistical characteristics of the stepwise logistic regression analysis of the best-fit general
model for determining the occurrence of LVH in the studied population and sex-related subgroups.

Variables All Patients
OR (95%CI), n = 238

Women
OR (95%CI), n = 172

Men
OR (95%CI) n = 66

Male sex 6.69 (3.05–14.68) *** - -
suPAR 1.57 (1.12–2.22) ** 1.55 (1.08–2.23) * not fit into the model

BMI 1.19 (1.09–1.29) *** 1.17 (1.07–1.27) *** 1.42 (1.03–1.96) *
Hypertension 3.00 (1.37–6.59) ** 2.42 (1.02–5.79) * 7.52 (1.50–37.50) *

Overall fit of the
model; p <0.0001 <0.0001 0.0009

* p < 0,05; ** p < 0.01; *** p < 0.001. Abbreviations: suPAR, soluble urokinase-type plasminogen activator receptor;
BMI, body mass index.

4. Discussion
4.1. Clinical Characteristics of the Group

The study population consisted of community-dwelling individuals of advanced age,
i.e., in the range of 77 to 91 years, of which 72% were female. In the baseline characteristics,
the differences between men and women were found in the following areas: TC and HDL-C,
statins intake, hsTnT and suPAR levels and comorbidities, which remains consistent with
the literature [23–25]. The presence of LVH is considered as an indicator of subclinical
cardiac damage and a prognostic factor in the general population [26,27]. Our results
showed the prevalence of LVH in the study population at about 58%, with a frequency
of HT of 80%. Previous studies showed that varying prevalence of LVH in different
groups of patients depends on many factors, such as age, sex, obesity, HT and other
comorbidities [28–31]. In terms of the clinical features, the LVH group was characterized
by significantly higher BMI, fasting glucose and suPAR levels, and also lower HDL-C.
This group included the majority of men and more individuals with diabetes and HT in
comparison to the non-LVH group. Some of these factors are known to be related with LVH
in the way observed in our study, such as sex, BMI, HT or metabolic disorders including
diabetes [3,28–32]. An interesting new observation is the presence of a significant difference
between the groups in terms of the suPAR level.

When comparing echocardiographic parameters in both the groups, in addition to
those defining hypertrophy itself, higher values of LA diameter, area and volume were
observed in the LVH group. The enlargement of LA is one of the indicators of LV diastolic
dysfunction, associated also with increased cardiovascular risk [22,33]. The subjects with
LVH were also characterized by lower E’ and higher E/E’. The observed changes in LA,
as well as those in E’ and E/E’, indicate worse LV diastolic function in this group in
comparison to individuals without LVH. This observation confirms the unfavorable and
age-independent direction of development of myocardial disorders on the basis of LVH, as
confirmed in the literature mechanism in HF, especially in HFpEF [4].

4.2. TnT, NT-proBNP and CRP in Association with Cardiac Parameters

The use of natriuretic peptides as well as troponins is well established in cardiol-
ogy, both in the diagnostic and prognostic context [4,34,35]. Their relationships with the
parameters of cardiac structure and function observed in our study confirm those from
the literature [8,36–38]. It is worth noticing that they also showed up in individuals of
advanced age with echocardiographic parameters remaining, for the most part, still within
the normal range.

Although there was no difference regarding the TnT levels between groups with and
without LVH, a significant positive correlation with the parameters describing the size of
LA and negative correlation with EF was observed in both the sexes. Additionally, there
was a relationship with E/E’, but in women only. When analyzing the whole studied
population, significant correlations with LV wall thickness, LV volumes and LVMI were
noticed. According to the literature, troponins are released secondarily as a result of
myocardium damage, both in terms of its systolic and diastolic disorders [4,34,35]. Absolute
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greater heart muscle mass may also contribute to higher serum troponins concentration;
therefore, their higher levels may appear in men [8,39,40].

NT-proBNP reflects the volume and/or pressure overload of the myocardium. In
our study, the peptide’s levels did not significantly differ between the LVH and non-
LVH groups. However, depending on the populations studied, it may also be elevated
in individuals with LVH [8,36,40]. Confirmed in the literature is a negative correlation
with EF and positive with LA measurements, as observed also in our study in both the
sexes [8,36,40–42]. In addition, a relationship between NT-proBNP and E/E’ or LVSd was
clearly marked in our population only in women. Regarding the other parameters, there
also was an association between NT-proBNP levels and E/A, but its direction may suggest
the impact of E/A pseudo-normalization on the results obtained.

Similar to the above biomarkers, no differences were observed between the LVH and
non-LVH groups in terms of CRP levels. Of the analyzed echocardiographic parameters,
one significant correlation with IVSd was observed in women only. This may confirm
the prognostic role of CRP emphasized in the literature, but not a direct and clinically
significant relationship with echocardiographic parameters [42–45].

4.3. suPAR and Cardiac Parameters of the Elderly with and without LVH

The soluble urokinase-type plasminogen activator receptor is a novel biomarker,
which has recently been widely studied in the area of cardiovascular diseases, mainly
in the diagnostic and prognostic context. It reflects new pathological pathways, includ-
ing immune activation, chronic inflammation and fibrosis, which may underlie cardiac
damage [9,15,17,18].The important role of suPAR as prognostic marker of adverse events
and disease severity in patients with CAD, HF, arrythmias or metabolic disorders at high
cardiovascular risk has been confirmed [44–48].

