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ABSTRACT 
Objective: To determine the value of measuring coronary artery calcifications (CAC) score in 

the prediction of future cardiac disease in patients with chronic kidney disease (CKD). Background: 

In the setting of CKD and its consequence of disordered bone mineral metabolism caused by 

hyperphosphatemia, vascular and rarely tissue calcification develop.  Coronary artery calcium (CAC) 

is associated with high risk of adverse cardiovascular disease (CVD), CAC is identified through low-

radiation, non-contrast computed tomography of the heart, quantifies the burden of calcified coronary 

atherosclerosis. This modality is highly useful for cardiovascular (CV) risk stratification among 

patients with CKD. CAC scoring is a quick, low-cost screening tool to help risk-stratification and to 

identify those likely to benefit from aggressive preventive treatments and to identify those in need to 

close monitoring. Patients and methods: This control study was done in Alzahra University hospital in 

the period between Nov. 2014 to Sep. 2015 on two groups of patients with age ranges 20-70 years old, 

group I involved 40 patients of chronic kidney disease, In this study the non contrast CT scan for Ca 

score using  Agatston score revealed 90% of patients in group I had high ca score while in group II 

25% of control individuals had high  ca.score , we found that all patients with elevated Ca score and 

decreased eGFR had at least one risk factor or even all of them such as DM,HTN, Dyslipidemia and 

electrolyte imbalance and the more increased risk factors the more increase in Ca score in the same 

patient. Conclusion: Coronary Ca score should be respected as a predictor for coronary 

atherosclerosis in patients with CKD. Use of the CAC score improves risk prediction for 

cardiovascular disease, myocardial infarction, and heart failure over use of established risk factors 

among patients with CKD. 

Keywords: Chronic kidney disease (CKD), coronary artery calcification (CAC), cardiac computed 

tomography, Glomerular filtration rate(GFR). 

 

INTRODUCTION 

Cardiovascular disease is the major cause of 

premature death in patients with chronic kidney 

disease (CKD). Large prospective cohort studies 

have documented significant associations of 

worse kidney function and proteinuria with 

cardiovascular disease and mortality that are 

independent of traditional risk factors. Coronary 

artery calcification (CAC) is highly prevalent 

and more severe in patients with CKD 

compared with those without CKD. Coronary 

artery calcification independently predicts the 

risk of coronary heart disease and total 

cardiovascular disease more than traditional risk 

factors in the general population.( 1) 

Coronary artery calcium (CAC) score is an 

independent predictor of cardiac events in both 

the general population and CKD patients. The 

prevalence of CAC in different stages of CKD 

varies from 13.9% in stages I and II up to 83% 

in stages III–V. The prevalence and extent of 

CAC are increased in patients with end stage 

renal disease (ESRD) even in young adults (2). 

Coronary calcification can be easily detected by 

a non-contrast enhanced CT scan (calcium 

scan). Calcium deposits have a 2 to 10 fold 

higher density than surrounding tissues and is 

identified as a hyper-attenuating lesion above a 

threshold of 130 Hounsfield units (HU). The 

amount of calcium is quantified using the 

Agatston score (3) which is derived from the 

product of the area of calcification (mm2) and a 

factor determined by the maximal density (HU) 

within that area. The factor is 1,2,3,4 with a 

density of 130 to 199,200 to 299, 300 to 399 or 

>400 HU respectively (4). A calcium score of 

zero is associated with a very low prevalence of 

any coronary atherosclerotic plaque and is 

almost exclusively associated with the absence 

of an obstructive (≥50 %) lesion, A positive 

calcium score moderately predicts the presence 

of significant coronary obstruction. Higher 

calcium scores, taking into account gender and 

age, are more predictive of obstructive CAD (5). 

 

PATIENTS AND METHODS 
This control study was done in Alzahra 

University hospital in the period between Nov. 

2014 to Sep. 2015, Group I involved 40 patients 

with chronic kidney disease, their age ranged 

from (18-65) years with mean 52.8 ±SD (12.96), 

30 of them were (female) and 10 were (male). 

