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Abstract: Chronic kidney disease (CKD) affects 10% of the world’s population. Uremic toxins, such
as indoxyl sulfate (IS), p-Cresylsulfate (PCS) and indole acetic acid (IAA), are not sufficiently removed
by conventional hemodialysis (HD) and have been associated with inflammation, poor quality of
life, bone mineral disease (BMD) and endothelial injury. Online hemodiafiltration (OL-HDF) may
promote greater clearance of uremic toxins than HD. However, there are few studies evaluating the
effect of OL-HDF on serum levels of IS, PCS, IAA, and biomarkers associated with inflammatory,
endothelial, and bone and mineral disorder in the elderly population. We evaluated the effect of
6 months of OL-HDF on the serum concentration of uremic toxins, biomarkers of inflammation,
endothelial and bone mineral disorder in older patients on OL-HDF. IS, PCS, and IAA were measured
by high-performance liquid chromatography. We included 31 patients (77.4 ± 7.1 years, 64.5% male,
35.5% diabetic, on maintenance dialysis for 45 ± 20 days). From baseline to 6 months there was
a decrease in serum concentration of IS but not PCS and IAA. We found no change in serum
concentration of inflammatory, endothelial, or mineral and bone biomarkers. In summary, OL-HDF
was capable to reduce IS in older patients. Whether this reduction may have an impact on clinical
outcomes deserves further evaluation.

Keywords: chronic kidney disease; hemodiafiltration; uremic toxins; biomarkers; inflammation;
endothelium; bone mineral disease

1. Introduction

Chronic kidney disease (CKD) is a public health problem with a worldwide prevalence
of 10% and associated with a high morbimortality rate [1]. The progressive loss of filtration
capacity results in the accumulation of toxic substances called uremic toxins (UTs) [2,3].
Patients with a glomerular filtration rate < 15 mL/min experience high serum concentra-
tions of UTs and electrolyte imbalance and metabolic acidosis. Renal replacement therapy
is often indicated to maintain homeostasis and survival [4]; and hemodialysis (HD) is the
modality most widely used. However, HD is not very effective in removing uremic toxins
with medium molecular weight or those binding to proteins, such as indoxyl sulfate (IS),
p-Cresylsulfate (PCS), and indole acetic acid (IAA) [5,6].

The accumulation of these UTs in patients on HD has been associated with increased
inflammation [7], poor quality of life, bone and mineral disease disorders (BMD) [8],
endothelial injury, and cardiovascular disease [9]. Moreover, the inflammatory response to
UTs has been associated with pathophysiological mechanisms of cardiovascular disease
(CVD) and BMD in patients with CKD, mainly in those on HD [10].

IS, PCS, and IAA are associated to signaling of the inflammatory response, endothe-
lial injury, inhibition of endothelial repair and regeneration oxidative stress, CVD, and
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mortality in patients with CKD [11,12]. IS promotes pro-inflammatory macrophage acti-
vation mediated by its uptake through transporters, including OATP2B1, an independent
cardiovascular risk factor in CKD [13].

The association between UTs and BMD is based on recent studies that have suggested
that IS and PCS might inhibit osteoclast differentiation [14] and impair PTH signaling,
which is an essential signal for the regulation of bone metabolism [15]. Additionally, UTs
are associated with an impairment of bone quality and bone fragility [15].

Not only the loss of renal filtration function affects calcium, phosphate, 25(OH)D,
parathyroid hormone (PTH), and fibroblast grown factor 23 (FGF-23) in patients dialysis
patients, but also the inflammation. Recently, it has been observed that in the bone marrow,
several immune cells can modulate bone [16]. Hence, the cytokines produced by immune
cells and UTs act on osteoblasts and osteoclasts, contributing to injury bone remodeling in
patients with CKD [17,18].

