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Abstract
AIM: The aim of this study was to compare the impact of conventional hemodialysis (HDC) and hemodiafiltration 
(HDF) techniques on the evolution of the parameters of phosphocalcic metabolism in chronic hemodialysis patients.

METHODS: This is a retrospective, descriptive, and analytical study carried out in the hemodialysis center of Agadir 
medico-surgical center during 2015. The total number of patients is 34, 18 were treated by HDC, that is, 52.9% 
of cases. Furthermore, 16 patients underwent HDF, that is, 47.1% of cases. With each of the two techniques, the 
following parameters were measured: To assess the PTH level, we performed three measurements. To evaluate 
calcium, phosphorus, albumine and CRP levels, seven measurements were taken. The data were entered via Excel 
and analyzed through Jamovi 1.6.9 software. We used the Wilcoxon or the Mann–Whitney test for the means. The 
factors associated with the variation of the studied parameters were analyzed in univariate and multivariate analyzes 
using the binary logistic regression model.

RESULTS: Our population was made up of 41.2% women and 58.8% men. Their average age was 55 ± 11 years. 
Furthermore, 82.3% of cases had a normal build, 11.7% were overweight, and 6% were moderately obese. The 
distribution of patients according to the causal nephropathy of chronic renal insufficiency presented a predominance 
of diabetic nephropathy (32.3%), followed by vascular pathology in ten patients (29.4%). There was no statistically 
significant difference in the evolution of the levels of the parameters studied (PTH, calcium, phosphorus, albumin, 
and CRP levels) over time. Univariate analysis showed that only the initial nephropathy factors: Other nephropathy-
vascular nephropathy (p = 0.028; OR = 0.060; IC95% [0.004−0.734]) and diabetic nephropathy-vascular nephropathy 
(p = 0.011; OR = 0.050; IC95% [0.004−0.508]) were associated with the variation of the studied parameters. The same 
factors also emerge in the multivariate analysis: Other nephropathy-vascular nephropathy (p = 0.034; OR = 0.044; 
IC95% [0.002−0.791]) and diabetic nephropathy-vascular nephropathy (p = 0.009; OR = 0.032; IC95% [0.002−0.429]).

CONCLUSION: According to our results, it seems that there are no significant differences in the evolution of some 
mineral bone parameters studied with the HDC and HDF techniques.
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Introduction

The kidneys play the role of a real «sewage 
treatment plant» in our body. They are essential for 
maintaining homeostasis in our body [1], [2]. However, 
under certain conditions kidney function can deteriorate 
and cause kidney failure, even leading to end stage 
renal disease when the kidneys are no longer able 
to perform their function. At this stage, replacement 
treatments are essential to survive [3], [4], [5], [6]. 
Extrarenal replacement by dialysis is today a recognized 
and widely proven therapeutic modality for end-stage 
chronic renal disease (ESRD). The latter is a serious, 
disabling pathology, with restrictive and expensive 
treatment. It is characterized by a set of clinical signs 
and humoral abnormalities which constitute the 
uremic syndrome: Arterial hypertension refractory to 

pharmacological treatment, global hyperhydration with 
edemas, metabolic acidosis, retention of substances 
such as urea, creatinine, and potassium [7], [8]. ESRD 
represents a major public health problem and is a 
major concern in Morocco because of its medical and 
socioeconomic consequences [9].

To ensure the survival of the patient, ERST 
requires the implementation of techniques to support 
renal function. Apart from few cases where the first 
replacement therapy is the transplant (preemptive 
transplant), the first-line treatment is extrarenal 
purification, which includes: conventional hemodialysis 
and hemodiafiltration. The objective of extrarenal 
purification is to overcome the deficit in the excretory 
function of the kidneys [10].

The survival of nearly 3 million uremic patients 
worldwide is ensured by extrarenal replacement, 
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mainly by hemodialysis [11]. In addition, phosphocalcic 
abnormalities are frequent in chronic renal failure long 
before the stage of dialysis and play a fundamental 
role in the development of hyperparathyroidism. These 
abnormalities constitute an additional cardiovascular 
risk factor in these patients already presenting 
many risk factors that are not specific (age, tobacco, 
diabetes, etc.) or specific to chronic renal failure 
(lipid disorders, anemia, hyperhomocysteinemia, 
inflammation, etc.) [12], [13].

