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Abstract

Background and aim. In spite of numerous interventions, the control of mineral
disturbances remains poor in end-stage renal failure (ESRF) patients. Chronic kidney
disease - mineral and bone disorders (CKD-MBD) represent an important cause of
mortality and morbidity. The aim of this study is to analyze the relationship between
mineral and bone disorders (MBD) and their components impact on all-cause mortality
and cardiovascular (CDV) mortality and morbidity in chronic dialysis patients.

Methods. This prospective study was carried out in a cohort of 92 randomly
selected patients with ESRF treated with hemodialysis (HD) and peritoneal dialysis
(PD). The data regarding demographic and clinical characteristics were recorded,
including vascular disease (coronary, cerebral, peripheral). The follow-up lasted 40
months and the final evaluation included the number and causes of deaths, CDV events
and disease. Serum Ca, P ALP, iPTH, albumin, cholesterol, urea and creatinine levels
were measured. The plain radiographic films of hands and pelvis evaluated all bone
abnormalities suggestive of renal osteodystrophy (ROD) and peripheral vascular
calcification (VC).

Results. All-cause annual mortality represented 9.25% in HD and 9.09% in PD
patients. The CDV mortality represented almost 44% in HD patients and 66% in PD
patients from all deaths. There was a high prevalence of CDV diseases and events. High
and low serum P levels were associated with a worse survival rate. Hypercalcaemia
was associated with high risk for CDV events in HD patients. In PD patients, the
relationship between increased ALP levels and all-cause mortality was significant.
Other mineral markers were not predictive of the outcome in the studied patients. In
the HD patients the severity of VC was associated with all-cause and CDV mortality,
and with CDV events. Male gender, hypercholesterolemia, decreased URR, albumin
and creatinine were identified as risk factors for all-cause mortality. The diabetics had
higher death rates. Low dialysis efficacy represented a risk factor for mortality and
CDV diseases and events. In PD patients, low albumin induced a higher death rate. In
PD patients the death rate was similar to HD patients.

Conclusion. All-cause mortality was higher than in general population, but
lower than the chronic dialysis patients’ mortality reported in other studies. The
death rates in HD and PD patients were similar. VC and serum P levels influenced
the outcome in the HD patients — increased the risk for all-cause and CDV mortality,
but also for CDV events. ALP levels influenced outcome in PD patients. There were no
significant differences between HD and PD patients regarding outcome.
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Introduction

Every year, worldwide, millions of people die as a
result of renal failure. Although maintenance dialysis prevents
death from uremia, patient survival remains an important
issue. When kidney function deteriorates, it significantly
affects the regulation of calcium (Ca) and phosphorus (P)
balance. In spite of numerous interventions, the control of
mineral disturbances remained low in end-stage renal failure
(ESRF) patients. The most recent guidelines proposed
by the “Kidney Disease: Improving Global Outcomes”
(KDIGO) foundation introduced the term “chronic kidney
disease - mineral and bone disorders” (CKD-MBD), in the
attempt to bring together alterations in mineral metabolism
markers, renal osteodystrophy (ROD) and vascular or
other soft tissue calcifications (VC). Every component of
CKD-MBD represents an important cause of mortality and
morbidity. These are considered modifiable risk factors [1,2].
Further research is considered still necessary regarding the
correlation between mineral markers, bone changes or VC
and outcome in ESRF patients. The screening for VC and
ROD is not yet recommended, but this subject is a matter
of debate. Further work is needed to establish what should
be the proper tests for this purpose. Mineral metabolism
disturbances occur very early in the course of CKD, they are
frequent in dialysis patients, but their control has been poor
[3]. Achievement of mineral control is difficult, emphasizing
the need to understand the relationship between mineral
disturbances and survival to make appropriate treatment
recommendations. Large observational studies associated
increased Ca, P, ALP or iPTH levels with high mortality risk
[4,5]. One of these studies demonstrated that the mineral
metabolism risk overcomes the risk induced by anemia or
low dialysis efficacy [2]. These results were not consistent
in all studies [5]. There is no consensus regarding this issue.
Cardiovascular (CDV) diseases are responsible for over
50% of mortality causes in dialysis patients. VC is prevalent
in dialysis patients. VC correlated with all-cause and CDV
mortality, CDV events and vascular disease [5-7]. ROD
manifests as bone pain and deformities and complicates
with fractures. Bone fractures have a demonstrated negative
impact on mortality in the general population and chronic
dialysis patients [8]. There are no available studies about
the relationship between ROD diagnosed on radiographs
and survival. Mineral metabolism markers, ROD and VC
were separately analyzed in relation to morbidity and
mortality. According to KDIGO, CKD-MBD is considered
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an etiopathogenetic entity [9].