There is a lack of studies in the literature on the potential use of suPAR level measure-
ment in the determination of LVH, especially in the elderly, among which hypertrophy may
have both physiological and pathological causes. In our study, conducted in individuals of
advanced age, higher serum suPAR in the LVH group in comparison to the non-LVH group
was observed, along with the absence of such differences for other biomarkers. Of the
parameters of cardiac structure, suPAR correlated positively with LVSd and PWd, but not
directly with LVMI. In addition, these significant relationships were shown in women only.
To compare, in the study of Fujita et al., among 242 patients admitted to the cardiology
department, with a mean age 71.3 ± 9.8 years (29% women), a weak correlation between
suPAR level and LVMI was demonstrated (rS = 0.16, p = 0.014), but ultimately the authors
concluded that there was no relationship between cardiac hypertrophy and suPAR in this
group [49]. In another study by these authors, regarding only individuals with preserved
EF (≥50%), the observed correlation between suPAR and LVMI was analogous (rS = 0.14,
p = 0.015) but insignificant when the population was divided according to GFR [50]. Our
further analysis showed that suPAR level, BMI and the presence of HT were the factors
independently associated with LVH in women. In men, the strongest predictors of LVH
were HT (OR = 7.52, p = 0.014) and BMI (OR = 1.42, p = 0.032).

The differences in the epidemiology of CVD according to sex are well-documented,
especially in the context of CAD and also HF, where more than 50% of patients with HFpEF
are women [1,2,4,5,7]. Moreover, LVH is more frequent in hypertensive women than in
men, independently of blood pressure control or antihypertensive treatment [51]. The
mechanisms underlying the sex-related cardiac disorders are not fully understood, and
suPAR may be promising marker in that context. An additional interesting observation
in our research is the positive relationship between suPAR and the thickness of the LV
posterior wall in women, which requires additional studies to be clarified. However, it is
worth noting that typical, physiological, age-related cardiac remodeling concerns, to the
greatest extent, the interventricular septum, known as “sigmoid septum” in the elderly [52].

Epidemiologically, the incidence of diastolic dysfunction is actually more common
than systolic, with its particularly frequent prevalence in the elderly [1,2,4]. With regard
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to the parameters describing diastolic function of LV, our results showed a significant
association of higher suPAR levels with worser values of E’ and E/E’, also observed only
in women. The strongest relationship was found with E/E’. There are few studies available
in the literature on this topic. In the first research conducted among patients with type 1
diabetes with no history of cardiac diseases, higher suPAR levels were associated with A’
and E’/A’, whose values indicated an early stage of diastolic function impairment [53].

Fujisaka et al. found that individuals with the presence of diastolic dysfunction have
higher suPAR concentration, with a correlation coefficient with E/E’ for the whole pop-
ulation (rS= 0.29 (p < 0.001)), and a lack of relationship with E/A [50]. In conclusion, the
authors indicated that suPAR levels were associated with diastolic dysfunction indepen-
dently on age, sex, systolic blood pressure, renal function, CRP and diuretic treatment.
Another interesting study concerned patients with lung cancer who underwent a detailed
echocardiographic examination to assess early cardiac dysfunction with regard to suPAR
measurements in its identification [54]. It has been shown that suPAR levels correlated
significantly with E/E’, but not with E/A, which confirms our results. An additional obser-
vation was the lack of relationship between suPAR level and LVEF, as in our own and other
authors’ studies, where patients with generally preserved LVEF were analyzed [50,53,54].
A significant but weak negative correlation was found earlier in the population, which also
included patients with reduced LVEF [49]. In the already cited studies, an association was
also found in relation to the LV systolic function in individuals with normal LVEF with S’
and global longitudinal strain (GLS) parameters [53,54].

To summarize, the results of our own and previously published observations indicate
suPAR as a promising marker of early-stage cardiac damage, corresponding to subclinical
organ changes. The mechanisms that the marker reflects may be related to chronic immune
and inflammatory activation, fibrosis, vascular sclerosis and microcirculation disorders,
thus indicating the complexity of the pathways underlying cardiac dysfunction [47,55].

5. Study Strength and Limitations

A key strength of our study is that it is based on a population of an advanced age,
with echocardiographic parameters of cardiac function remaining, generally, in the normal
ranges, or only slightly exceeding them. Thus, it was possible to observe the relationships
that are mostly not found in the individuals with significant cardiac damage. One limitation
of our study is its cross-sectional character. Additionally, echocardiographic examination
did not include assessment of global longitudinal strain (GLS)—a more sensitive indicator
of myocardial function. Moreover, the studied population was not balanced with regard to
sex; however, this proportion reflects the demographic situation in the elderly population
in Poland, where the study was performed.

6. Conclusions

Despite the progress in management of CVD, HF is still a huge epidemiological, social
and economic problem. The increasing prevalence of HFpEF, which is related mainly to
cardiac hypertrophy and diastolic dysfunction, is a predominant problem, especially in
women and the elderly. Our study, conducted among individuals of an advanced age,
concerned the role of the biomarker of chronic inflammation and fibrosis, suPAR, in the
context of LVH and concomitant cardiac dysfunction. Correlations and stepwise logistic
regression analysis showed that suPAR level is an independent predictor of LVH, especially
in women, and additionally that it is associated with worse LV diastolic function. These
relationships were not observed in relation to the male sex. Our results indicate the potential
mechanisms underlying cardiac damage in women of an advanced age, independent of
aging-associated cardiac remodeling. Further studies are needed to explain the longitudinal
changes in suPAR levels in association with LV remodeling.
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