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Abstract

Aim: Angiopoetin-1 and Pentraxin-3 are new generation biomarkers in the inflammation
pathway that have been studied in CKD and other inflammatory diseases. This study
aims to investigate the relationship of Pentraxin-3 and Angiopoetin-1 in the inflammation
pathway in chronic kidney disease (CKD).

Materials and Methods: Our study was planned single-center, prospective, cross-
sectional study. This study includes 25 healthy volunteers, 29 predialysis cases, 34 cases
in routine hemodialysis program.Blood was drawn after 12 hours of fasting. In addition
to routine biochemical tests, Pentraxin-3 Angiopoetin-1, 1,25 hydroxy Vitamin D levels
were measured. Age and gender parameters, BUN, creatinine, e-GFR values of the cases
were recorded.

Results: Pentraxin-3 levels were not statistically significant for all three groups (p =
0.993). For angiopoietin-1 levels, statistical significance was found between all three groups
(p < 0.001). While 25 hydroxy Vit D levels were not statistically significant between all
three groups (p = 0.329), by comparison with 1.25 dihydroxy Vit D levels, a statistically
significant difference was found for all three groups (p < 0.001). There was a positive
low-level relationship (r = 0.023) between creatine and Pentraxin-3, and this relationship
was not statistically significant (p = 0.832). There is a moderate positive correlation (r =
0.593) between creatine and Angiopoietin-1 and this relation is statistically significant (p
< 0.001). A simple regression model was established for creatine and angiopoietin-1.

Conclusion: Since Pentraxin-3 is accepted as an acute phase reactant in the literature,
no significant relationship was found between all groups in our study either. Angiopoietin-
1 levels were found to be increased in CKD cases and we found statistically significant
results. Angiopoetin-1 can be considered as a useful biomarker for the follow-up and
treatment of CKD.

@@@@ Copyright © 2022 The author(s) - Available online at www.annalsmedres.org. This is an Open Access article distributed under
AT the terms of Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.

Introduction

less than 2 < ng/ml in human plasma [4]. Pentraxin-3 is
an acute phase reactant similar to C-Reactive Protein in

Chronic kidney disease (CKD) is seen as an important
public health problem in Turkey and all over the world.
The progressive course of the disease leads to the develop-
ment of the need for renal replacement therapy over time.
In addition to causing loss of workforce, this situation also
leads to a significant increase in health expenditures. Con-
sidering all these reasons, it is important to slow down the
progression of CKD [1]. Pentraxin-3 can be considered
an acute phase protein. Pentraxin-3 is the most impor-
tant member of the long pentraxin family, first discov-
ered [2, 3]. Under normal conditions, serum levels are low,
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structure and function [5]. In recent studies, Pentraxin-3
level has been associated with increased mortality in pa-
tients with vascular diseases [6). Pentraxin-3 is synthe-
sized in mononuclear phagocytic cells, endothelial cells,
myeloid dendritic cells, fibroblasts, smooth muscle cells,
and synovial cells. Pentraxin-3 has an important role in
regulating the innate immune response. It contributes to
the opsonization and clearance of apoptotic and necrotic
cells [7].

Angiopoietins are the main regulators of angiogenesis. An-
giopoietins take different roles in various steps of patholog-
ical and physiological angiogenesis. Apart from angiogen-
esis, they also have roles in inflammation. Although there
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are 4 isoforms, the best known ones are Angiopoietin-1 and
Angiopoietin-2. Angiopoetin-2 triggers inflammation, me-
diates vascular regression, increased permeability, and an-
giogenesis. Angiopoietin-1 shows anti-inflammatory prop-
erties, reduces endothelial cell permeability, increases vas-
cular stability through healing in pericytes, and stimulates
the growth of muscle cells in smooth muscles [8].

This study aims to investigate the relationship of
Pentraxin-3 and Angiopoetin-1 in the inflammation path-
way in chronic kidney disease (CKD).