Conventional hemodialysis is the most widely 
used means of renal replacement in Morocco.

However, this conventional hemodialysis 
technique has its limits. In fact, in the long term, 
conventional hemodialysis can be accompanied by a 
morbidity known under the term “pathology of old dialysis 
patients,” significant mortality and also a deterioration 
in the quality of life of patients [10]. Conventional 
hemodialysis is present in all hemodialysis centers. On 
the other hand, hemodiafiltration (HDF) has just been 
introduced in few centers. It increases the clearance of 
medium to large molecules by combining diffusive and 
convective transport [14].

Data from the literature suggest the use of 
the HDF technique as a hemodialysis treatment for 
the following reasons: Technological development in 
water treatment and advances in dialysis machines, 
as well as the widespread use of synthetic dialyzers. 
High flux [15]. Furthermore, to our knowledge, virtually 
no adverse effects of HDF have been published in the 
literature to date [15]. In addition, patients on HDF 
would have a better quality of life and fewer symptoms 
of depression [16], [17]. As well as better hemodynamic 
stability, especially when using higher convective 
volumes [18], [19], [20].

The aim of the study is to compare the impact of 
conventional hemodialysis (HDC) and hemodiafiltration 
(HDF) techniques on the evolution of the parameters 
of phosphocalcic metabolism (parathyroid hormone 
(PTH), calcium, and phosphoremia) in chronic 
hemodialysis patients.

Methods

This is a retrospective, descriptive, and 
analytical study carried out in the hemodialysis center 
of the first Agadir medico-surgical center from June 
2015 to December 2015.

We included in our study patients over 18 years 
old with the following characteristics: (1) Chronic dialysis 
for more than 6 months, 3 times per week; (2) having an 
adequate quality of dialysis; and (3) under erythropoiesis 
stimulating agent. Therefore, we excluded from our 
study patients who had undergone surgery or had a 

scheduled transplant as well as patients with bleeding 
or vascular access dysfunction.

Patients were treated by conventional 
bicarbonate hemodialysis on AK 200 ultragenerators 
(Gambro®), with high permeability synthetic membrane 
and ultrapure dialysate. Or by on-line hemodiafiltration 
on AK 200 ultragenerators (Gambro®), with high 
permeability synthetic membrane and ultrapure 
dialysate, with a replacement liquid prepared on line.

With each of the two techniques, the following 
parameters were measured: To assess the parathyroid 
hormone level, we performed three measurements 
(initial measurement; trimester 1 and trimester 2). To 
evaluate calcium, phosphorus, albumine and C reactive 
protein levels, seven measurements were taken (initial, 
1st, 2nd, 3rd, 4th, 5th, and 6th months).

Qualitative variables were expressed in number 
and percentage. Quantitative variables were expressed 
as mean and standard deviation or median and quartile. 
For the comparison of the groups, we used the Wilcoxon 
or the Mann–Whitney test for the means depending on 
normality test. Furthermore, the factors associated with 
the variation of some biochemical parameters in dialysis 
patients were studied in univariate and multivariate 
analyzes using the binary logistic regression model 
(enter method). The significance level has been set at 
p < 0.05.

The data were analyzed through Jamovi 1.6.9 
software.

Results

Demographic data

Our population consists of 20 women (41.2%) 
and 14 men (58.8%). The ages of the patients ranged 
from 18 to 75 years, with a mean age of 55 ± 11 years. 
The average weight was 70 kg ± 14 kg and the average 
height is 1.66 m ± 0.08 m (Table 1).

Table 1: Demographics data
Demographic parameter n (%) Mean ± standard deviation
Gender

Male 14 (41.2)
Female 20 (58.8)

Age (year): 55.5 ± 11.6
Weight (Kg) 70 ± 14.7
Height (m) 1.66 ± 0.08
Seniority of hemodialysis 7 ± 6

The body mass index (BMI) is a simple 
measure of weight for height. It is commonly used to 
express overweight and obesity in adults. It corresponds 
to the weight divided by the square of the height and 
expressed in kg/m2.

The patients in our study were divided 
according to their BMI (according to the WHO) into:
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•	 82.3% of cases had a normal build, that is, 
28 patients.

•	 11.7% of cases were overweight, that is, four 
patients.