Peritoneal dialysis (PD) patients are also affected
by these problems. Hypercalcemia influenced survival
in PD [10], but relationship between mineral markers,
morbidity and mortality was not studied enough. Valvular
calcifications were used for CDV risk stratification in PD
patients and they can identify the sickest PD patients with the
worst clinical outcomes [11]. Extraosseous manifestations,
especially VC, represent an important complication for the
patients treated by PD [12,13].

The study goal was to analyze the influence of each
CKD-MBD component on the outcome of patients with
ESRF under dialysis treatment. Outcome was represented
by all-cause mortality, CDV mortality, CDV events and
diseases. Confounding factors that can modify outcome
related to CKD-MBD were analyzed (age, gender, type
and duration of dialysis, baseline nephropathy, nutrition
-albumin, cholesterol, trygliceride, creatinine; hematological
status - Hb, ferritin; inflammation - CRP; dialysis adequacy
- urea, URR, spKt/V). General objectives were to assess
CKD-MBD influence on all-cause mortality and on CDV
mortality and morbidity in chronic dialysis patients.

Patients and methods

This longitudinal, prospective, analytical study was
carried out in a cohort of 92 randomly selected patients
with ESRD treated by iterative dialysis in Nefromed
Dialysis Center Cluj-Napoca. Eligibility criteria were
dialysis duration >6 months, age >18 years. Exclusion
criteria: neoplasm, severe infections or other terminal
diseases; parathyroidectomy, previous renal transplantation
or previous bone disease, patients who refused the
radiographic examination.

All patients underwent conventional (standard
bicarbonate) HD, 3 sessions a week, 4 hours a session with
synthetic polysulfone membranes. Calcium concentrations
in the dialysate were 1.25 mmol/L in 25 pts (30.8%), 1.5
mmol/L in 43 patients (53.1%) and 1.75 mmol/L in 8
patients (9.9%). They received calcium carbonate and
acetate as phosphate binders and vitamin D compounds
(calcitriol); the total amount of elemental calcium and
vitamin D ingested in the previous year were calculated.
Blood samples for the biochemical evaluation were drawn
prior to the dialysis session.

The CAPD patients had a regimen of 4 changes
a day, using Fresenius 1.5% glucose solution with Ca
concentration of 1.75 mmol/L in the last 3 months prior to
evaluation. Fasting venous blood was collected.
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The data regarding demographic and clinical
characteristics were recorded, including vascular disease
(coronary, cerebral, peripheral). Serum Ca, P, ALP and
iPTH levels were measured. The plain radiographic films
of the hands and pelvis evaluated all bone abnormalities
suggestive of ROD and peripheral VC. Digital, radial, iliac
and femoral arteries were examined for VC and a VC score
was calculated [5]. More data about the study design and
descriptive statistics could be found in previous publications
[14,15]. The follow-up lasted 40 months and the final
evaluation included: the number and causes of death ,
cardiovascular events and disease. In deceased patients
we calculated survival duration and rate. All-cause and
CDV mortality, CDV events, CDV diseases were recorded
for each group (HD and PD) and their prevalences were
calculated. CKD-MBD impact on all-cause mortality, CDV
mortality and events after 40 months of follow-up. Other
associated factors were analyzed. The comparison between
HD and PD groups regarding outcomes was performed.