Materials and Methods

Ethical approval was obtained from Ordu University Clin-
ical Research Ethics Committee for our study (Date:
18.02.2021, Decision No: 2021/37). In this study, 29
patients in the predialysis stage, who were diagnosed
with CKD, not yet undergoing dialysis, and applied to
the nephrology outpatient clinic of our hospital between
01.03.2021 and 31.08.2021 were included in addition to 34
patients who were in the routine hemodialysis program in
the hemodialysis unit of our hospital. Finally, 25 healthy
volunteers were included in the study among the healthy
volunteers who applied to the nephrology outpatient clinic
and did not have any abnormality in the examination and
physical examination findings. A total of 88 cases were
included in our study. At all stages of our study, the Dec-
laration of Helsinki was adhered to. An informed consent
form was signed by all subjects who agreed to participate
in the study. In the cases included in our study, CKD
stages and the amount of albuminuria were defined ac-
cording to the KDIGO (Kidney Disease Improving Global
Outcomes 2012) guideline [9). In CKD staging, G1 is ac-
cepted as GFR. (ml/min/1,73m?) > 90 (normal or high),
G2; 60-89 (ml/min/1.73m?), G3a; 45-5(ml/min/1.73m?),
G3b; 30-44(ml/min/1.73m?), G4; 15-29 (ml/min/1.73m?),
and G5 is accepted as < 15(ml/min/1.73m?, Kidney fail-
ure). Again, the proteinuria level was classified as Al al-
bumin/creatinine ratio < 30 mg/g, A2, 30-300 mg/g, A3,
> 300 mg/g, as stated in the KDIGO guide [7].

Our study was planned as a single-center, prospective,
cross-sectional study. Our study did not include patients
diagnosed with malignancy, patients under the age of 18
and over the age of 90, patients with acute renal failure,
patients who underwent renal transplantation, immuno-
suppressed patients, patients who received corticosteroid
therapy in the last 3 months or still receiving corticos-
teroid therapy, patients with active infection at the time
of admission, patients with chronic inflammatory disease,
patients taking immunomodulatory drugs (such as inter-
leukin antagonists), and patients who did not accept the
study.

Blood samples were taken from each case after 12 hours
of oral intake restriction. Gender and age values of the
cases were recorded. Routine biochemical tests are re-
quested from patients who apply to our nephrology out-
patient clinic. Routine examinations of biochemical lev-
els; hemogram, glucose, BUN, creatinine, e-GFR values,
potassium, calcium, phosphorus, magnesium, uric acid, al-
bumin, C-reactive protein (CRP), spot urine albumin/cre-
atinine (UACR), HbAlc , ferritin, Parathormone (PTH)
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Table 1. Gender comparison by groups

Gender Test p
Female Male Statistics’
Group
Healthy Volunteers 19 (76.0)* 6 (24.0)b 12.464 0.002
Predialysis Patients 9 (31.0)? 20 (69.0) °
Dialysis Patients 13(38.2%  21(61.8)°

1: Chi-square Test Statistic, a-b: There is no difference between
groups with the same letter for each line.

levels were examined in the clinical biochemistry labora-
tory of Ordu University Training and Research Hospital.
The opened laboratory results were recorded separately for
each event by looking at the information operating system
of our hospital. In addition, 25 hydroxy vitamin D (25
OH Vit D) and 1,25 dihydroxy vitamin D (1, 25 OH Vit
D), Pentraxin-3, Angiopoetin-1 levels were also measured
in the same laboratory.

For serum Pentraxin-3 and Angiopoetin-1 levels, 2 ml ve-
nous blood samples were taken from the patients in a gel
biochemistry tube, after centrifugation at 4000 rpm for
10 minutes, their serums were separated into a separate
ependorf and kept at -80 C until the study was conducted.
Pentraxin-3 and Angiopoetin-1 levels were measured via
ELISA method.

Statistical Analysis

Data were analysed with IBM SPSS V23. Conformity
to normal distribution was examined by Kolmogorov-
Smirnov. ANOVA analysis was used to compare normally
distributed groups. The Kruskal Wallis test was used in
the analysis of groups that did not show normal distribu-
tion. The relationship between the variables was examined
by Spearman correlation analysis. Mean 4 standard de-
viation and median (minimum — maximum) values for all
variables were given in descriptive statistics tables. Chi-
square test was used to compare categorical data and cat-
egorical data were presented as frequency (percentage).
The frequency distributions of the data are given in the
frequency table. Significance level was taken as p < 0.050.
Graphs showing mean and standard deviation values by
groups for Pentraxin, angiopoietin, 25 hydroxy Vit D and
1,25 dihydroxy Vit D are presented. Correlation table was
given for the relationship between the data and regression
analysis was given for the size of the relationship between
the data.