•	 6% of cases were moderately obese, that is, 
two patients.
In our series, the length of hemodialysis ranged 

from 1 to 20 years with an average of 7 years ± 6 years.

Distribution according to the technique used

In our study population, 18  (52.9%) patients 
were treated by conventional hemodialysis and 
16  (47.1%) patients underwent hemodiafiltration 
(Table 2).

Table 2: Description of some parameters related to dialysis
Dialysis parameter n (%)
HDF/HDC

HDF 16 (47.1)
HDC 18 (52.9)

Blood group
A 9 (26.5)
B 10 (29.4)
AB 10 (29.4)
O 5 (14.7)

Initial nephropathy
Diabetic nephropathy 11 (32.4)
Vascular nephropathy 10 (29.4)
Others (lupus, polycystosis, indeterminate) 13 (38.24)

Surface area of the membrane
2.1 3 (8.8)
1.7 3 (8.8)
1.4 28 (82.4)

HDC: Hemodialysis, HDF: Hemodiafiltration.

Type of hemodialysis membrane

Among the 34  patients, a high permeability 
membrane with an area of 2.1 m2 was used in 
28  (88.2%) patients, an area of 1.7 m2 was used in 
3  (8.8%) patients, and area of 1.4 m2 was used in 
3 (8.8%) patients (Table 2).

Initial nephropathy

In the population studied, the distribution 
of patients according to the nephropathy causing 
chronic renal failure showed a predominance of 
diabetic nephropathy in 11  (32.2%) patients, followed 
by vascular pathology in 10  (29.4%) patients. Then, 
lupus nephropathy concerns 4 (11.7%) of our patients, 
followed by polycystic kidney disease which was 
present in 2 (5.8%) patients. Nevertheless, the etiology 
was undetermined in 7 (20.8%) patients (Table 2).

Evolution of mineral bone parameters

We evaluated the evolution of various 
parameters (parathyroid hormone, calcium, 
phosphorus, albumin, and C reactive protein levels) 
over time depending on the dialysis technique used. 
Our results show no statistically significant difference 
in the evolution of the levels of the various parameters, 

with the exception of the level of phosphorus between 
the 6th  and 7th  measurement with the HDC dialysis 
technique (p = 0.03) and the calcium level between 
the 3rd  and 4th  measurement with the HDF dialysis 
technique (p = 0.023) (Tables 3 and 4).

Table 3: Comparison of the means of some biological parameters 
studied in patients on hemodiafiltration dialysis, comparison 
of the groups was led by Wilcoxon or Mann–Whitney test for 
the means
Biological parameter Mean p
PTHi

PTHi1‑PTHi2 247.36–402.59 0.091
PTHi2‑PTHi3 402.59–437.80 0.625
PTHi1‑PTHi3 247.36–437.80 0.193

CRP
CRP1‑CRP2 12.53–11.62 0.530
CRP2‑CRP3 11.62–12.85 0.755
CRP3‑CRP4 12.85–11.27 0.469
CRP4‑CRP5 11.27–8.65 1.000
CRP5‑CRP6 8.65–12.43 0.505
CRP6‑CRP7 12.43–10.50 0.498
CRP1‑CRP7 12.53–10.50 1.000

Phos
Phos1‑Phos2 31.53–35.56 0.125
Phos2‑Phos3 35.56–30.95 0.530
Phos3‑Phos4 30.95–38.33 0.410
Phos4‑Phos5 38.33–58.93 0.451
Phos5‑Phos6 58.93–37.75 0.076
Phos6‑Phos7 37.75–32.33 0.438
Phos1‑Phos7 31.53–32.33 0.590

Albu
Albu1‑Albu2 37.19–37.51 0.191
Albu2‑Albu3 37.51–36.50 0.371
Albu1‑Albu3 37.19–36.50 0.850

CA
CA1‑CA2 88.36–88.74 0.147
CA2‑CA3 88.74–88.38 0.551
CA3‑CA4 88.38–91.56 0.023
CA4‑CA5 91.56–89.19 0.977
CA5‑CA6 89.19–87.56 0.162
CA6‑CA7 87.56–86.86 0.150
CA1‑CA7 88.36–86.86 0.752

PTHi: Parathormone, CRP: C‑reactive protein, Phos: Phosphorus, Albu: Albumin, CA: Calcium.

