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Abstract
The aim of the present study was the integrated assessment of the role of non-traditional factors (inflammation, malnutrition, 

calcium-phosphorus disorder and imbalance in the concentration of inducers and inhibitors of calcification) in forming 
cardiovascular calcification (CVC) and the structural-functional rearrangement of LV myocardium in patients with chronic kidney 
disease (CKD) receiving hemodialysis (HD).

Materials and Methods: The present study included 84 HD patients with CKD 5D stage. We evaluated 3 components of 
the Dialysis Malnutrition Score (DMS), according to which body mass index (BMI), the level of serum albumin, and the percent 
saturation of transferrin with iron were determined. We also analyzed CRP, fibrinogen, and beta-2 microglobulin, and calculated 
the number of points (from zero to 2) according to the Glasgow Prognostic Score (GPS), which allowed us to combine indicators 
of inflammation and make a common prognostic assessment.  

The serum levels of protein alpha-Klotho и FGF-23 were determined by enzyme immunoassay. Echocardiographic 
measurements were performed using B-mode, M-mode and Doppler-mode. Different patterns of LV geometry were identified 
according to Ganau et al. (1992). The severity of calcification was estimated by a semi-quantitative scale for assessing the degree 
of calcification of heart structures according to the National recommendations for CKD-MBD (2010). 

Results: The increased risk for development of CVC, LVH, and diastolic dysfunction was associated with markers of 
malnutrition, anemia, and inflammation in HD patients. Reduced serum alpha-Klotho level, hypoalbuminemia and a high level of 
FGF-23 had a prognostic value in CVC formation. (Int J Biomed. 2016;6(1):22-26.).
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Introduction
In recent years, the number of patients with end-stage 

renal disease (ESRD) who require renal replacement therapy 
(RRT) is increasing dramatically worldwide (KDIGO, 2012). 
The main cause of mortality among dialysis patients with 
ESRD is CVD, which occurs more often in patients receiving 

hemodialysis (HD), than in the general population [1]. The 
frequency of deaths from CVD is high among young dialysis 
patients, despite the fact that in the population cardiovascular 
mortality progresses with age [2]. Thus, ESRD has not only 
medical but also socio-economic significance, and thus requires 
researching and clarifying mechanisms of calcification to find 
new diagnostic methods and make predictive algorithms of 
CVC development in dialysis patients.

The increased risk of adverse CVD outcomes is largely 
due to calcification of heart valves and vessel walls, which is 
an element of CKD- mineral bone disorder (CKD-MBD) along 
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with the imbalance in the metabolism of calcium, phosphorus, 
parathormone (PTH) and bone tissue. Previously, the calcium-
phosphorus imbalance was estimated as renal osteodystrophy 
that was characterized by morpho-functional disorders of bone 
tissue, and then it was found that laboratory abnormalities in 
the metabolism of calcium, phosphorus and PTH levels are 
independent indicators of prognosis and are associated with 
the progression of CKD, cardiovascular complications and 
mortality [3,4].

Understanding the risk factors, etiology and 
pathogenesis of CKD–MBD has significantly improved 
due to data on known markers of mineral metabolism, and 
researchers have identified previously unknown factors that 
are components of renal failure. In addition to the previously 
known participants of the calcium-phosphorus homeostasis, 
new elements of metabolism are being studied, elements that 
could be involved in the process of CVC. In CKD patients, 
calcification is associated with both traditional risk factors, 
such as age, diabetes, hypertension, smoking, dyslipidemia, 
and non-traditional factors, including decreased GFR, 
anemia, hyperphosphatemia, secondary hyperparathyroidism 
(sHPT), inflammation, oxidative stress and imbalance in the 
concentration of inducers and inhibitors of calcification.

The aim of the present study was the integrated 
assessment of the role of non-traditional factors in forming 
CVC and the structural-functional rearrangement of LV 
myocardium in CKD patients receiving hemodialysis (HD).

Materials and Methods
The present study included 84 HD patients with CKD 

5D stage (45 male and 39 female; mean age 53.5±14.9 years). 
The study was conducted in accordance with ethical principles 
of the Declaration of Helsinki and approved by the Rostov 
State Medical University Ethics Committee. Written informed 
consent was obtained from all participants.

