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  Abstract

   Background:  Cardiovascular disease (CVD) is the main cause of mortality in patients with chron-
ic kidney disease (CKD). The pathophysiology of coronary artery disease in CKD is multifactorial 
including, in addition to traditional risk factors (hypertension, hyperlipidemia, diabetes melli-
tus), parameters related to uremia.  Methods:  The study consisted of measuring coronary artery 
calcification (CAC) score in patients with CKD stage III and IV without history of CVD and in a 
group of controls with normal renal function matched for age, gender and risk factors using 
multi-detector computed tomography.  Results:  The study included 49 patients and 49 controls. 
CAC was present in 79.6% in the CKD group versus 59.2% in the control group (p = 0.028). The 
median CAC score value in CKD patients was 139 (interquartile range (IQR): 23–321) versus 61 
(IQR: 6–205) in controls (p = 0.007). CAC was associated with traditional risk factors such as old-
er age, hypertension and baseline cardiovascular risk score, while CKD patients with severe cal-
cification had marginally lower estimated glomerular filtration rate and increased levels of par-
athormone.  Conclusions:  CAC is more frequent and severe in patients with CKD stage III and IV 
compared to matched controls with normal renal function, even though kidney disease-related 
parameters are not directly correlated with intensity of calcification.
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  Introduction

  Cardiovascular disease (CVD) is the main cause of mortality in patients with chronic 
kidney disease (CKD) (US Renal Data System: USRDS 2009 Annual Data Report). The 
pathophysiology of coronary artery disease in CKD is multifactorial including, next to tra-
ditional risk factors such as older age, diabetes mellitus, systolic hypertension, left ventricu-
lar hypertrophy and hyperlipidemia, parameters related to CKD such as chronic inflam-
mation, oxidative stress, abnormal bone and mineral metabolism, hyperhomocysteinemia, 
malnutrition and anemia  [1, 2] . Although it is questionable how the earlier stages of kidney 
disease are associated with and affected by these non-traditional CVD risk factors, epide-
miological studies have concluded that even patients with early stages of CKD have an in-
creased risk for cardiovascular events and related mortality  [3–5] . The natural history of 
CKD was analyzed by Keith et al.  [6]  in a population of 27,998 patients with impaired renal 
function (CKD stages II–V). They concluded that death was far more common than dialysis 
at all stages. Therefore assessment of CVD in patients with declining renal function is es-
sential.

  Coronary artery calcification (CAC) has been identified as a strong predictor of CVD 
progression and patient survival in patients without kidney disease  [7, 8]  since arterial cal-
cium deposition is involved in the creation and evolution of atherosclerotic plaque  [9] . Com-
puted tomography has been successfully used to quantify CAC  [10] . The calculated CAC 
score displays very high sensitivity and negative predictive value for both obstructive and 
non-obstructive coronary artery disease  [7] . CAC in various stages of CKD has been inves-
tigated either as part of large observational, epidemiological studies or in cohort studies re-
porting varying prevalence  [11–16] . We performed this study to evaluate CAC score in pa-
tients with CKD stage III and IV and matched controls with normal renal function using 
multi-detector computed tomography (MDCT). Primary endpoint was the comparison of 
CAC score between CKD patients and controls and secondly the evaluation of associations 
of CAC score with traditional CVD risks factors and non-traditional risk factors related to 
CKD.

  Methods

  Patient and Control Selection
  We conducted a prospective single-center study measuring CAC score in patients with 

CKD stage III and IV and in a group of controls who did not suffer from CKD using MDCT. 
The study was approved by the Local Bioethics Committee and all participants provided 
written informed consent.

  Patients were selected from the Outpatient Renal Clinic. Subjects  1 18 years of age with 
CKD stage III or IV were included in the study. Patients with documented CVD (history of 
acute myocardial infarction, angina pectoris, and/or ischemia on provocative test), diabetes 
mellitus and patients who had been previously treated with immunosuppressive agents 
(such as corticosteroids or cyclosporine) were excluded from the study. Controls were se-
lected from volunteers without history of heart disease or diabetes who were screened at the 
Outpatient Cardiology Clinic and were submitted to MDCT. History, clinical examination 
and laboratory tests of blood and urine were performed to evaluate renal function and ex-
clude subjects with CKD. Controls were matched to patients based both on their demo-
graphic characteristics (age and gender) and risk factors (smoking, hypertension and hyper-
lipidemia).
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  Clinical and Laboratory Data Selection
  Data on demographic characteristics were collected regarding age, gender, height, 