Results

Our study included 41 female (46.59%) and 47 male
(53.41%) cases. Groups depend on gender (p=0.002).
While the proportion of females in healthy volunteers was
76%, the male ratio was 24%. While the male ratio in
predialysis patients was 69%, the female ratio was 31%.
While the male ratio in dialysis patients was 61.8%, the
female ratio was 38.2%. Groups and gender relations are
presented in Table 1.

Descriptive statistical values of the analyzed variables are
presented in Table 2.
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Table 2. Descriptive statistical values

Mean + Median (Min-Max)
Standard
Deviation.
Age (years) 59.56 + 13.71 59 (20 - 88)
BUN( mg/dI) 36.36 £ 2158 37.6 (4.3 - 89.9)
Creatinine ( mg/dl) 3.57 £2.88 2.31(0.42-11.12)
Pentraxin-3(ng/ml) 58.54 + 87.66 42.3(9.15 - 604.71)
Angiopoetin-1(pg/ml) 0.77 £ 0.41 0.75 (0.1 - 2.55)
25hydroxy Vitamin D( 14.68 + 7.74 14 (3.82-51.4)
ng/ml)
1.25 dihydroxy Vit 326213 30.6 (5 - 108.1)
D(ng/ml)
MPV (FL) 10.34 £ 0.98 10.2 (8.5 - 13.4)
Albumin (gr/dl) 4.2 +0.47 4.2 (2.4-5.1)
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Figure 1. 1.25 dihydroxy Vit D values by groups

No significant difference was found between the MPV val-
ues of the groups (p=0.693). A significant difference was
found between the albumin values of the groups according
to the Kruskal-Wallis test statistic (p < 0.001). The me-
dian albumin score of healthy volunteers was 4.5, different
from the other two groups. The median albumin score of
predialysis patients is 4.3, which is different from the other
two groups. The median albumin score of dialysis patients
is 3.93, which is different from the other two groups. There
was no significant difference between the 25 hydroxy vita-
min D values of the groups (p=0.329). According to the
Kruskal-Wallis test statistic, no significant difference was
found between the 25 hydroxy vitamin D values of the
groups (p=0.329).

There was a significant difference between the 1,25 dihy-
droxy vitamin D values of the groups (p < 0.001). The
median score of 1.25 dihydroxy vitamin D of healthy vol-
unteers was 51.3, different from the other two groups. The
median score of 1.25 dihydroxy vitamin D of predialy-
sis patients is 33, which is different from the other two
groups. The median score of 1.25 dihydroxy vitamin D of
dialysis patients is 14.1, which is different from the other
two groups. The 1,25 hydroxy Vit D levels of the groups
are presented in Table 3.

The graph of the 1.25 hydroxy Vit D levels of the groups is
presented in Figure 1. No significant difference was found
between the Pentraxin-3 values of the groups (p=0.993).
The relationship between the Pentraxin-3 values of the
groups is presented in Table 4.

Pentraxin-3 values by groups are presented in Figure
2. There was a significant difference between the
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Figure 3. Angiopoietin-1 levels of the groups

Angiopoietin-1 values of the groups (p < 0.001). The me-
dian angiopoietin score of healthy volunteers was 0.36, dif-
ferent from the other two groups. The median angiopoietin
score of predialysis patients was 0.94, and the median an-
giopoietin score of dialysis patients was 0.93, and there was
no difference between them. The relationship between the
Angiopoietin-1 values of the groups is presented in Table 5.
Angiopoetin-1 values of the groups are presented in Figuire
3. Correlation analysis was performed between creatinine
values and Pentraxin-3, Angiopoetin-1, 25 Hydroxy Vit D
and 1.25 dihydroxy Vit D.An important laboratory finding
of CKD progression is elevated creatinine. Our correlation
analysis findings are presented in Table -6. There was a
positive low-level relationship (r=0.023) between creatine
and Pentraxin-3, and this relationship was not statistically
significant (p=0.832).There was a moderate positive corre-
lation (r=0.593) between creatine and Angiopoietin-1, and
this relation was statistically significant (p < 0.001).There
was a very low positive correlation (r=0.006) between crea-
tine and 25 OH Vit D, and this relationship was not statis-
tically significant (p=0.955).There was a moderate nega-
tive correlation (r=0.687) between creatine and 1.25 dihy-
droxy Vit D and this relation was statistically significant
(p < 0.001). Further statistical analysis was performed
between creatine and Angiopoeetin-1, Pentraxin-3, 25 hy-
droxy Vit D and 1.25 dihydroxy Vit D. Our regression
analysis results are presented in Table 7.