All HD patients received online hemodiafiltration 
treatments three times per week for 4-5h, with ultra-pure 
bicarbonate-based dialysate using a high flux polysulfone 
membrane. 

Exclusion criteria were age <18 or >80 years, pathology 
of the parathyroid glands, uncontrolled intake of vitamin D 
and/or calcimimetics, the history for drug and alcoholism, 
pathology of the bone tissue, mental disorders, kidney 
transplant. 

We evaluated 3 components of the Dialysis Malnutrition 
Score (DMS), according to which body mass index (BMI), 
the level of serum albumin, and the percent saturation of 
transferrin with iron were determined. We also analyzed 
CRP, fibrinogen, and beta-2 microglobulin, and calculated the 
number of points (from zero to 2) according to the Glasgow 
Prognostic Score (GPS), which allowed us to combine 
indicators of inflammation and make a common prognostic 
assessment [5].  

The serum levels of protein alpha-Klotho и FGF-23 
were determined by enzyme immunoassay. The average 
level of serum FGF-23 was 69.3±23.5 pg/ml, alpha-Klotho – 
460.4±141.3 pg/ml.

Serum levels of calcium, inorganic phosphorus, calcium-
phosphorus compositions, intact PTH (iPTH) were investigated. 
sHPT was defined as PTH level  >300 pg/ml;  hyperphosphatemia 
at the phosphate concentration >1.45mmol/l (the National 
recommendations for CKD-MBD, 2010).

Echocardiographic measurements were performed using 
B-mode, M-mode and Doppler-mode. Different patterns of LV 
geometry were identified according to Ganau et al. (1992). 

The severity of calcification was estimated by a semi-
quantitative scale for assessing the degree of calcification of 
heart structures according to the National recommendations 
for CKD-MBD (2010). Patients underwent plain radiography 
of the abdominal cavity in lateral projection for the assessment 
of abdominal aortic calcification (AAC). Calcification was 
assessed using Kauppila’s scale, which allowed us to assess 
the severity of calcification in the aorta at the level of the 
first through fourth lumbar vertebrae, and in the anterior and 
posterior walls of the aorta. Calcific densities were graded on 
a 0 to 3 scale at each lumbar vertebral segment. A score of 0 
denoted no aortic calcific deposits; 1, small scattered calcific 
deposits filled less than one-third of the longitudinal wall of 
the aorta; 2, one-third or more but less than two-thirds of the 
longitudinal wall of the aorta was calcified; and 3, two-thirds 
or more of the longitudinal wall of the aorta was calcified. A 
separate score was determined for the anterior and posterior aorta, 
and the values were summed across the 4 vertebrae, resulting in 
an AAC index that could range from 0 to 24 points [6]. 

Statistical analysis of data was performed using the 
software Statistica 6.0. The mean (M) and standard deviation 
(SD) were calculated. For data with normal distribution, 
inter-group comparisons were performed using Student's 
t-test. Comparisons between three groups were performed 
with the one-way ANOVA with Tukey’s post-hoc test. 
Group comparisons with respect to categorical variables are 
performed using χ2 tests. Linear and non-linear regression 
analysis, as well as logistic regression analysis was conducted. 
A probability value of P<0.05 was considered statistically 
significant.

Results
CVC was revealed in 42/50% of HD patients. Increased 

risk of calcification was detected in patients with low total 
protein (P=0.003).  A decrease in the level of total protein, 
even by 2 g/l, increased the risk of calcification by more 
than 5%. Low albumin levels significantly increased CVC 
risk (P=0.01).The average albumin level in patients with 
calcification was detected in the lower range (37.2±4.4 g/l) 
compared with patients without diagnosed calcification 
(39.7±3.9 g/l, p<0.01); this can be explained by the role 
of malnutrition in the development of calcification. Thus, 
malnutrition, specifically low levels of albumin and total 
protein, is associated with a rising risk of CVC.