weight, body mass index, diagnosis and duration of renal disease. Baseline biochemical pa-
rameters were measured using routine laboratory methods. Data obtained included serum 
creatinine, urea, alkaline phosphatase, total cholesterol, low-density lipoprotein cholesterol, 
high-density lipoprotein cholesterol, serum calcium, phosphorus and intact parathormone 
(PTH). The four-variable Modification of Diet in Renal Disease (MDRD) formula was used 
to estimate glomerular filtration rate (eGFR)  [17] . National Kidney Foundation (NKF) crite-
ria were applied to diagnose CKD stage III (eGFR: 30–59 ml/min/1.73 m 2 ) and IV (eGFR: 
15–29 ml/min/1.73 m 2 )  [18] . In CKD stage III PTH should remain within normal limits (35–
70 pg/ml) while in CKD stage IV PTH could vary from 70 to 110 pg/ml  [19] . Risk factors such 
as smoking, hypertension and hyperlipidemia were recorded. Hypertension was defined as 
systolic blood pressure  1 140 mm Hg and/or diastolic blood pressure  1 90 mm Hg or treat-
ment with antihypertensive medication. Hyperlipidemia was considered as low-density lipo-
protein cholesterol level  1 100 mg/dl requiring lipid-lowering treatment  [20] . Cardiovascular 
risk score or Framingham risk score was determined based on traditional risk factors for 
CVD  [21] .

  MDCT Protocol for CAC Score Measurements
  All patients were examined in a 16-MDCT scanner (LightSpeed 16 ! ; General Electric, 

Milwaukee, Wisc., USA) with prospective electrocardiographic triggering during a single 
breath hold (typically 8 s). Data were obtained from the entire heart using sequential acqui-
sition. Scans were prospectively initiated at 50% of the RR interval, which has been widely 
used for MDCT-based measurements of CAC and has been shown to provide the best aver-
age image quality for MDCT-based data acquisition  [22] . Forty-eight contiguous 2.5-mm-
thick slices (120 kV, 250 mA and gantry rotation time 0.5 s and exposure time per rotation 
0.3 s) were obtained. CT scans were evaluated by an experienced radiologist for the presence 
and amount of CAC using a dedicated workstation (Advantage Workstation 4.2). Quantifi-
cation of CAC was provided by a computerized program (SmartScore 3.5, GE Medical Sys-
tems, Milwaukee, Wisc., USA) that calculated the CAC score as Agatston score. A calcified 
lesion was defined as an area equal or above 3 connected pixels with an attenuation above 
130 Hounsfield Units applying three-dimensional connectivity criteria (6 points). CAC score 
was calculated by multiplying the area of each lesion with a weighted attenuation score de-
pendent on the maximal attenuation within the lesion  [10] .

  Based on CAC score measurements, 5 distinct categories were classified as follows: no 
evidence of CAC (CAC score = 0), minimal CAC (CAC score = 1–10), mild CAC (CAC 
score = 11–100), moderate CAC (CAC score = 101–400), and severe CAC (CAC score  1 400).

  Statistical Analysis
  Normally distributed variables were expressed as mean  8  standard deviation (SD), 

while skewed continuous variables were described as median value and interquartile range 
(IQR). Statistical analysis of categorical characteristics was performed using  �  2  test, Fischer’s 
exact test and for ordinal parameters using Spearman’s R. Student’s t test and Mann-Whitney 
U test were applied accordingly to identify differences in continuous parametric and non-
parametric variables. Prior to analysis parameters without normal distribution were loga-
rithmically transformed to ensure normality. Bivariate analysis with Pearson correlation was 
applied to identify associations between continuous variables. The value 1 was added to CAC 
score values prior to log transformation.
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  Results