Online hemodiafiltration (OL-HDF), a modality that combines diffusion and convec-
tion, removes greater amount of medium molecular weight or protein-bound uremic toxins
than HD [19]. OL-HDF may potentially reduce the adverse effects of inflammation and
BMD. Lin CL et al. have found after 6-months, a reduction in advanced glycation products
(AGEs) in patients treated with OL-HDF compared to those on HD [20]. Similarly, Kuo
et al. have reported that OL-HDF was able to decrease TNF-α and IL-18 [21]. Den Hoedt
et al. have also observed lower levels of CRP and albumin in patients who underwent
OL-HDF [22]. Den Hoedt et al. have demonstrated that CRP levels and mortality rate were
lower in the OL-HDF group when compared to HD [23]. Panichi V at al. reported that
OL-HDF decreases serum levels of CRP and IL-6 in patients switched from low-flux HD to
OL-HDF [24].

To date, there is no study on the effects of OL-HDF on serum concentration of IS, PCS,
IAA, biomarkers of inflammation, endothelial, and bone in older individuals. Thus, the
present study aimed to evaluate the serum concentration of protein-bound uremic toxins,
biomarkers of inflammation, and endothelial and bone mineral disease in older patients
who switched from high-flux HD to OL-HDF.

2. Results

Out of 40 patients initially included, 9 dropped-out due to COVID-19 (N = 2), kidney
transplantation (N = 1) and changed to another dialysis center (N = 6). The final analysis
was performed with 31 patients. As detailed in Table 1 most patients were male and the
mean age was 77.4 ± 7.1 years. Hypertensive nephrosclerosis (45.2%) and diabetes (35.5%)
accounted for most of the underlying kidney disease.

Table 1. Characteristics of patients.

Parameter n = 31

Age (years) 77.4 ± 7.1
Male gender, n (%) 20 (64.5)

Body Mass Index (Kg/m2) 25.8 ± 5.8
Dialysis vintage, days, mean ± SD 45 ± 20

Underlying cause of kidney disease, n (%)
Hypertensive Nephrosclerosis 14 (45.2)

Diabetes 11 (35.5)
Chronic Glomerulonephritis 1 (3.2)

Other/unknown 5 (16.1)
Drugs administered, n (%)

Calcitriol 6 (19.4)
Paricalcitol 3 (9.7)

Phosphate Binders 19 (61.3)
Iron supplementation 31 (100.0)

Values are expressed as mean ± SD or median (25,75), unless specified otherwise.
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Table 2 and Figure 1 show a significant decrease in IS concentration after 6 months and
a reduction in PCS and IAA that did not reach statistical significance. Creatinine and urea
increased after 6 months in OL-HDF treatment (Table 2). IS correlated with PTH (r = 0.41;
p < 0.001), phosphate (r = 0.27; p = 0.03), and 25(OH)D (r = −0.35 p < 0.01) (Figure 2).

Table 2. Uremic toxins, biochemical data, bone mineral disease, endothelial and inflammatory
biomarkers at baseline (Pre-OL-HDF) and after 6 months on online hemodiafiltration (Post-OL-HDF).

Pre-OL-HDF Post-OL-HDF p

Indole Acetic Acid (µM) 7.87 (5.64–11.1) 8.10 (5.01–10.2) 0.72
Indoxyl sulfate (µM) 69.9 (36.3–86.0) 67.9 (52.7–114) 0.01
p-cresil Sulfato (µM) 187 (131–266) 183 (128–258) 1.00
Creatinine (mg/dL) 6.13 ± 2.80 7.67 ± 3.01 <0.01
Urea (mg/dL) 120 (83–148) 160 (139–185) <0.01
Sodium (mEq/L) 139 (137–142) 139 (137–142) 0.92
Potassium (mEq/L) 4.58 ± 0.81 5.41 ± 0.92 <0.01
Albumin (g/dL) 3.80 (3.70–4.10) 3.90 (3.70–4.10) 0.65
Glucose (mg/dL) 138 (119–190) 121 (108–153) <0.01
Calcium (mg/dL) 8.40 (8.10–9.00) 8.80 (8.50–9.50) 0.01
Phosphate (mg/dL) 4.39 ± 1.41 4.81 ± 1.08 0.15
Alk-p(U/L) 81 (66–124) 82 (68–94) 0.11
Intact PTH (pg/mL) 194 (125–432) 208 (128–284) 0.36
25(OH)D (ng/mL) 27 (22–32) 25 (17–29) 0.06
FGF-23 (pg/mL) 40 (2–452) 102 (19–990) 0.05
Sclerostin (ng/mL) 1.09 (0.64–1.38) 0.93 (0.54–1.38) 0.69
Osteopontin (ng/mL) 110 (33–178) 65 (45–149) 0.35
Endothelin (pg/mL) 2.5 (2.1–2.8) 2.8 (2.2–3.3) 0.42
TNF-α (pg/mL) 2.3 (1.9–2.6) 2.0 (1.7–2.7) 0.72
Interleukine-6 (pg/mL) 7.4 (5.5–9.9) 6.4 (5.5–10.3) 0.36
Interleukine-10 (pg/mL) 2.6 (0.1–6.6) 2.3 (1.2–9.7) 0.37
hsCRP (mg/L) 6.3 (1.9–26.4) 3.8 (1.7–15.5) 0.10