Statistical analysis. According to the variable
distribution, Student’s #-test or the Mann—Whitney test was
used to compare the groups. Fisher’s exact test was applied
for proportion comparison. Logistic regression was applied
to determine the factors significantly associated with a VC
score < 2 or >2. Multiple regression analysis was applied
between outcome and the potentially associated factors.
The 40 months survival rate, according to the VC score,
was calculated using the Cox proportional hazard model
adjusted for age, sex and diabetes. Mortality was compared
stratifying the patients in the two groups according to lab
tests, different VC scores and the presence of ROD. We
analyzed survival through dichotomial method, comparing
characteristics of deceased patients and survivors, using t
and Mann-Whitney Rank Sum tests. Cox regression model
was used to identify independent variables associated
with all-cause (total) deaths, CDV deaths and events.
Covariates were age, gender, dialysis duration, presence
of diabetes mellitus (DM), serum Ca, P, ALP, iPTH, Hb,
albumin, CRP levels, URR, presence of ROD, vascular
disease at the begining of the study and VC score. Cox
regression estimated the relative risks for deaths and CdV
events. Survival analysis was performed with log-rank
test, survival curves were represented with Kaplan-Meier
curve. Statistical significance threshold was considered
p<0.05. Statistical analysis was performed using SPSS
13.0 program. The study was approved by the Ethical
Committee of our University and is in accordance with
the ethical standards of the Declaration of Helsinki. Each
patient signed an informed consent.

Results

Of the total 92 patients, 28 (30.43%) deceased,
whichcorresponds to 9.13% annual mortality.

HD group consisted of 35 females and 46 males.
There were 10 patients with diabetes mellitus (DM). The

treatment received was as follows: 72 patients (88.9%) took
calciumsalts and 43 patients (53%) vitamin D compounds.
The mean cumulated doses receivedin the previous year
were: 311+175.76 g for oral elemental calcium and

31.86+54.66 mcg for vitamin D derivates. No
patient received aluminum containing agents. In the CAPD
group there were 8 males and 2 diabetics.

1) HD group analysis

After 40 months, 25 (30.86%) of the total of 81 HD
patients deceased. Annual all-cause mortality was 9.25%.
In 11 patients the causes of death were represented by
CDV diseases: myocardial infarction (3 patients), stroke (3
patients), sudden death (2 cases) and cardiorespiratory arrest
(3 patients). Other non-CDV causes were sepsis (4 patients),
cirrhosis, digestive bleeding, internal haemorrhage, cancers
or unknown. CDV mortality was 13.5%. A CDV cause was
identified in 44% of deaths. We registered 29 CDV events
(35.8%) from which 11 were fatal and 18 were non-fatal.
Baseline CDV diseases were_identified in 38 patients
(46.91%); 33 patients had coronary, 2 patients had cerebral
and 4 patients had peripheral diseases. At the end of the
follow-up CDV diseases were identified_in 47 patients
(58%); 38 patients had coronary, 10 patients had cerebral
and 6 patients had peripheral diseases.

CKD-MBD and other factors associated with all-
cause mortality were analyzed after 40 months of follow-
up. In the dichotomial analysis, the deceased patients group
had a higher mean VC score than the survivors mean VC
score (p=0.007). Deceased patients group presented higher
number of diabetic patients (p=0.009), serum cholesterol
levels (p=0.001) and lower HD vintage (p=0.02), serum
albumin (p=0.048), creatinine (p=0.02), spKt/V (p=0.02),
URR (p=0.008) (Table I).

We compared the number of deaths registered in the
group of patients without treatment with calcium salts (3
deaths in 8 untreated patients group) with the number of
deaths registered in the group of patients with calcium salts
treatment (22 deaths in 73 treated patients) — difference
was not statistically significant (p=0.69). The rate of deaths
registered in the group of patients not treated with vitamin
D (14 deaths in 38 untreated patients) was not statistically
different compared with the number of deaths in vitamin
D treated patients group (11 deaths in 43 vitamin D treated
patients) (p=0.39).