  Demographic Characteristics, Risk Factors and Laboratory Parameters
  The study included 49 patients (23 men/26 women, aged 61.3  8  13.2 years) with CKD 

stage III or IV and 49 controls with normal renal function matched for age, gender and risk 
factors (23 men/26 women, aged 58.4  8  5.5 years). Demographic characteristics and risk 
factors are presented for both groups in  table 1 . The etiology of CKD is presented in  table 2 . 
The Framingham risk score in the group of CKD patients was 11.2  8  7.8%. Low ( ! 10%), 
moderate (10–20%) and high ( 1 20%) Framingham risk scores were found in 44.9% (22/49), 
38.8% (19/49) and 16.3% (8/49) patients, respectively. Patients’ body mass index was 22.34  8  
2.98 kg/m 2  and none had a body mass index  1 30 kg/m 2 . Mean duration of CKD was 7.1  8  
5.3 years. Mean eGFR in CKD patients and controls was 32.3  8  12.5 ml/min/1.73 m 2  and 
84.2  8  9.3 ml/min/1.73 m 2 , correspondingly (p  !  0.001).

  Based on NKF criteria, 28 patients (57.2%) had CKD stage III with a mean eGFR of 41 
 8  8.5 ml/min/1.73 m 2  and 21 patients (42.8%) were classified as CKD stage IV with a mean 
eGFR of 20.7  8  5.6 ml/min/1.73 m 2 . Biochemical examination showed mean serum cal-
cium of 9.5  8  0.62 mg/dl, mean serum phosphorus of 3.8  8  0.78 mg/dl, and the calcium-
phosphorus product (Ca  !  P) was 36.57  8  7.3 mg 2 /dl 2 . A small proportion of patients 
(7/49, 14.3%) displayed increased values of Ca  !  P  1 45 mg 2 /dl 2 . Mean intact PTH was 123 
 8  105 pg/ml and exceeded the accepted level in 26 patients, of whom 12 had CKD stage 
III and 14 CKD stage IV. Results from all examined laboratory parameters are displayed 
in  table 3 .

  Table 1.  D emographic characteristics and risk factors of study participants

 Patients  Controls p 

 Total number of participants  49  49 
 Mean age 8 SD, years  61.3813.2  58.485.5 0.4 
 Gender, male/female  23/26  23/26 1 
 Smokers   15 (30.6%)  19 (38.8%) 0.6 
 Hypertension   38 (77.6%)  34 (65.3%) 0.7 
 Hyperlipidemia   24 (49%)  20 (40.8%) 0.7 
 Stage of CKD, III/IV  28/21 
 Mean eGFR 8 SD, ml/min/1.73 m2  32.3812.5  84.289.3  <0.001 

 
 

 Etiology   Number (%) 

 Nephrolithiasis  11 (22.5) 
 Glomerular disease  10 (20.4) 
 Polycystic kidney disease 6 (12.2) 
 Hypertension 6 (12.2) 
 Unilateral kidney 5 (10.2)  
 Tubulointerstitial nephritis 3 (6.1) 
 Obstructive nephropathy 1 (2.1) 
 Unknown 7 (14.3) 

 
 

  Table 2.  E tiology of CKD
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  CAC Score in Patients and Controls
  CAC was present (CAC score  1 0) in 79.6% (39/49) of patients from the CKD group and 

59.2% (29/49) of patients from the control group (p = 0.028). The median CAC score value in 
CKD patients was 139 (IQR: 23–321) versus 61 (IQR: 6–205) in controls, which shows that 
CAC scores differed significantly (p = 0.007) ( fig. 1 ).

  More specifically, in the group of patients with CKD, 12.2% (6/49) had minimal calcifica-
tion (median CAC score: 1.5, IQR: 1–4.75), 22.4% (11/49) had mild calcification (median CAC 
score: 29, IQR: 18–46), 30.6% (15/49) moderate calcification (median CAC score: 219, IQR: 
156–281) and 14.3% (7/49) presented severe calcification (median CAC score: 807, IQR: 600–
1,234). In the control group, 16.3% had minimal calcification with a median CAC score of 5 
(IQR: 1.5–5.75), 18.4% (9/49) showed mild calcification (median CAC score: 34, IQR: 17–61), 
20.4% (10/49) had moderate calcification (median CAC score: 205, IQR: 147–322) and just 
4.1% (2/49) had severe calcification. The data are presented in  figure 2  and tabulated in  table 4 .