Patients with calcification of heart valves had a higher 
pulse pressure compared with patients without calcification 
before (66.2±16.9 vs 58.5±12.3, respectively, P=0.02), during 
(65.1±14.4 vs 57.3±13.0, respectively, P=0.01) and after 
hemodialysis (62.9±13.3 vs 56.6±14.3, respectively, P<0.05) 
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and in the interdialytic period (63.4±19.6 vs 51.5±14.4, 
respectively, P<0.01).

The echocardiography performed in the interdialytic 
period showed that the increasing degree of calcification in 
HD patients increased the risk of LVH (P=0.03), likely due 
to the hemodynamic changes because of existing areas of 
calcification. According to the degree of calcification of cardiac 
structures by a semi-quantitative scale, a 2-point score leads to 
an increase in the probability of LVH up to 71.9%, and in cases 
of maximum severity, up to 91.9%. We identified a positive 
correlation between the severity of heart valve calcification 
and LVMI (an index of myocardial mass) (r=0.27, P=0.016). 
Among patients with diagnosed CVC, LVMI was higher than 
in patients without changes in the valves (132.8±31.4 and 
114.4±34.9 g/m2, respectively, P=0.02). Characteristics are 
presented in the Table 1. Furthermore, IVST and LVPWT 
had a positive correlation with the severity of calcification 
(r=0.329, P=0.01 and r=0.31, P=0.02, respectively).

LV remodeling was identified in 63/76.8% of HD patients. 
Concentric remodeling, concentric hypertrophy, and eccentric 
LVH were detected in 31/37.8%, 26/31.7% and 9/7.3% of 
patients, respectively. The diastolic dysfunction was identified 
in 70.4% of HD patients. An impaired relaxation pattern or 
grade 1 diastolic dysfunction was detected in 53/65,4% of 
patients and  pseudonormal mitral inflow pattern or grade 2 
diastolic dysfunction in 4/5,0% of patients. Restrictive filling 
dynamics (grade 3 and 4 DD) were not identified among the 
studied patients.

In the presence of cardiovascular calcification, the 
average DMS score was significantly higher (1.07±0.62 
points), whereas in patients without calcification it was 
0.40±0.57 points (P<0.01). One of the DMS components 
in HD patients is albumin; we found a significant negative 
correlation between the albumin level and LVMI (r=- 0.32, 
P=0.003). 

Parameters of systemic inflammation were associated 
with LVH; the increasing GPS score significantly increased 
the manifestation of LVH and an increase in left atrium size. 
The presence of high phosphorus and two GPS points in HD 
patients increased the risk of CVC up to 92.2%, whereas in 
patients with normal phosphorus and zero GPS points, the risk 

was only 11.5% (P<0.05). In CKD patients, CRP is a marker 
of an inflammatory response. However, the role of CRP as a 
predictor of the development of CVC is ambiguous.

 Logistic analysis showed that the increased CRP levels 
significantly increased the risk of CVC (P=0.04).

Patients with anemia had a larger LVPWT in comparison 
with patients with a normal range of hemoglobin (P=0.01). 
In patients with diagnosed CVC, hemoglobin level was lower 
than in the patients without calcification (P<0.01). Thus, the 
risk of CVC in patients with latent anemia amounted to 15.5%. 
In patients with the first degree of anemia, the probability of 
calcification was in the range of 15.5% to 36.6%; with the 
second degree, 37% to 64%; and with the third degree, more 
than 64.4% (P=0.03).

An increase in serum FGF-23 level and a decrease in 
serum alpha-Klotho level were identified in patients with 
progression of renal dysfunction. A negative correlation was 
established between the duration of dialysis and the alpha-
Klotho level (r=-0.325, P=0.006). When the alpha-Klotho 
concentration was about 800 pg/ml, CVC risk was minimal 
and amounted only 4%; a reduction in the protein level by 
50% increased the risk almost 6 times up to 23.3%, and a four-
fold decrease, up to 43.3%. While the level of alpha-Klotho 
was below 100 pg/ml, the probability of the aortic calcification 
was more than 50% (P=0.02). The gain of CVC risk also was 
found in patients with high serum FGF-23 level and persistent 
high rates of urea (P=0.048). The CVC risk increased in 
patients with hypoalbuminemia and rising levels of FGF-23 
(P=0.01). Thus, hypoalbuminemia with a high level of FGF-
23 had a prognostic value in CVC formation.