A simple regression model was established for creatine
and Pentraxin-3. The created regression model was not
found to be statistically significant (F=0.781 , p=0.379)
and R2=0.009. A simple regression model was established
for creatine and angiopoietin-1. The created regression
model was found to be statistically significant (F=13.409
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Table 3. 1, 25 hydroxy Vitamin D values between group
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MeantStandard Deviation. Median (Min-Max) Test Statistics1 p
Group
Healthy Volunteers(ng/ml) 53.12 + 18.09 51.3(23.3-108.1)a 42.699 <0.001
Predialysis Patients (ng/ml) 32.67 £ 17.02 33(6.97 - 73.6)b
Dialysis Patients (ng/ml) 17.46 + 12.52 14.1 (5 - 51.6)c
1: Kruskal Wallis test statistics,
Table 4. Pentraxin-3 values between groups

MeanztStandard Deviation. Median (Min-Max) Test Statistics1 p
Group
Healthy Volunteers(ng/ml) 43.4 £ 17.41 42.3(9.15-77.74) 0.015 0.993
Predialysis Patients(ng/ml) 88.92 + 147.78 40.02 (13.72 - 604.71)
Dialysis Patients(ng/ml) 43.75 + 17.25 45.73 (10.29 - 75.46)

1: Kruskal Wallis test statistics

, p < 0.001) and R2=0.135. The estimated angiopoietin
value is equal to (0.58+0.05*creatin) value. A simple re-
gression model was established for creatine and 25 hydroxy
Vit D. The created regression model was not found to be
statistically significant (F=0.665 , p=0.417) and it was ob-
tained as R2=0.008.

A simple regression model was established for creatine and
1.25 dihydrocroxy Vit D. The created regression model was
found to be statistically significant (F=53,685 , p < 0.001)
and it was obtained as R2=0.384. The estimated value of
Creatine is equal to (6.29-0.08*1.25 dihydroxy Vit D).

With the regression model we created, it was again statis-
tically proven that there was a significant relationship be-
tween Pentraxin-3 levels and CKD. Our regression model
results confirmed our H1 hypothesis once again. The rela-
tionship between 1,25 hydroxy Vit D, which is the active
form of Vitamin D, and CKD is a known fact. However,
the reason for including it in the analysis here is to ensure
the relationship between CKD and Angiopoietin-1 levels.
That is, taking 0.05 times the creatinine value and adding
0.58 gives the Angiopoietin -1 value. The opposite is also
true. The creatinine value of the case can also be calcu-
lated by finding the angiopoietin-1 level.

Discussion

In our study, a significant relationship was found between
Angiopoetin-1 levels and CKD. Angiopoetin-1, which
plays a role in angiogenesis and inflammation, can be a
guiding biomarker in the early diagnosis and treatment
planning of CKD patients. No relationship was found be-
tween Pentraxin-3 levels and CKD. In our study, it was
proved again that Pentraxin-3, which has a role in inflam-
mation, is a marker more like an acute phase reactant. The
relationship between 1,25 hydroxy Vit D, which is the ac-
tive form of Vitamin D, and CKD is a known fact. The
determination of this relationship in our study, confirmed
our hypothesis about the relationship between Angiopo-
etin -1 and CKD.

The study of David S et al. [10] showed that Angiopoietin-
2 levels in CKD Stage 5 patients receiving mainte-
nance dialysis treatment are associated with widespread
atherosclerosis, and moreover, it is associated with high
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mortality. David S et al. did not find a relationship be-
tween Angiopoetin-1 levels and CKD progression, and they
stated that the relationship between Angiopoetin-2 levels
and CKD was significant.