  Table 3.  L aboratory parameters regarding renal function and bone mineral metabolism in patients with 
CKD stage III and IV

 Variable  All CKD patients  Stage III  Stage IV 

 Serum urea, mg/dl 89.22839.59 64.89819.16  121.67836.49 
 Serum creatinine, mg/dl 2.2980.93 1.780.32 3.0880.9 
 eGFR, ml/min/1.73 m2 32.32812.52  41.0388.49  20.785.6  
 Serum calcium, mg/dl 9.5680.62 9.780.59 9.3780.61 
 Serum phosphorus, mg/dl 3.8480.78 3.5780.77 4.1980.67 
 Ca ! P, mg2/dl2 36.5787.31 34.5186.81 39.387.2 
 Alkaline phosphatase, U/l 114.1865.3  124.25876.12  100.57854.56 
 Intact PTH, pg/ml 123.38105.5 85.96899.6 173893.55 
 Cholesterol, mg/dl  194.74832.63  199.81831.23 187.9834.03 
 HDL cholesterol, mg/dl 52.11812.99 51.85814.11  52.451811.66 
 LDL cholesterol, mg/dl  112.62829.95  116.85831.45 106.9827.53 

 V alues are expressed as mean 8 SD. HDL = High-density lipoprotein; LDL = low-density lipoprotein.  

 
 

  Fig. 1.  CAC score in CKD. Box 
plots of CAC score in patients 
with CKD (stage III and IV) and 
matched controls. The number 
next to the line in the box plots 
indicates the median value of the 
data. The p value indicates the 
statistical significance of com-
parison of CAC scores between 
CKD patients and controls. °   Out -
 lier (a value between 1.5 and 3 
times the interquartile range 
from a quartile).  *    Extreme out-
lier (a value more than 3 times 
the interquartile range from a 
quartile. 
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  CAC Score and Traditional Risk Factors in CKD Patients
  CAC score was evaluated in relation to traditional risk factors in patients with CKD 

( table 5 ). CAC score (log) was positively correlated with age (r = 0.48, p  !  0.001) ( fig. 3 a). The 
mean value of age (61 years) was used to compare CAC scores between two age groups. Old-
er patients  1 61 years old had significantly higher CAC scores (p = 0.003) ( fig. 3 b). Although 
CAC score measurements showed a borderline difference between hypertensive and non-
hypertensive patients (p = 0.06), patients with hypertension had a significantly higher inci-
dence of CAC (p = 0.02). In addition, CAC did not correlate with risk factors of gender (p = 
0.1), smoking (p = 0.1) and hyperlipidemia (p = 0.9). CAC scores did not differ between males 
and females (p = 0.4), smokers and non-smokers (p = 0.7) and patients with or without hy-
perlipidemia (p = 0.8).

  Fig. 2.  CAC score categorization in patients with CKD stage III and IV and controls without CKD.  a  Pa-
tients with CKD and controls without CKD.  b  Patients with CKD stage III and IV categorized based on 
CAC score measurements. Numbers above bars represent the sum of either patients or controls, with CAC 
score measurements corresponding to the relevant category. 

  Table 4.  C AC in patients with CKD stage III and IV and controls without CKD

 Patients with CKD   Controls  p 

 No evidence of calcification (CAC score = 0) 10 (20.4%) 20 (40.8%)   0.02 
 Presence of calcification (CAC score >0)

  Median (IQR) 
39 (79.6%)

  139 (23–321) 
29 (59.2%)
61 (6–205) 

 0.02
  0.007 

 Minimal calcification (CAC score = 1–10)
  Median (IQR) 

6 (12.2%)
1.5 (1–4.75) 

8 (16.3%)
5 (1.5–5.75)  0.5 

 Mild calcification (CAC score = 11–100)
  Median (IQR) 

11 (22.4%)
29 (18–46) 

9 (18.4%)
34 (17–61)  0.6 

 Moderate calcification (CAC score = 101–400)
  Median (IQR) 

15 (30.6%)
  219 (156–281) 

10 (20.4%)
  205 (147–322)  0.1 

 Severe calcification (CAC score >400)
  Median (IQR) 

7 (14.3%)
  807 (600–1234) 

2 (4.1%)
  710 (568–853)  0.05 
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  However, the cardiovascular risk score (Framingham risk score) was strongly correlated 
both with the presence (p  !  0.001) ( fig. 4 a) and the severity of calcification (r = 0.518, p  !  
0.001). Median CAC scores (IQR) in patients with low ( ! 10%), moderate (10–20%) and high 
Framingham risk scores ( 1 20%) were 1 (1–141.1), 118 (18–248) and 281 (93–1,234), respec-
tively, showing a significant increase as the cardiovascular risk score rose (p = 0.008) ( fig. 4 b). 
It should be further noted that all patients with moderate and high Framingham risk scores 
had evidence of CAC, while CAC was present in 54.5% (12/22) of patients with low Framing-
ham risk scores.