Group II involved 40 apparently healthy control 

individuals, their age ranged from (20- 60) years 

https://www.ajkd.org/action/doSearch?searchType=quick&occurrences=all&ltrlSrch=true&searchScope=series&searchText=Chronic%20kidney%20disease%20(CKD)&seriesISSN=0272-6386
https://www.ajkd.org/action/doSearch?searchType=quick&occurrences=all&ltrlSrch=true&searchScope=series&searchText=coronary%20artery%20calcification%20(CAC)&seriesISSN=0272-6386
https://www.ajkd.org/action/doSearch?searchType=quick&occurrences=all&ltrlSrch=true&searchScope=series&searchText=cardiac%20computed%20tomography&seriesISSN=0272-6386
https://www.ajkd.org/action/doSearch?searchType=quick&occurrences=all&ltrlSrch=true&searchScope=series&searchText=cardiac%20computed%20tomography&seriesISSN=0272-6386
https://www.ajkd.org/action/doSearch?searchType=quick&occurrences=all&ltrlSrch=true&searchScope=series&searchText=cardiac%20computed%20tomography&seriesISSN=0272-6386
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with mean 43.3 ± SD (12.33), 32 of them were 

male and 8 were female. Patients with 

malignancy, pregnancy or chronic liver disease, 

were excluded from the study. All of them are 

subjected to: 

 Full medical history. 

 Full medical examination. 

 Laboratory investigations for kidney function 

tests and estimated glomerular filtration rate 

(eGFR) measured by Cockroft-Gault method 

(6): Group I are categorized according to 

kidney disease outcomes quality initiative 

(KDOQI) (7) into: 

o Stage 1. If eGFR ≥ 90 

ml/min/1.73m² 

o Stage 2. If eGFR between 60-89 

ml/min/1.73m² 

o Stage 3a. If eGFR between 45-59 

ml/min/1.73m² 

o Stage 3b. If eGFR between 30-44 

ml/min/1.73m² 

o Stage 4. If eGFR between 15-49 

ml/min/1.73m 

o Stage 5. End stage renal disease 

(ESRD) if eGFR less than 15 

ml/min/1.73m² 

 Abdominal Ultrasonography. 

 Resting electrocardiogram.  

 Non contrast coronary computed tomography 

for measurement of calcium score. 

Statistical analysis  

Data were analyzed by Microsoft office 2007 

and statistical package for social science (SPSS) 

version10.parametric data was expressed as 

mean ±SD and non-parametric data was 

expressed as number and percentage of total, 

Comparing the mean ±SD was done using the 

student’s test, measuring the mutual 

correspondence between two values was done 

using the spearman correlation coefficient. The 

P value less than 0.05 was consider significant.  

The study protocol was approved by the ethics 

committee of Al-Azhar university faculty of 

medicine, and the selected participants gave 

prior consent. 

RESULTS 
The frequency of CKD among (Group I) was 

100% and divided according to eGFR to 

different CKD stages. Table (1), the duration of 

the disease was from (1-8) years with mean 

5.8±2.23.  

Table (1): Shows N. & % of patients with different CKD stages among (Group I) 

CKD Stages based on (eGFR) 
Group I 

N % 

Stage 1 0 0% 

Stage 2 20 50% 

Stage 3a 5 12.5% 

Stage 3b 5 12.5% 

Stage 4 1 2.5% 

Stage 5 9 22.5% 

          N (number), % (percentage)  

 

Table (2):  comparing Mean blood pressure and Laboratory results between both groups 