In a case-control study conducted by Anderson et al. [11],
Pentraxin-3, Angiopoetin-1 levels, and VEGF-A (Vascu-
lar Endothelial Growth Factor -A) levels were examined
in cases with and without CKD diagnosis. The authors
examined the relationship between angiogenic factors and
CKD. Unlike our study, the authors found VEGF-A and
Pentraxin -3 levels to be increased in CKD, while they
found Angiopoetin-1 levels to be low. Investigative au-
thors stated that multicenter prospective studies with
larger populations are needed to understand whether an-
giogenic factors play a role in CKD progression [11]. Our
results are inconsistent with the work of Anderson et al.
The fact that they conducted their studies as a different ge-
ographical region and higher patient population and only
2 groups (patients diagnosed with CKD and healthyvol-
unteers ) are different aspects of our study. We think that
our results may have differed for these reasons.

Tsai et al. [12] investigated the relationship between
Angiopoetin-1 and Angiopoetin-2, VEGF-A levels and
subclinical cardiovascular disease in CKD patients by in-
cluding Echo parameters. They found a positive correla-
tion between high angiopoietin-2 levels, low angiopoietin-
1 levels and the development of ischemic heart disease in
CKD patients [12]. Although they found a positive corre-
lation between low angiopoietin -1 levels and the develop-
ment of ischemic heart disease in CKD patients, we found
a positive correlation between high angiopoietin -1 levels
and CKD progression in our study. Our study results do
not coincide with the study of Tsai et al.

Loganathan et al. [13], in their experimental study, accel-
erated the progression to chronic kidney disease by causing
low Angiopoeetin-1 in rats. The presence of tubulointersti-
tial fibrosis is a harbinger of progressive decline in kidney
function, regardless of the underlying cause.In the experi-
mental model they created based on this scientific fact, the
authors proved with electron microscopic results that low
levels of angiopoietin-1 increase renal fibrosis, that is, ac-
celerate the course of chronic kidney disease. Our results
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Table 5. Angiopoietin-1 values between groups
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MeanzStandard Deviation. Median (Min-Max) Test Statistics1 p

Group
Healthy Volunteers (pg/ml) 0.36 £ 0.1 0.36 (0.2 - 0.56)a 45.325 <0.001
Predialysis Patients (pg/ml) 0.95 + 0.47 0.94 (0.1 - 2.55)b
Dialysis Patients (pg/ml) 0.92 +0.28 0.93 (0.39 - 1.84)b
1: Kruskal Wallis test statistics, a-b: There is no difference between groups with the same letter.
Table 6. Correlation analysis

Pentraxin-3 Angiopoietin-1 25 OH Vit D 1.25 OH VitD

Creatine r=0.023 ; p=0.832

r=0.593;p<0.001

r=0.006 ; p=0.955 r=-0.687 ; p < 0.001

r:spearman’s who

are in contrast with the study of Loganathan et al. In our
study, we found angiopoietin-1 levels higher in predialysis
and dialysis patients compared to healthy volunteers. This
can be explained by the fact that the study of Loganathan
et al. is an experimental study and our study is a clinical
study.

Pentraxin-3, also known as long pentraxin, is an acute
phase reactant that plays an important role in the immune
system, and can induce acute or chronic inflammation by
activating the first component of the classical complement
cascade [14].

In a study by Abu Seman et al. [15] in Malaysia, they ex-
amined serum Pentraxin-3 levels in patients with Type-2
diabetes mellitus and in patients with diabetic nephropa-
thy. The authors found that serum Pentraxin-3 levels were
low in patients with Type-2 diabetes mellitus and in pa-
tients with diabetic nephropathy (15).

In the study of Sjoberg et al. [16], they claimed that Pen-
traxin is a biomarker that indicates renal damage before
the development of CKD. They stated that as the GFR
level decreased in the elderly, Pentraxin-3 levels increased.
They also stated that Pentraxin -3 levels were high even
in the early stages of CKD. In our study, when CKD
cases and healthy volunteers were compared, we found
that there was no difference between Pentraxin-3 levels
in all groups. Our results do not coincide with the study
of Sjoberg et al.

A review by Ristagno et al. [17] states that Pentraxin-3 is
elevated as an indicator of tissue damage in acute myocar-
dial infarction, heart failure, and cardiac arrest and that it
is a new and highly predictive biomarker for cardiovascu-
lar diseases. Ristagno et al. stated that Pentraxin -3, an
acute phase reactant, is a good biomarker for acute car-
diovascular diseases. CKD is a chronic process, so it is an
expected result that we did not obtain significant results
in our study.