  CAC Score and Risk Factors Related to CKD and Mineral and Bone Disease
  The potential associations of CAC with CKD-related parameters were analyzed. Preva-

lence of calcification and CAC score did not differ between patients with CKD stage III and 
IV. In detail, 89.3% of patients (25/28) with CKD stage III and 66.7% of patients (14/21) with 
CKD stage IV had positive results for CAC (p = 0.06) and median scores were 99 (7–240) and 
26 (1–423) for each CKD stage (p = 0.6). In addition, a decline of eGFR did not show linear 
correlation with an increase of CAC score (r = 0.058, p = 0.7). Duration of CKD was not as-
sociated with CAC (p = 0.1). 

  Fig. 3.  Correlation of CAC score with age.  a  Scatter plot of log CAC score and age in patients with CKD 
(stage III and IV).  b  Box plots of CAC scores of patients with CKD (stage III and IV) according to their 
age group. The p value indicates the statistical significance of comparison of CAC scores between the two 
age groups. °   Outlier (a value between 1.5 and 3 times the interquartile range from a quartile).  *    Extreme 
outlier (a value more than 3 times the interquartile range from a quartile.
 

 Presence of CAC   CAC score  

 Age   p = 0.001  r = 0.48, p < 0. 001 
 Gender  p = 0.1  p = 0.4 
 Smoking  p = 0.1  p = 0.7 
 Hypertension  p = 0.02  p = 0.06 
 Hyperlipidemia  p = 0.9  p = 0.7 
 Framingham risk score  p < 0.001  r = 0.518, p < 0. 001 

 
 

  Table 5.  A ssociations of CAC 
with traditional risk factors
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  Bivariate analysis of CAC score measurements (log CAC) and the examined laboratory 
variables including eGFR and parameters related to bone and mineral metabolism (serum 
calcium, serum phosphorus, calcium – phosphorus product and PTH) showed no significant 
correlation, as is displayed in  table 6 .

  However, patients with severe calcification (CAC score  1 400) had lower eGFR, although 
the difference did not reach statistical significance (p = 0.09), and considerably higher blood 
PTH levels (p = 0.007) ( fig. 5 ).

  Fig. 4.  Correlation of CAC score with Framingham risk score.  a  Scatter plot of log CAC score and Fram-
ingham risk score in patients with CKD (stage III and IV).  b  Box plots of CAC scores of patients with CKD 
(stage III and IV) according to the rank of Framingham risk score. The p value indicates the statistical 
significance of comparison of CAC score between patients with low, moderate and high Framingham risk 
scores. °   Outlier (a value between 1.5 and 3 times the interquartile range from a quartile).  *    Extreme out-
lier (a value more than 3 times the interquartile range from a quartile.

 Variables Pearson correlation, r  p 

 eGFR  0.058  0.7 
 Serum calcium  0.208  0.1 
 Serum phosphorus  0.033  0.8 
 Ca ! P 0.102  0.4 
 PTH  0.06  0.6 
 Alkaline phosphatase  0.132  0.3 
 Cholesterol   –0.131  0.3 
 HDL cholesterol   –0.085  0.5 
 LDL cholesterol   –0.159  0.2 

 H DL = High-density lipoprotein; LDL = low-density lipoprotein. 

 
 

  Table 6.  B ivariate analysis of 
correlations between CAC score 
and parameters related to CKD 
and mineral bone disease
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  Discussion

  Cardiovascular calcification is considered highly predictive of cardiovascular mortality 
and morbidity. Imaging of CAC by computed tomography and calculation of CAC score has 
been proven sensitive in diagnosing coronary artery disease  [7, 8, 10] . This study evaluated 
CAC using MDCT in patients with moderate and severe kidney disease (CKD stage III and 
IV) in comparison to matched controls with normal renal function.