Kaplan-Meier analysis of the relation between
mineral markers and survival was performed after a
stratification with the cut-off values recommended in K/
DOQI guidelines. Survival was compared between groups
with low, normal and high Ca, P, iPTH values. All-cause
mortality was not influenced by the serum levels of Ca
(p=0.67) and iPTH (p=0.54). The serum P levels had a
significant influence on all-cause mortality. Three patients
(75%) with P<3.5 mg/dl, 6 patients (19.4%) with P=3.5-
5.5 mg/dl and 16 patients (34.8%) with P>5.5 mg/dl died
(p=0.003) (Figure 1).
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Table I. Comparison between the deceased and survivors groups.

HD deceased (25 patients) | HD survivors (56 patients) P
Age (years) 58.32+11.61 55.94+12.14 0.28
HD vintage (months) 42.20+52.66 54.76+46.38 0.02
Gender (% males) 18 (72%) 28(50%) 0.10
DM 8 (32%) 2(3.57%) 0.0009
ROD 20 (80%) 33 (58.92%) 0.49
VC score 4.88+3.12 2.66+2.82 0.007
Ca in HD solution 1.42+0.15 1.45+0.15 0.54
Oral Ca salts 276.65+£175.69 325.63+175.37 0.26
Vitamin D 19.52+34.42 37.09+60.79 0.31
Ca (mg/dl) 8.36+0.96 8.07+1.10 0.32
P (mg/dl) 6.24+2.24 5.99+1.52 0.79
ALP (U/1) 311£195.13 281.10£175.21 0.60
iPTH (pg/ml) 607.74+649.55 612.01+£655.50 0.84
Creatinine (mg/dl) 9.47+2.69 10.98+2.78 0.02
Albumin (mg/dl) 3.89+0.60 4.18+0.33 0.04
CRP (mg/dl) 1.37<1.17 1.22+1.45 0.10
Cholesterol (mg/dl) 195.84+48.93 163.29+33.9 0.001
Trygliceride (mg/dl) 193.16+214.27 139.23+65.47 0.22
URR 64.21+9.20 67.98+9.57 0.008
spKt/V 1.26+0.22 1.35+0.23 0.02
Hb (g/dl) 10.76+1.25 11.25+1.64 0.15
Ferritin (ng/ml) 539+288.59 821.54+713.36 0.15

Legend: HD=hemodilysis; DM=diabetes mellitus; ROD=renal osteodystrophy; VC=vascular
calcification; Ca=calcium; P=phosphorus; ALP=alkaline phosphatase; iPTH=intact parathyroid
hormone; CRP=C-reactive protein; URR=urea reduction ratio; spKt/V=dialysis adequacy and

Hb=hemoglobin.
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Figure 1. The relation between phosphorus (P) and all-cause mortality

(p=0.003).
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In order to evaluate the relationship between VC
severity and all-cause mortality, we created two groups of
patients according to VC scores. Since the VC score was >2,
the VC — all-cause mortality relationship was statistically
significant (Figure 2). From the total of 25 deceased patients,
4 patients (13.3%) had a VC score <2 and 21 patients
(41.17%) had a VC score >2 (p=0.01). The relative risk was
27.83%. Univariate analysis of the relation between ROD
and all-cause mortality was not significant (p=0.63). Kaplan-
Meier analysis was also not significant (p=0.29).

Multivariable Cox analysis for all-cause mortality
used as covariates age, gender, HD vintage, presence of
DM, VC score, presence of ROD, Ca in dialysis solution,
oral Ca salts, vitamin D treatment, serum Ca, P, iPTH, ALP,
creatinine, Hb, cholesterol, trygliceride, CRP, albumin,
ferritin levels, URR, spKt/V baseline renal disease, initial
CdV disease. The method was Backward LR stepwise.
Variables which remained in the equation were male gender
(HR=14.96; 95%CI=2.09-106.98; p=0.007); VC score
(HR=1.30; 95% CI=1.05-1.59; p=0.01); P (HR=1.66; 95%
CI=1.14-2.43; p=0.008); URR (HR=0.93; 95% CI=0.88-
0.98; p=0.01); Albumin (HR=0.27; 95% CI=0.08-0.89;
p=0.03); Cholesterol (HR=1.03; 95% CI=1.01-1.04;
p<0.001); Creatinine (HR=0.53; 95% CI=0.38-0.72;
p<0.001). Male gender, increased VC score, P, Chol and
decreased URR, albumin, creatinine represent risk factors
for all-cause mortality.