Alkaline Phosphatase (Alk-p), PTH, parathyroid hormone; 25(OH)D, 25-Hydroxyvitamin D; FGF-23, Fibroblast
Growth. Factor-23; TNF-α, Tumor necrosis factor-alpha; hsCRP, high sensitivity C-reactive protein.

Int. J. Transl. Med. 2022, 2, FOR PEER REVIEW  4 
 

 

 
Figure 1. Percentual change in serum concentration of uremic toxins after 6 months of online he-
modiafiltration (OL-HDF). 

 
Figure 2. Correlation between Indoxyl sulfate (IS) and intact parathyroid hormone (iPTH), phos-
phate and 25 vitamin D. 

A sub analysis revealed a reduction in alkaline phosphatase (from 103 ± 39 to 86 ± 25, 
p = 0.04) and CRP [from 5.30 (1.23–26.0) to 2.44 (1.59–11.1), p = 0.04] in patients who exhib-
ited a reduction in IS and IAA, respectively (Figures 3 and 4). 

 
Figure 3. Alkaline phosphatase serum concentration in patients who showed a reduction in the se-
rum concentration of Indoxyl Sulfate over 6 months of online hemodiafiltration (OL-HDF). 

Figure 1. Percentual change in serum concentration of uremic toxins after 6 months of online
hemodiafiltration (OL-HDF).

A sub analysis revealed a reduction in alkaline phosphatase (from 103 ± 39 to 86 ± 25,
p = 0.04) and CRP [from 5.30 (1.23–26.0) to 2.44 (1.59–11.1), p = 0.04] in patients who
exhibited a reduction in IS and IAA, respectively (Figures 3 and 4).
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Figure 2. Correlation between Indoxyl sulfate (IS) and intact parathyroid hormone (iPTH), phosphate
and 25 vitamin D.
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3. Discussion

The proposal of the current research was to evaluate toxin removal by OL-HDF in
older patients. The population is ageing and so is the population on dialysis. Age is a
risk factor for mortality in dialysis and older patients have a higher risk than younger [25].
OL-HDF is known to be a more appropriate method to avoid hemodynamic instability and
therefore with benefits for older individuals. However, there is no study that has focused
on toxin removal in elderly patients on OL-HDF.

This study showed that older patients who switched from HD to OL-HDF presented a
reduction in the serum concentration of IS after 6 months. Levels of PCS, IAA, inflammatory,
endothelial and BMD markers did not change. In addition, we observed an increase in
serum concentration of creatinine and urea over 6 months of OL-HDF. This finding could be
explained by the appetite improvement after dialysis initiation and the cessation of protein
restriction diet. URR and Kt/V are greater in OL-HDF than in conventional hemodialysis.
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Therefore, the increase in urea and creatinine levels after 6 months on OL-HDF is more likely
to be a result of a better protein intake than a reduced dialysis urea and creatinine clearance.

Urea is the most measured toxin in patients on dialysis, and it is used as a surrogate
marker of dialysis efficiency. However, urea is a small solute easily removed by dialysis,
which is not true for middle molecules. Middle molecules, on the other hand, are not
commonly measured in clinical practice and are associated with several adverse outcomes
in patients on dialysis. IS, for instance, reacts directly with macrophages and accelerates
atherosclerosis [26]. OL-HDF is thought to remove such molecules in a more effective way,
and potentially improve dialysis-related clinical symptoms. Greater removal of toxins may
lead to improved survival and quality of life for dialysis-dependent chronic kidney disease
patients. If this applies also for older patients is still unknown.