We thus carried out univariate and multivariate 
analyzes to determine the factors which may be 
associated with a variation in the parameters of 

Table 4: Comparison of the means of some biological parameters 
studied in patients on hemodialysis dialysis, comparison of 
the groups was led by Wilcoxon or Mann–Whitney test for the 
means
Biological parameter Mean p
PTHi

PTHi1‑PTHi2 296.01–338.18 0.765
PTHi2‑PTHi3 338.18–495.97 0.469
PTHi1‑PTHi3 296.01–495.97 0.297

CRP
CRP1‑CRP2 17.07–7.61 0.052
CRP2‑CRP3 7.61–4.82 0.438
CRP3‑CRP4 4.82–18.28 0.886
CRP4‑CRP5 18.28–4.43 0.529
CRP5‑CRP6 4.43–7.72 0.059
CRP6‑CRP7 7.72–22.58 0.833
CRP1‑CRP7 17.07–22.58 0.673

Phos
Phos1‑Phos2 37.56–33.06 0.615
Phos2‑Phos3 33.06–40.41 0.068
Phos3‑Phos4 40.41–37.44 0.678
Phos4‑Phos5 37.44–41.36 0.235
Phos5‑Phos6 41.36–32.60 0.446
Phos6‑Phos7 32.60–45.29 0.031
Phos1‑Phos7 37.56–45.29 0.219

Albu
Albu1‑Albu2 36.38–42.20 0.206
Albu2‑Albu3 42.20–36 0.500
Albu1‑Albu3 36.38–36 0.500

CA
CA1‑CA2 85.11–87.06 0.868
CA2‑CA3 87.06–85.76 0.889
CA3‑CA4 85.76–88.29 0.170
CA4‑CA5 88.29–87.69 0.977
CA5‑CA6 87.69–88.08 0.343
CA6‑CA7 88.08–86.11 0.439
CA1‑CA7 85.11–86.11 0.447

PTHi: Parathormone, CRP: C‑reactive protein, Phos: Phosphorus, Albu: Albumin, CA: Calcium.
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phosphocalcic metabolism depending on the technique 
used. The results of the univariate analysis showed that 
only the initial nephropathy factor other nephropathy-
vascular nephropathy (p = 0.028; OR = 0.060; IC95% 
[0.004−0.734]) and nephropathy factor diabetic 
nephropathy-vascular nephropathy (p = 0.011; 
OR  =  0.050; IC95% [0.004−0.508]) were associated 
with the aforementioned variation.

The same factors also emerge in the multivariate 
analysis: other nephropathy-vascular nephropathy 
(p =  0.034; OR = 0.044; IC95% [0.002−0.791]) and 
diabetic nephropathy-vascular nephropathy (p = 0.009; 
OR = 0.032; IC95% [0.002−0.429]) (Table 5).

Discussion

In this study, we were interested in 
comparing the impact of conventional hemodialysis 

and hemodiafiltration techniques on the evolution of 
certain parameters of phosphocalcic metabolism in 
chronic hemodialysis patients from the first Agadir 
medico-surgical center. Several parameters were thus 
evaluated. Our population was made up of 41.2% 
women and 58.8% men. Their average age was 55 ± 
11 years. In addition, 82.3% of cases were normal build, 
11.7% of cases were overweight, and 6% of cases were 
moderately obese. Our data showed that 52.91% of our 
patients were treated by conventional hemodialysis, 
the others (47.1%) by hemodiafiltration. In addition, 
29.4% of cases were Group B, the same percentage 
is found for patients with blood Group  AB, 26.5% 
were blood Group A, and finally 14.7% of cases were 
blood Group O. The distribution of patients according 
to nephropathy causing chronic renal failure showed a 
predominance of diabetic nephropathy (32.3%) followed 
by vascular pathology in ten patients or 29.4% of cases.