CKD-MBD impact on CDV mortality after 40 months
of follow-up. Other factors associated with CDV mortality.

CDV mortality was not influenced by the serum levels
of Ca (p=0.09) and iPTH (p=0.26). The serum P levels had
a significant influence on CDV mortality. 2 patients (50%)
with P<3.5 mg/dl, 2 patients (6.5%) with P=3.5-5.5 mg/dl
and 7 patients (15.2%) with P>5.5 mg/dl died (p=0.001)
(Figure 3). The relation between VC severity and CDV
mortality was analyzed. One of 30 patients (3.33%) with VC
score<2 and 10 of 51 patients (19.60%) with VC score >2
died (p=0.04). The relative risk of CDV death was 16.27%.
In order to evaluate the relationship between VC severity and
CDV mortality, we created two groups of patients according
to VC scores. Since the VC score was >2, the VC — CDV
mortality relationship was statistically significant (Figure
4). Univariate analysis of the relation between ROD and
CDV mortality was not significant (p=0.98). Kaplan-Meier
analysis was also not significant (p=0.76).

Multivariable Cox analysis of CdV mortality used
as covariates age, gender, HD vintage, presence of DM,
VC score, presence of ROD, Ca in dialysis solution, oral
Ca salts, vitamin D treatment, serum Ca, P, iPTH, ALP,
creatinine, Hb, cholesterol, trygliceride, CRP, albumin,
ferritin levels, URR, spKt/V baseline renal disease, initial
CdV disease. The method was Forward LR stepwise.
VC score (HR=1.387; 95.0% CI 1.095-1.757; p=0.007)
and URR (HR=0.942; 95.0% CI 0.888-0.999; p=0.046)
remained in the ecuation. Increased VC score and decreased
URR represent risk factors for CDV mortality.
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Figure 2. All-cause mortality— comparison between the groups with a vascular
calcifications (VC) score<2 and with VC score>2. Survival was 86.7% vs
58.8% (log-rank Mantel-Cox =5.956; p=0.015).
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Figure 3. The relation between phosphorus (P) and cardiovascular mortality
(p=0.001).
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Figure 4. Cardiovascular mortality— comparison between the groups with a
vascular calcification (VC) score<2 and with vascular calcification (VC)

score>2 (log-rank Mantel-Cox =4.343; p=0.037). Survival was 86.7% vs
58.8%.
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2) PD group analysis

After 40 months, 3 out of all 11 PD patients
deceased. All-cause mortality was 27.27% in 40 months
(9.09% per year). Two patients died of CDV causes (1
due to myocardial infarction and 1 due to stroke), which
represent 66.66% of death causes. One died of unknown
cause. CDV mortality was 18.18%. In PD patients,
increased serum ALP levels were associated with increased
all-cause mortality (p=0.007).

We compared the group of HD with the group of
PD patients regarding characteristics and outcome. In
HD patients, serum P, creatinine, albumin and ferritin were
significantly higher than in PD patients group. Gender, the
presence of DM and ROD were not different (Table II).

All-cause mortality (P=0.72) and CDV mortality
(P=0.65) and events (p=0.37) were similar in both groups.

Table I1. Comparison between the characteristics of HD and PD groups.