In agreement with our data, a previous study enrolling 36 younger patients for six
months in OL-HDF, have observed a reduction in IS serum concentrations [27]. Krieter
et al., in a study comparing HD and OL-HDF, observed a significant reduction in plasma
concentrations of free and total IS and total PCS [28]. These results were not confirmed by
Thammathiwat et al. [29]. Krieter et al. have reported that even though serum IS and PCS
levels have reduced in OL-HDF, this effect was not sustained in long term [30]. In our study,
IS was the only UT that had a significant reduction in 6 months. However, we observed
that 35% and 40% of patients had a decrease in PCS and in IAA, respectively, although the
results did not reach statistical significance. Patients who experienced such reduction had
few/no changes in inflammatory, BMD, and endothelin biomarkers (data not shown).

IS acts as a bone toxin by inhibiting osteoblast differentiation and inducing apoptosis
via the caspase pathway [31]. Hence, IS causes bone metabolism disorders by disturbing
the osteoblast and/or osteoclast activities [14]. The accumulated IS plays an important role
in deteriorating bone mechanical properties in rats by altering the chemical composition of
bone, indicating that uremia impairs bone elasticity [32], decreases the osteoblast Wnt/b-
catenin signaling and increases the expression of Wnt signaling inhibitors, such as sclerostin
and Dickkopf-1 (DKK1) [33]. IS induces skeletal resistance to PTH in cultured osteoblastic
cells [34]. We found a reduction in IS, but not in serum levels of sclerostin and FGF-23.
Corroborating our findings, Uhlin et al., have observed that FGF-23 remained unchanged
after OL-HDF beginning [35]. In contrast, Patrier et al., have evaluated HD versus OL-HDF
and observed a significant reduction in FGF-23 in the OL-HDF group [36]. It is worth
mentioning that the treatment period was longer, and the population studied consisted of
younger patients than those included in our study. Lips et al., have observed a reduction in
sclerostin levels after one year and suggested that a high convection volume is needed to
achieve such result [37].

We have observed a positive correlation between IS and PTH. Liu WC et al. have
reported that IS accumulation leads to bone loss, by causing inhibition of bone turnover, a
mechanism not fully understood [33]. In addition, it has been reported that IS can enhance
the activity of 24-hydroxylase (CYP24A1) and cause degradation of 25-hydroxyvitamin D
and active vitamin D, thereby reducing the concentration of calcitriol [38]. In our study we
did not measure 24-hydroxylase to support this hypothesis.

IS stimulates endothelial [39] and vascular injury [40], and the expression of inflam-
matory proteins [41]. The increase in circulating endothelial extracellular vesicles and
high serum levels of OPN is associated with vascular disorders and cardiovascular risk in
patients with CKD [42]. In our study, we found no difference in OPN after 6-months of
OL-HDF. Likewise, Uhlin et al., have evaluated 35 patients for 6, 12, and 24 months after
switching from HD to OL-HDF and did not find a significant difference in OPN levels [43].

We investigated for the first time the impact of OL-HDF on endothelin-1, an endothelial
injury biomarker. Endothelin-1 did not correlate with UTs and remained unchanged after
6 months of OL-HDF. In contrast, Jia et al. have evaluated 20 patients comparing HD and
OL-HDF and observed an improvement in endothelial function [19]. Rebic et al., in a 1-year
prospective longitudinal study, have observed a significant reduction in Endothelin-1 in
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incident patients on peritoneal dialysis (PD) [44]. Therefore, the removal of endothelin-1 by
dialysis treatments and its effects are not fully clarified.

We found no reduction in serum concentrations of inflammatory biomarkers after
6-months from OL-HDF. Some authors have reported that IAA correlated with CRP [45,46].
Agbas et al., have observed a significant reduction in CRP, but no difference for IL-6 and IL-
10 [47]. Jia et al. have demonstrated that IL-6 was significantly reduced in OL-HDF versus
HD, but no difference was found in CRP levels [19]. Kuo et al. have observed a significant
reduction in plasma levels of IL-18 and TNF-a, with no change in CRP and IL-6 levels in
patients < 65 years old treated by OL-HDF [21]. Morad et al., in a pediatric population,
observed a significant reduction in CRP, IL-6, and TNF-α compared to HD [48]. None of
these studies were designed to older patients. Although OL-HDF dialysis treatments are
considered better than HD to remove middle molecule size, conflicting results have been
reported [48–52]. These results may suggest that inflammatory markers tend to behave
differently in the elderly, regardless of the treatment applied [53,54].