Discussion
Given that CKD is considered a disease, manifested not 

only as a mineral bone disorder, components of the system’s 
inflammatory response, malnutrition and anemia were 
analyzed to confirm the high risk of calcification in studied 
patients. It is known that protein-energy malnutrition is a 
predictor of mortality in patients with ESRD [7]. One of the 
most common markers of malnutrition is hypoalbuminemia 
[8]; low levels of this protein are involved in impeding the  
transport of calcium, phosphorus and other electrolytes, which 
can contribute to arterial calcification. We found that low 
serum albumin correlated with the severity of calcification. 
In addition, there was a negative correlation between the 
albumin level and the relationship between early diastolic 
mitral annular velocity (EA) and tissue Doppler diastolic 
velocity (Ea), which partially describes the participation of 
malnutrition in the development of DD in HD patients.

Inflammation is one of the fundamental 
pathophysiological phenomena associated with renal failure, 
particularly among patients receiving chronic HD [9,10]. L.Yan 
et al., in models on mice, found that an enhanced production 
of inflammatory cytokines induces the development of 
myocardial hypertrophy [11]. In addition, a few years earlier 
S.Barry described the role of proinflammatory chemokines in 
LVH formation [12].

In most patients (64.3%), we registered an increase in 

Table 1.
Characteristics of clinical status of HD patients with or without CVC

Criterion
Patients with

CVC-
(n=42)

Patients with
CVC+
(n=42)

p

Serum protein, g/l 71.05±4.26 67.3±4.49 <0.01
Serum albumin, g/l 39.7±3.9 37.2±4.4 <0.01
PP (before HD), mmHg 58.5±12.3 66.2±16.9 <0.02
PP (during HD), mmHg 57.3±13.0 65.1±14.4 =0.01
PP (after HD), mmHg 56.6±14.3 62.9±13.3 <0.04
PP (interdialytic period), mmHg 51.5±14.4 63.4±19.6 <0.01
LVMI, g/m2 114.4±34.9 132.8±31.4 <0.02

PP - pulse pressure
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CRP level and found that the higher CRP levels increased the 
probability of CVC. In addition, the likelihood of DD was 
increased with the growth of CRP level.

In the study [13] examining inflammation and LV 
diastolic dysfunction in peritoneal dialysis (PD) patients, the 
role of pro-inflammatorycytokines in a group of PD patients 
and controls was assessed. That study identified a significant 
correlation between LV diastolic dysfunction and serum 
TNF-a, and IL-6 levels in PD patients and an interaction 
between PD and inflammation. TNF-a was also shown to 
aggravate LV diastolic dysfunction. 

Analyzing the parameters according to GPS, we found 
that GPS points in patients with CVC were higher than among 
people without calcification. The likelihood of developing 
calcification reached 60% in patients with maximum points. 
In addition, high GPS points increased the risk of LVH 
development, which is positively correlated with LVMI and 
LVPWT. Evidence is accumulating that chronic inflammation 
plays an important role in LVH. Cytokines are implicated 
in the development of cardiac hypertrophy, most likely via 
downstream activation of pro-inflammatory transcription 
factors such as nuclear factor-κB (NF-κB) [14].

The participation of albumin in LVH development is 
not completely known; however, there is an assumption that 
malnutrition in combination with chronic overload in dialysis 
patients contributes to an increase in the extracellular fluid 
volume, which is a risk factor for LVH development..