Characteristics HD (81 patients) | PD (11 patients) p
Age (years) 56.68+12.04 56.82+7.80 0.97
HD vintage (months) 50.89+48.43 40.09+20.90 0.90
VC score 3.35+3.08 4.00+2.72 0.44
Ca (mg/dl) 8.16+1.07 8.81+0.71 0.053
P (mg/dl) 6.06+1.77 4.92+0.77 0.0008
iPTH (pg/ml) 610.70+649.61 309.55+201.8 0.28
ALP (U/1) 290.19+180.76 249.27+228.35 0.055
Creatinine (mg/dl) 10.52+2.82 8.77+1.83 0.02
Hb (g/dl) 11.10+1.54 10.55+2.18 0.65
Cholesterol (mg/dl) 173.46+41.80 198.36+40.34 0.07
Trygliceride (mg/dl) 156.09+132.33 153.36+43.31 0.38
CRP (mg/dl) 1.27+£1.37 0.87+0.73 0.34
Albumin (g/dl) 4.09+0.45 3.61+0.32 0.0003
Ferritin (ng/ml) 733.26+624.91 374.20+571.88 0.008
Survival (months) 28.33+10.34 30.27+8.65 0.44

Legend: HD=hemodialysis; PD=peritoneal dialysis; VC=vascular calcification;
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Ca=calcium; P=phosphorus; ALP=alkaline phosphatase;

iPTH=intact

parathyroid hormone; Hb=hemoglobin and CRP=C-reactive protein.

Discussion

All-cause mortality in our studied chronic dialysis
patients group (HD and PD) was increased (9.13%
per year) compared to the known data for the general
population (5.5% per year), but lower compared to
mortality in patients with pre-dialysis CKD (17.7% per
year) and chronic dialysis (>20% per year) reported in
other studies [16]. One possible explanation for the fact
that dialysis patients in the present study had better survival
than other patients on dialysis could be that the population
was involuntarily selected - of all dialysis patients in our
dialysis center, the ones who agreed to undergo X-rays
and to participate in the study had a better performance,
those harder to mobilize did not participate to the study.
Other explanations are the demographic characteristics of
the studied population: younger patients, fewer diabetics,
different lifestyles, compared with other studies [17]. CDV
mortality represented 44% from all causes of mortality, a
result which concords with literature data [18]. CDV events
and diseases had high prevalence, even higher than in other

studies [5]. In several studies, all-cause mortality was
associated with increased Ca, P, ALP, iPTH values [2,6],
in others was associated with decreased values of these
parameters. It is suggested that iPTH relationship with
mortality might scored on a J or U-shaped curve [19,20].
Large, observational studies conclude that low and high Ca,
P and iPTH values are associated with increased risk of all-
cause and CDV mortality [20].

In our study on chronic HD patients, among all
mineral markers, only P was associated with all-cause
and CDV mortality, in a J-shaped pattern. Association
of the risk with hypophosphatemia could be due to
malnutrition [2,21,22]. Yet, multivariate analysis showed
that hyperphosphatemia could be considered a risk factor
for all-cause mortality. This result is concordant with other
studies, hyperphosphatemia having the highest impact on
mortality among mineral markers [20-22].

Several studies have drawn attention over the
association between high serum Ca and CDV morbidity
[23,24]. In our research, serum Ca was associated with a
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higher number of CDV events. Multivariate analysis
identified as risk factors for CdV events increased VC
score and low URR. Relationship between VC and CDV
events was demonstrated by other studies also [2,5].

Advanced age was a risk factor for the presence of
CDV disease at the beginning of the study. For the presence
of CDV disease at the end of the study, the risk factors
were the advanced age and low URR. Age is a recognized
CDV risk factor, which is why it is called traditional.
Another risk factor for CdV disease at the end of follow-
up was ineffective dialysis. Although other researches
demonstrated a link between MBD and CDV morbidity
assessed through CDV hospitalizations [5], in our study,
MBD (MM, VC and ROD) did not have a significant
relationship with CDV disease at the beginning and the end
of the study.