Our results should be interpreted with caution due to the small sample size and must
be confirmed in a larger study. However, it should be emphasized that OL-HDF in Brazil is
still a modest dialysis modality since only private health insurance covered it and most
patients do not have it. The dialysis unit from the Hospital Sancta Maggiore offers OL-HDF
for all patients allowing this current research to be done. Nonetheless, data generated in
Brazil might help grow the literature giving a scientific background to improve the access
to this modality to other patients. In addition, there is still a paucity of data on older
patients, a population that has increased in prevalence worldwide among those on renal
replacement therapy. The current study is, to our knowledge, the first to include specifically
older patients on hemodiafiltration. The follow-up of 6 months for older patients on
dialysis is adequate to test the impact of toxin removal but short for other endpoints such
as cardiovascular morbidity and mortality. In summary, this prospective observational
study demonstrated that OL-HDF was capable to reduce IS in older patients. Whether this
reduction may have an impact on clinical outcomes deserve further evaluation.

4. Patients and Methods
4.1. Study Design

This is a prospective observational study that evaluated older patients on OL-HDF
at baseline and after 6 months. The STROBE checklist [55] was used for this prospective
observational study. This study was approved by the Ethical Advisory Committee of the
Universidade Nove de Julho/UNINOVE: C.A.A.E# 97475918.5.0000.5511. All patients
provided written informed consent.

4.2. Patients

Thirty-one clinically stable patients (n = 31) aged >65 years were continually included.
They were recruited at the Hospital Sancta Maggiore, in the period between June 2020
and November 2021. Inclusion criteria were patients with CKD aged >65 years, on OL-
HDF, within the first 90 days on renal replacement therapy. No inclusion criteria were:
chronic liver disease, auto-immune disease (i.e., systemic lupus erythematosus, rheumatoid
arthritis), congestive heart failure (Stages III/IV), chronic degenerative neurological disease,
chronic use of corticosteroids, use of topical or systemic hormonal therapy, morbid obesity,
severe peripheral vascular insufficiency, history of infection and/or inflammation within
the latest 1 month, hepatitis B, HIV and/or C virus infection, current COVID-19, current
malignancy, and use of antibiotics or anti-inflammatory drugs for less than 1 month before
study entry.

Before starting the first OL-HDF session (Pre-OL-HDF) and after 6-months on OL-
HDF (Pos-OL-HDF), 20 mL of blood was collected for evaluation of bound protein uremic
toxins (IS, PCS, IAA); inflammation markers (PCR, IL-6, TNF-α, and IL-10); endothelial
lesion marker (endothelin), endothelial calcification (osteopontin) and bone mineral disease
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markers (phosphate (Pi), calcium (Ca), PTH, 25(OH)D vitamin (Vit D), sclerostin (SOST),
and FGF-23.

4.3. OL-HDF Treatment

OL-HDF was post-dilution, aiming whenever possible convection volume ≥ 22 L/
treatment, using high-flux and high efficiency dialyzer (polysulfone model FX100, Frese-
nius Medical Care®, Bad Homburg, Germany). The blood flow was set at 350 mL/min
and dialysate flow at 500 mL/min, adjusted according to the adapt flow sensor of the
dialysis machines (Model 5008 Fresenius Medical Care®). Dialysis duration and frequency
were adjusted according to the presence of residual renal function. All patients received
continuous heparin as an anticoagulant during the procedure.

The composition of the dialysis solution used was CPHD with Glucose 23G/44—
(Fresenius Medical Care®) with the following composition: pH: 5.2; Glucose: 1.5%, 2.5% and
4.5%; Calcium: 3.5 mEq/L or 2.5 mEq/L; Potassium: ZERO mEq/L; Sodium: 132 mEq/L
or 134 mEq/L; Magnesium: 0.5 mEq/L; Chloride: 96 mEq/L or 101 mEq/L; Lactate:
40 mEq/L.