We evaluated the change in the means of 
parathyroid hormone, calcium, phosphorus, albumin, 
and C reactive protein levels, over time depending 

Table 5: Univariate and multivariate analyzes of the factors associated with the variation of some biochemical parameters in dialysis 
patients. Binary logistic regression model

n(%) Univariate analysis Multivariate analysis
p OR CI 95% p Adjusted OR IC 95%

Inf Sup Inf Sup
Gender

Male 
Female 20 (58.8)

1 
0.327 2.000 0,500 8.00 

 
‑ ‑ ‑ ‑

Age 0.523 1.020 0.9603 1.08  ‑ ‑ ‑ ‑
Weight 0,265 0.972 0,925 1,02  ‑ ‑ ‑ ‑
height 0,051 6,65.10‑5 4,19.10‑5 1,05  ‑ ‑ ‑ ‑
Blood group

B‑A 0.500 1.875 0.302 11.63
‑ ‑ ‑ ‑

AB‑A 0.809 1.250 0.205 7.62 ‑ ‑ ‑ ‑
O‑A   0.579 1.875 0.204 17.27 ‑ ‑ ‑ ‑

Right‑handed/left‑handed 0.995 1.47.107 0.000 Inf ‑ ‑ ‑ ‑
Initial nephropathy 1

Other nephropathy‑Vascular nephropathy 0.028 0.060 0.004 0.734 0.034 0.044 0.002 0.791
Diabetic Nephropathy‑Vascular Nephropathy 0.011 0.050 0.004 0.508 0.009 0.032 0.002 0.429

Diaphragm type
1,7m2‑2,1m2

1
1.000 1.000 0.0335 29.81

‑ ‑ ‑ ‑

1,4m2‑2,1m2 0.589 0.500 0.040 6.17
Dialysis seniority 0.584 0.969 0.866 1.08 ‑ ‑ ‑  ‑
Calcemia

CA1 0.422 0.975 0.916 1.04 ‑ ‑ ‑  ‑
CA2 0.511 0.969 0.883 1.06 ‑ ‑ ‑  ‑
CA3 0.395 0.965 0.8904 1.05 ‑ ‑ ‑  ‑
CA4 0.257 0.949 0.868 1.04 ‑ ‑ ‑  ‑
CA5 0.711 0.988 0.929 1.05 ‑ ‑ ‑  ‑
CA6 0.871 1.007 0.924 1.10 ‑ ‑ ‑  ‑
CA7 0.867 0.990 0.885 1.11 ‑ ‑ ‑  ‑

Phosphoraemia
Phospho 1 0.162 1.045 0.982 1.11 ‑ ‑ ‑  ‑
Phospho 2 0.555 0.928 0.928 1.04 ‑ ‑ ‑  ‑
Phospho 3 0.141 1.037 0.9882 1.09 ‑ ‑ ‑  ‑
Phospho 4 0.881 0.997 0.955 1.04 ‑ ‑ ‑  ‑
Phsopho 5 0.478 0.994 0.976 1.01 ‑ ‑ ‑  ‑
Phospho 6 0.234 0.945 0.861 1.04 ‑ ‑ ‑  ‑
Phospho 7 0.161 1.068 0.973 1.17 ‑ ‑ ‑  ‑

Albuminemia
Albu 1 0.483 0.923 0.737 1.15 ‑ ‑ ‑  ‑
Albu 2 0.395 1.096 0.887 1.36 ‑ ‑ ‑  ‑
Albu 3 0.795 0.902 0.416 1.96 ‑ ‑ ‑  ‑

Parathormone
PTHi1 0.528 1.001 0.998 1.00 ‑ ‑ ‑  ‑
PTHi 2 0.612 0.999 0.997 1.00 ‑ ‑ ‑  ‑
PTHi 3 0.704 1.001 0.997 1.00 ‑ ‑ ‑  ‑

CRP
CRP1 0.582 1.009 0.977 1.04 ‑ ‑ ‑  ‑
CRP2 0.259 0.957 0.886 1.03 ‑ ‑ ‑  ‑
CRP3 0.103 0.914 0.821 1.02 ‑ ‑ ‑  ‑
CRP4 0.617 1.005 0.985 1.03 ‑ ‑ ‑  ‑
CRP5 0.097 0.893 0.781 1.02 ‑ ‑ ‑  ‑
CRP6 0.362 0.963 0.889 1.04 ‑ ‑ ‑  ‑
CRP7 0.492 1.013 0.997 1.05 ‑ ‑ ‑  ‑

n: number ; %: percentage; p: P value; OR: Odds Ratio; Inf: Inferior; Sup: Superior; CI 95%: 95% Confidence Interval, 1 represents the reference group CI.
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on the dialysis technique used. Our results show no 
statistically significant difference in the evolution of the 
levels of the various parameters studied as a function 
of time, with the exception of the level of phosphorus in 
the blood between the 6th and 7th measurement with the 
HDC dialysis technique (p = 0.03) and the calcium level 
between the 3rd  and 4th  measurement with the HDF 
dialysis technique (p = 0.023) (Table 4).