Among CKD-MBD in HD patients, VC had the
most consistent influence on outcome— all-cause and CDV
mortality and CDV events. VC were extensively studied
in the last years [25,26]. VC had been associated with
mortality, regardless of imagistic test used for detection
[27]. Radiograph had proofed to be useful in detecting VC
[23,28]. The results of our research are in concordance
with these results. Some studies demonstrated that VC can
predict the CDV mortality risk in non-renal population
[27,29], but, especially in patients with renal failure on
HD treatment [30,31] and on PD [11,12]. Several studies
demonstrated that VC represent a link between renal and
CDV diseases [17,32,33]. VC can predict ischemic coronary
disease and CDV events in general population and in renal
population [34,35], but our study did not detect a significant
relationship between VC presence and CDV diseases.

The main complication of ROD is represented by
fractures, which is a risk factor for mortality in dialysis
patients [36,37]. In this study, there was no evidence that
ROD was a prognostic factor in HD patients.

Other risk factors for all-cause mortality were
male gender, high cholesterol and low levels of albumin,
creatinine and URR. Malnutrition (lower albumin and
creatinine) is another risk factor for mortality; inverse
epidemiology was not confirmed [19] regarding cholesterol
values. The explanation could be that high cholesterol does
not have a protective effect in dialysis patients and only low
cholesterol is associated with malnutrition - inflammation
syndrome. Low HD adequacy was a risk factor for all-cause
and CDV mortality. Paradoxically, all-cause mortality
was higher in patients with short HD vintage — those who
started HD treatment in the last 5 years (especially in the
last 2 years) were sicker because of increasing the access
to the treatment. Ten years or more ago, the patients who
could benefit of chronic dialysis were carefully selected
because of low availability of dialysis. They were young
and without comorbidities. The presence of DM was
detected as another mortality risk factor, similar to other
studies [18,38]. Mortality in patients treated with Ca salts

or vitamin D compounds was not significantly different
comparing with untreated HD patients.

In PD patients, all-cause mortality was similar to
that of HD patients and CDV death was the main cause.
Increased ALP levels were predictive factors for mortality
in chronic HD patients [39], but there are no relevant
studies yet regarding this link in PD patients. All-cause
mortality was higher in patients with increased ALP levels
and decreased albumin levels. Some authors detected
associations hypocalcemia and CDV morbidity and
between hyperphosphatemia and the CDV mortality in PD
patients. Also, the CDV calcifications had been recognized
as risk factors for all-cause and CDV mortality [12]. In our
study, mineral markers, VC and ROD did not influence the
outcome in PD patients.

The groups of HD and PD patients were compared.
Serum P, creatinine, albumin and ferritin levels were
significantly higher in HD patients than PD patients.
Similar results were communicated by other research
groups also [40,41]. Increased P and creatinine levels seem
to be the consequence of the anuria and the intermitency
of HD prescription. Decreased serum albumin levels are
a sign of protein malnutrition which is more prevalent
in this category of patients. The other parameters were
not significantly different between the two groups. The
modality of dialysis was associated with an increased
risk of all-cause and CDV mortality, in some studies for
PD [42], in others for HD [43]. In our study there were
no significant differences regarding all-cause and CDV
mortalities or CDV events and diseases between HD and
PD groups, corresponding with the results of other studies
[44.,45].

There are some limitations of the present study that
should be considered. The PD patients group was too small
and any conclusions or comparisons with the HD group
restrain us to generalize the results. X-ray examination
cannot detect details about the extent of VC, as more
accurate techniques would.

Conclusions

All-cause mortality in the studied group (HD and
PD) was higher than in the general population, but lower
than mortality reported in other studies for dialysis patients.
Mortality rates in HD and DP patients were similar. CDV
mortality represented the main cause of death in HD and
DP patients. Hyperphosphatemia can predict the risk
for all-cause mortality in HD patients. Hypercalcemia
is associated with increased risk for CDV events in HD
patients. VC severity is correlated with clinical outcomes
and it represents a risk factor for all-cause mortality, CDV
mortality and CDV events in HD patients. In PD patients,
increased ALP was associated with all-cause mortality. VC
did not influence prognosis in PD patients. There were no
significant differences between all-cause and CDV mortality,
CDV events and disease comparing HD and PD groups.
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