In a study by Dubin et al. [18] in a large population study
including 2824 multicenter CKD cases from different eth-
nicities, they reported that they found a strong and lin-
ear relationship between elevated pentraxin-3 levels and
low GFR levels in CKD, especially in coloured. The au-
thors also stated that increased Pentraxin -3 levels in CKD
patients were also associated with increased cardiovascu-
lar disease [18].Our study is a single-center and narrow-
population study. The inconsistency of our results may be
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related to the difference in our study populations.

Myamoto et al. [19] examined Pentraxin-3 levels in obese
patients with end-stage renal disease. When the Pentraxin
-3 levels of the cases undergoing hemodialysis incidentally
and those undergoing continuous hemodialysis were com-
pared, Pentraxin-3 levels were found to be higher in the
cases undergoing continuous hemodialysis.

Suliman et al. [20] found Pentraxin-3 levels higher in
hemodialysis patients compared to the control group in a
study in which they compared end-stage renal disease pa-
tients and the control group. Multicenter and multi-ethnic
data were evaluated. Although not statistically significant,
Pentraxin-3 levels were found to be higher in the predialy-
sis group and moderately higher in the hemodialysis group
compared to the control group in our study. Our results
are in partial agreement with the study of Suliman et al.

Another noteworthy situation in this study is that using
1.25 dihydroxy Vit D is more meaningful than the use of 25
hydroxy Vit D in determining vitamin D levels, which are
determinant in the prognosis and complications of the dis-
ease in CKD patients.Vitamin D deficiency is a well-known
condition in both the general population and those with
chronic kidney disease (CKD). In the study of Levin et al.
[21], it was claimed that although serum 25 hydroxy Vit
D may be a good indicator of vitamin D status in healthy
individuals, 1.25 dihydroxy Vit D would be a more appro-
priate indicator for mineral metabolism and bone turnover
in patients with CKD. Our study also supports this liter-
ature finding. In our study, there was no significant differ-
ence in 25 hydroxy Vit D levels between all 3 groups.The
1.25 dihydroxy Vit D levels were found to be highest in
healthy volunteers, low in predialysis patients, and quite
low in hemodialysis patients, and statistical significance
was found between the groups.

There are some limitations of our study. First of all, the
fact that it is single-centered and performed in a relatively
narrow population is the first limiting factor. Measuring
Pentraxin-3 and Angiopoetin-1 levels in smaller subgroups
homogenized by age or gender would have resulted in much
more meaningful results. The second limiting factor is the
lack of age and/or gender homogenization for biomarker
measurements.

As a result; Although in the literature mostly a rela-

tionship was found between increased Angiopoetin-2 lev-
els and CKD and endothelial dysfunction, we found high
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Table 7. Regression analysis

2022;29(3):280-285

31 (95% Cl) SE 32 t p
Creatine-Pentraxin-3
Constant 68.85 (39.12 - 98.58) 14.957 4.603 <0.001
Creatine -2.89 (-9.4 - 3.61) 3.272 -0.095 -0.884 0.379
Creatine-Angiopoetin-1
Constant 0.58 (0.45-0.71) 0.066 8.847 <0.001
Creatine 0.05 (0.02 - 0.08) 0.014 0.367 3.662 <0.001
Vit 25 OH D-Creatine
Constant 3.09 (1.77 - 4.4) 0.662 4.667 <0.001
Vit 25 OHD 0.03 (-0.05 - 0.11) 0.040 0.088 0.816 0.417
Vit 1.25 D Hydroxy-Creatine
Constant 6.29 (5.41-7.18) 0.444 14.174 <0.001
Vit125 D Hyroxy -0.08 (-0.11 - -0.06) 0.011 -0.620 -7.327 <0.001

Angiopoetin-1 levels in CKD cases in our study. Although
a decrease in CKD cases was detected in the literature
with angiopoietin-1 levels, our finding in our study that in-
creased angiopoietin-1 levels with CKD progression made
a new contribution to the literature. Angiopoietin-1 can
be considered as a useful biomarker for the follow-up and
treatment of CKD. No correlation was found between our
Pentraxin-3 levels and CKD progression. While a relation-
ship was found between elevated Pentraxin-3 levels and
CKD in the literature, Pentraxin-3 levels were found to be
similar between our groups in our study. We believe that
our study sheds light on the literature in terms of different
results. We believe that multicenter studies with a large
population are needed in order to reach definitive results
for both biomarkers.
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