Persistent uremia and constant contact with the dialysis 
membrane, the release of pro-inflammatory cytokines, 
oxidative stress, and persistent activation of the inflammatory 
response [15] underlie the changes in morphological and 
functional properties of smooth muscle cells and development 
of calcification. The role of another acute-phase protein, β2-
microglobulin, was statistically significant only in patients 
with an elevated pulse pressure estimated in the interdialytic 
period. Thus, it was found that the enlargement in pulse 
pressure and an increased level of β2-microglobulin contribute 
to the increasing probability of CVC development due to 
progressive vascular stiffness in CKD patients. According to 
M.Masuda et al. [16], serum β2-MG concentrations correlated 
significantly and positively with the echocardiographic 
parameters of left ventricular hypertrophy (LVH) in long-term 
HD patients; a deposition of β2-MG amyloid in the heart may 
be associated with LVH progression.

Thus, the obtained data on the relationship of systemic 
inflammation, cardiovascular calcification and anatomical and 
functional changes in the heart in patients receiving chronic HD, 
suggest that continuous activation of inflammatory responses 
in this category of patients is an important independent risk 
factor for cardiovascular disorders in dialysis patients.

Our data revealed that the ferritin level positively 
correlated with the degree of valve calcification, EA, and 
Ea in HD patients. In addition, the relationship between the 
fibrinogen level and LVM can be explained by the increased 
load on the myocardium under hyperfibrinogenemia. 

Anemia contributes to the development of hemodynamic 
and non-hemodynamic mechanisms, which results in a 
compensatory increase in hemoglobin levels. Hemodynamic 

compensatory changes in existing chronic anemia include an 
increasing cardiac output because of reduced blood viscosity 
and vasodilation contributing to tissue perfusion. Anemia 
leads to stimulation of the sympathetic nervous system as well 
as to activation of the renin-angiotensin-aldosterone system, 
which is closely associated with increased oxidative stress 
[17] and defines the hyperdynamic state of the myocardium, 
causing hypertrophy. In our study, we also found that patients 
with severe anemia were characterized by a high risk of LVH 
development. The influence of anemia on the process of 
calcification may be due to the action of hypoxia leading to 
increased CVC risk.

Soft-tissue calcification is a prominent feature in both 
chronic kidney disease (CKD) and experimental Klotho 
deficiency. Wild-type mice with CKD had very low renal, 
plasma, and urinary levels of Klotho [18]. In humans, Hu et 
al. observed a graded reduction in urinary Klotho starting at an 
early stage of CKD and progressing with loss of renal function 
[18]. The beneficial effect of Klotho on vascular calcification 
was a result of more than its effect on renal function and 
phosphatemia, suggesting a direct effect of Klotho on the 
vasculature. Our study also found a direct association between 
reduced serum alpha-Klotho level and high CRP and the 
relationship between two studied morphogenetic proteins 
and β2-microglobulin. Based on these data it is possible to 
use serum FGF-23 and alpha-Klotho as diagnostic markers 
[19]. The results of the study allowed us to make the original 
predicting scheme for development of CVC, geometric 
remodeling, and functional alterations of LV, all of which 
indicates that the process of calcification is not only a calcium-
phosphorus disorder.

M. Nasrallah defined that FGF-23 and ACI were 
significantly increased, and FGF-23 was independently 
associated with aortic calcification in haemodialysis patients 
[20]. Fibroblast growth factor 23 (FGF23) is the latest mineral 
metabolite to be linked to CVD and death. Like phosphate, 
PTH, and vitamin D before it, altered FGF23 levels were 
first recognized as an independent risk factor for mortality 
in dialysis patients [21] but later were shown to be a risk 
factor for CVD and death in the general population [22]. M. 
Kanbay et al. [23] provide the latest report on FGF23 and 
cardiovascular disease . In a cross-sectional study, the authors 
analyzed coronary angiograms from 177 patients who had 
“mild CKD” and for whom standard mineral metabolites 
were measured along with FGF23 and fetuin A levels. This 
study suggested that in a relatively young population with 
mild-to-moderate alteration of kidney function and with less 
traditional cardiovascular risk factors, anomalies of the serum 
FGF 23 and fetuin A levels appeared early in the course of 
disease and were independent major predictors for extent of 
coronary artery disease.

Conclusion
The study and identification of factors contributing to 

an increased risk for CCV is important for HD patients. The 
research into new CCV factors will help to improve the quality 
and length of life for those patients who receive RRT.
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