4.4. Laboratory Methods
Biochemical Parameters

Routine laboratory analyses including serum creatinine measured by a kinetic colori-
metric assay based on the Jaffe method (reference/sensitivity 04810716190/0.17 mg/dL),
urea by urease (reference/sensitivity 04460715190/3.0 mg/dL), sodium (reference/sensitivity
10825468001/80 mEq/L), and potassium (reference/sensitivity 10825441001/1.5 mEq/L) by
Ion Selective Electrode—ISE, calcium by o-cresolftalein (reference/sensitivity 05061482190/
0.8 mg/dL), phosphate by UV molybdate (reference/sensitivity 03183793122/0.31 mg/dL),
albumin by bromocresol green (reference/sensitivity 03183688122/0.2 g/dL), glucose by
hexokinase (reference/sensitivity 04404483190/2.0 mg/dL alkaline phosphatase (alk-p) by
International Federation of Clinical Chemistry—IFCC (reference/sensitivity 03333752190/
5.0 U/L), intact parathyroid hormone (iPTH) (reference/sensitivity 11972103122/6.0 pg/mL)
and vitamin D (reference/sensitivity 07464215190/3.0 ng/mL) by electrochemilumines-
cence, and high-sensitive C reactive protein (hsCRP) by immunoturbidimetry (refer-
ence/sensitivity 04628918190/0.30 mg/L), on the Cobas® 6000 modular platform (Roche
Diagnóstica), were performed at pre-OL-HDF and pos-OL-HDF.

4.5. Inflammatory, Endothelial, and Bone Disease Biomarkers

After blood collection according to the study design, a 10 mL aliquot was centrifuged,
and the serum was separated and stored in a −80 ◦C freezer for biomarkers measurement.

IL-6 was measured by ELISA (Quantikine Human hsIL-6, catalog HS600C, R&D
Systems, Minneapolis, MN, USA), and the intra- and inter-assay CVs were <5% and <7%,
respectively. The TNF-α was determined by ELISA (Quantikine Human hsTNF-α, catalog
HSTA00E, R&D Systems, Minneapolis, MN, USA), and the intra- and inter-assay CVs were
<5% and <7%, respectively. The IL-10 was measured by ELISA (Quantikine Human hs IL-10,
catalog HS100C, R&D Systems, Minneapolis, MN, USA), and the intra- and inter-assay
CVs were <5% and <7%, respectively. The endothelin was measured by ELISA (Quantikine
Human hs endothelin, catalog DET100, R&D Systems, Minneapolis, MN, USA), and the
intra- and inter-assay CVs were <6% and <8%, respectively. The osteopontin was measured
by ELISA (Quantikine Human osteopontin, catalog DOST00, R&D Systems, Minneapolis,
MN, USA), and the intra- and inter-assay CVs were <6% and <8%, respectively. The
sclerostin was measured by ELISA (Quidel Corp., catalog TE1023HS, San Diego, CA, USA),
and the intra- and inter-assay CVs were <6% and <8%, respectively. The FGF-23 was
determined by ELISA (Immunotopics Inc. catalog 60–6600, San Diego, CA, USA), and the
intra and inter-assay CVs were <6% and <8%, respectively. All serum levels of biomarkers
were measured according to the manufactory’s instructions.
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Blood samples were centrifuged at 2500 rpm for 15 min and stored at −80 ◦C. Serum
(total and free fractions) IS, PCS, and IAA were quantified by high-performance liquid
chromatography with fluorescent detection, as described by Borges et al. [46].

4.6. Statistical Methods

Data normality was verified by the Shapiro-Wilk test. Continuous numeric variables
were expressed according to their parametric or nonparametric distribution, as mean and
standard deviation or median and percentiles (25–75%), respectively. Categorical data is
described as absolute values and percentages of the total sample. Analyses between baseline
and 6 months were performed using the paired T-test or Wilcoxon test, as appropriated. The
correlation between independent variables was analyzed using the Pearson or Spearman
test, when appropriate.

A significance level of 5% (p < 0.05) was established for the statistical tests. Analyzes
were performed using IBM SPSS STATISTICS software for Windows (IBM Corp., Armank,
NY, USA) version 25.
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