We thus carried out univariate and multivariate 
analyzes to determine the factors associated with a 
variation in the parameters of phosphocalcic metabolism 
depending on the technique used. The results of the 
univariate analysis showed that only the initial nephropathy 
factor other nephropathy-vascular nephropathy (p = 0.028; 
OR = 0.060; IC95% [0.004−0.734]) and nephropathy 
factor diabetic nephropathy-vascular nephropathy 
(p =  0.011; OR=0.050; IC95% [0.004−0.508]) were 
associated with this variation.

The same factors also emerge in the multivariate 
analysis: other nephropathy-vascular nephropathy 
(p =  0.034; OR = 0.044; IC95% [0.002−0.791]) and 
diabetic nephropathy-vascular nephropathy (p = 0.009; 
OR = 0.032; IC95% [0.002−0.429]) (Table 5).

By comparing the age of our patients, which 
varied between 18 and 75  years, with an average 
age of 55 ± 11  years, with the data of the literature, 
we found that our population has a younger age 
than that described in the study by Oates et al. who 
reported an average age of 68, and in the series by 
Van der Weed et al. who described an average age of 
64 [21],  [22]. Furthermore, in our series, we found a 
female predominance with 20 women for 14 men, i.e. 
a sex ratio of 0.7. The opposite was found in the study 
by Oates and that of Van der Weed et al. where a male 
predominance was noted in 54% of cases with a sex 
ratio of 1.3. The same was true in the Van der Weed 
et al. study, with a sex ratio of 1.5 [21], [22].

We were also interested in comparing the 
evolution of the averages of the parameters involved in 
calcium phosphate metabolism with the literature. We 
started by comparing the mean parathormone (PTH) 
which was 440 ng/l ± 266 for HDF and 364 ng/l ± 266 
for HDC, with a statistically non-significant difference 
(p = 0.3). This is found in the series by Oates et al. with 
PTH means of 269 ng/l ± 45 in HDF and 256 ng/l ± 44 
in HDC, and in the series by Van der WEED et al. with 
PTH means 193 g/l in HDF and 194 ng/l in HDC [21].

Regarding serum calcium, in our series, the 
average HDF serum calcium was 87.4 mg/dl ± 6.9 and 
86.4  mg/dl ± 6.9 in HDC with p = 0.6. This average 
is close to those of the studies by Richard et al., and 
Oates et al., 2010 [21]. Indeed in the study by Richard 
et al., the average serum calcium in HDF was 94 mg/l, 
and that in HDC was 93  mg/l with a non-significant 
difference (p = 0.6) [23]. In the study by Oates et al., the 
average serum calcium in HDF was 92 mg/l and that in 
HDC was 97 mg/l with a non-significant difference.

Concerning phosphoremia, in our series, 
the mean HDF phosphoremia was 38.23  mg/l ± 10 
and the mean HDC was 41.36  mg/l ± 9, with a non-
significant p. In the study by Richard et al., the mean 
HDF phosphoremia was 48 mg/l ± 2, and the mean HDC 
was 49 mg/l ± 3 with also a non-significant difference 
(p = 0.7) [23].

As for C-reactive protein (CRP), which is 
protein that reflects inflammation and rises very quickly 
during inflammatory processes. The normal value is 
between 0 and 10 mg/dl. In our series, the average CRP 
in HDF was 5.9 mg/dl ± 4 and the average in HDC was 
4.96 mg/dl ± 2 with a non-significant p (p = 0.4). The 
study by Oates et al., for example, described an average 
CRP in HDF equal to 9 mg/dl and that in HDC equal to 
7 mg/dl with a non-significant difference as well [21].

Finally, concerning the initial nephropathy, 
in our series, diabetic nephropathy was the leading 
cause of chronic hemodialysis with 32.3%, followed by 
vascular pathology with 29.4% of cases. This result is 
comparable to that found in the study by Oates et al., 
with initial diabetic nephropathy present in 35.3% of 
cases, whereas in the study by Van der Weed et al., it 
was only present in 21% of cases [21], [22]. Vascular 
pathology was responsible for 29% of cases.
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