  It is well established that patients on hemodialysis and peritoneal dialysis are at greater 
risk for cardiovascular calcification  [23–26] . The prevalence of CAC in earlier stages of kid-
ney disease varies from 13.9% in stage I and II up to 83% in stages III–V. In this study, the 
prevalence of CAC in patients with moderate and severe CKD without documented CVD 
was 79.6%. CAC was identified in 89.3% of patients with CKD stage III and 66.7% of patients 
with CKD stage IV. Our results agree with previously published data. Piers et al.  [16]  exam-
ined the effect of CKD stage III, IV and V on CAC. CAC was observed in 67% of participants 
and corresponded to 77% of patients in CKD stage III, 54% in CKD stage IV and 64% in CKD 
stage V. However, no correlation of CAC with stage of CKD was evident. Garland et al.  [15]  
reported an evidence of CAC of 83.2% in a population comparable to ours with CKD stage 
III–V (excluding dialysis) without known CVD but including diabetic patients too. Earlier 
studies by Russo et al.  [14]  and Tomiyama et al.  [27]  have reported a lower incidence of CAC 
(40 and 64%, respectively) in patients with impaired renal function. This is probably due to 
the younger age of participants and the inclusion of patients with CKD stage II. Supporting 
evidence is found in a study of 101 kidney donors classified as CKD stage I and II, of whom 
only 13.9% presented CAC  [28] . It is obvious that even if cardiovascular calcification is not 
very frequently observed in patients with mild renal function impairment, the prevalence of 
CAC in moderate and severe kidney disease is increasing, reaching that of end-stage renal 
disease. Conflicting evidence supports the relation between CAC and declining creatinine 
clearance. Fox et al.  [29]  reported that in a cohort of subjects free of symptomatic CVD, GFR 
is inversely associated with CAC. However, other investigators have not reproduced these 
results  [14, 15] . In the Multi-Ethnic Study of Atherosclerosis, initially kidney dysfunction was 
associated with CAC but associations were not preserved after adjustment for demographic 
parameters (age, gender, race) or hypertension  [12] . Even though we did not find a correla-

  Fig. 5.  Correlation of CAC score 
with PTH. Error bars of intact 
PTH in patients with CKD and 
CAC score  ! 400 and in patients 
with CKD and severe CAC (CAC 
score  1 400). The p value indi-
cates the statistical significance 
of comparison of PTH between 
CKD patients with CAC score 
 ! 400 or  1 400. 
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tion between renal function and CAC, with the limitation of the restricted number of par-
ticipants, we observed that patients with severe calcifications had lower eGFR. 

  In our study patients with history of diabetes mellitus and treatment with immunosup-
pression were excluded in an attempt to isolate kidney disease as a risk factor for CAC. It has 
been shown that diabetic patients even without kidney disease have higher CAC scores  [11] . 
Furthermore, severe calcifications are identified in patients with diabetic nephropathy and 
advanced CKD (stage IV and V)  [30] . In a representative sample of diabetic participants in 
the Dallas Heart Study, CKD stage III–V was associated with an eightfold increased odds of 
severe calcifications (CAC score  1 400) versus minimal calcifications (CAC score  ! 10) com-
pared to a population without CKD  [11] . In addition, both corticosteroids and cyclosporine 
aggravate hypertension and dyslipidemia, having an adverse effect on long-term cardiovas-
cular risk  [31] . 

  Epidemiological studies have brought to attention that CKD patients even at the earlier 
stages have an increased incidence of cardiovascular events compared to the rest of the pop-
ulation  [3, 4] . Studies on CAC have verified this observation. Previous studies have looked 
into differences in CAC between CKD and healthy populations without considering risk fac-
tors of the control population. Published data by Russo et al.  [14]  confirm the difference in 
CAC between CKD patients and healthy controls, while Seyahi et al.  [28]  did not find a dif-
ference between patients with CKD I and II and normal controls. No other studies have 
analyzed patients in comparison to matched controls. We matched individuals with normal 
renal function to patients with CKD III and IV in an attempt to isolate kidney disease as risk 
factor. For this reason, controls were paired to CKD patients based on demographic charac-
teristics (age and gender) and traditional risk factors (smoking, hypertension and hyperlip-
idemia). Almost 60% of our control group presented CAC that could be attributed to the 
methodology to select subjects without history or symptoms of CVD, who had nonetheless 
risk factors for CVD progression, e.g. hyperlipidemia, smoking and most importantly hyper-
tension, in proportions equivalent to that of the CKD group. Therefore, the CKD parameter 
could be considered as the discriminating factor between the examined populations, high-
lighting that in CKD patients prevalence of CAC and intensity of calcifications are greater.

  Our analysis showed that CAC score was positively correlated with age and hyperten-
sion. Association of CAC with older age has been a constant finding in a lot of studies  [15, 
16] . Even though gender, smoking and hyperlipidemia were not independently linked with 
presence or severity of calcification probably due to sample size, the risk score of 10-year 
coronary heart disease (Framingham risk score) that takes into account all the major tradi-
tional risk factors including decade of age, gender, smoking, systolic blood pressure, treat-
ment for hypertension, level of total cholesterol and low-density lipoprotein, was strongly 
associated with CAC  [21] . However, the predictive value of the Framingham risk score has 
been questioned when it is applied in CKD patients  [32] . In our study the purpose of its use 
was to depict the cardiovascular risk in addition to separate risk factors. An increase of the 
Framingham risk score was accompanied by more extensive calcifications.

  Disorders of bone and mineral metabolism in CKD have been related to an increased 
risk of coronary and peripheral artery calcifications especially in patients with end-stage 
kidney disease on hemodialysis  [33] . However, patients with earlier stages of kidney disease 
who have not been exposed to dialysis-related risk factors have considerable calcifications. 
Our analysis did not reveal significant associations between CAC and kidney disease-related 
parameters such as duration of renal impairment or stage of CKD. More specifically, a high-
er prevalence of CAC in CKD stage III was noted, but it was not statistically significant (p = 
0.06). It should be noted though that 4 out of 7 patients with CKD stage IV without CAC were 
women of young age (range 28–40 years). It is rational to assume that CAC will evolve with 
progression of CKD, but it is not a univariate relationship. There is consensus that the etiol-
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ogy of coronary artery disease is multifactorial, depending on traditional risk factors but also 
on parameters related to CKD in this population. 

  Furthermore, the evaluation of CAC with parameters of mineral metabolism did not 
reveal any significant correlation. However, significantly higher blood PTH levels were ob-
served in the subgroup of patients with severe CAC. Experimental data has implicated that 
PTH could contribute to the atherosclerotic process. The upregulation and expression of en-
dothelial parameters involved in vascular calcification was shown both in vitro and in vivo 
following continuous stimulation or infusion of PTH  [34, 35] . In humans, evidence supports 
greater CVD risk in primary hyperparathyroidism, and further observational and epide-
miological studies have linked increased PTH levels (above the normal limit) to left ventric-
ular hypertrophy and cardiovascular morbidity and mortality  [36–38] . However, it would be 
considerate to evaluate PTH regulation, an integral part of bone and mineral metabolism, in 
conjunction to serum calcium and phosphorus since serum phosphorus has also been iden-
tified as an independent factor of the presence and progression of vascular calcification. A 
separate analysis from the Multi-Ethnic Study of Atherosclerosis concluded that serum 
phosphate concentrations even within the normal laboratory range were associated with in-
creased prevalence of vascular calcification in subjects with moderate CKD without docu-
mented CVD  [13] . In addition, a prospective cohort analysis from the Spokane Heart Study 
reported that higher levels of serum phosphorus predicted evolution of CAC  [39] .

  It should be acknowledged that our study results may be limited by the relatively re-
stricted sample size and would certainly benefit from the extension of this research to a 
larger group of CKD patients and matched controls.

  In conclusion, patients with CKD stage III and IV have a higher prevalence and severity 
of CAC compared to matched controls. Although CAC was not strongly associated with risk 
factors related to kidney disease, presence of renal function impairment and secondary hy-
perparathyroidism might contribute, along with traditional risk factors, to the development 
of CAC. Further research is required in order to identify the influence of early stages of CKD 
in the vascular calcification of coronary and peripheral arteries. It is essential that preventive 
strategies are investigated in an attempt to reduce all potential risk factors of CVD in patients 
with CKD.
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