 Group I Group II P value 

SBP (Mean ± SD) 151.6 ± 18.17 125.9 ± 10.9 0.0001 

DBP (Mean ± SD) 91.4 ± 10.38 84.4 ± 8.64 0.002 

FBS (Mean ± SD) 147.8 ± 53.1 94.5 ± 30.35 0.002 

2hPP (Mean ± SD) 199.9 ± 78.8 123.8 ± 19.86 0.0001 

Hba1c (Mean ± SD) 6.2 ± 1.54 4.8 ± 0.47 0.0001 

Chol. (Mean ± SD) 195.2 ± 80.85 159.2 ± 20.99 0.01 

LDL (Mean ± SD) 186.6 ± 56.85 152.3 ± 42.36 0.001 

TG (Mean ± SD) 178.8 ± 58.5 122.1 ± 28.56 0.001 

HDL (Mean ± SD) 38.5 ± 3.73 42.5 ± 7.4 0.01 

Bl. urea (Mean ± SD) 139.8 ± 55.44 32.2 ± 9.23 0.001 

S.creat. (Mean ± SD) 5.4 ± 2.09 0.98 ± 0.17 0.001 

eGFR (Mean ± SD) 54.1 ± 29.4 75.7 ± 3.6 0.0001 

Ph (Mean ± SD) 5.2 ± 0.61 3.9 ± 1.01 0.05 

PTH (Mean ± SD) 115.7 ± 66.3 32.4 ± 8.32 0.01 

Ca (Mean ± SD) 10.21 ± 1.14 9.6 ± 0.76 0.007 

There are highly significant difference in SBP &DBP ,FBS,2hPP, Hba1c, Chol., LDL, TG, HDL, 

calcium , urea, S.creat, eGFR, Ph & PTH between (Group I) and (Group II), p <0.05. 

 



AL-AZHAR ASSIUT MEDICAL JOURNAL AAMJ ,VOL 13 , NO 4 , OCTOBER 2015 SUPPL-2 
 

183 | P a g e  

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (1): Positive correlation between PTH level and coronary Ca score 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (2): positive correlation between serum Ph level and coronary Ca score 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(Fig.3): Shows the multislice   CT scan for Ca score, in patient no. 7 

 

 

 

Fig.4:Axial non enhanced CT scans of the 

coronary calcium score for the ESRD  patient 

that shows severe calcification of the left 

coronary artery (closed arrow), left anterior 

descending coronary artery (open arrow) and 

circumflex coronary artery (arrow heads) 

calcium score=514 
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 (Fig.4): Shows the multislice   CT scan for Ca score, in patient no. 40 

 

Table (3): Comparison between (Group I) & (Group II) regarding coronary Ca score 

Calcium score 
Group I Group II 

No. % No. % 

0 4 10% 30 75% 

1-10 7 17.5% 7 17.5% 

11-100 8 20% 2 5% 

101- 400 10 25% 1 2.5% 

> 401 11 27.5% 0 0% 

Mean 381.75 11.55 

SD 574.04 42.95 

P value 0.0001 H. Significant 

Regarding Ca score in non-contrast CT scan; Coronary Ca score =0 was 10 % in group I, and 75% in 

group II indicates no identifiable plaque, while very low risk of coronary disease (CAD). Coronary Ca 

score =1-10 was 17.5 % in group I, While Group II was 17.5% which indicates Minimal identifiable 

plaque. Coronary Ca score = 11-100 Group I was (20 %), While Group II was 1 % which indicates 

Mild atherosclerotic plaque. Ca score =101-400 was 25% in Group I, While Group II was 2.5 % which 

indicates Moderate atherosclerotic plaque CAD and significant narrowing possible. Ca score =>401 

was 27.5 % in group I, While Group II was 0 which indicated Extensive atherosclerotic plaque. 

Table (4): Shows prevalence of risk factors among patients with elevated coronary Ca score 

(from 11 - > 401) in Group I 

coronary Ca 

score 
HTN DM CKD/ ESRD Dyslipidemia 

Hyper-

phosphatemia 
hypercalcimia PTH 

11- 

100 
No 5 6 

8 CDK (20%) 

0 ESRD(0%) 
2 4 1 2 

101-

400 
 6 2 

7 CDK 

(17.5%) 

1ESRD (2.5%) 

2 0 2 3 

> 401  11 11 

5 CDK 

(12.5%) 

6ESRD (15%) 

6 3 3 4 

Table (4) revealed positive correlation between the number of risk factors affecting the patients and 

their level of coronary Ca score from 11- >401. 

 

Table (5): Shows No. of patients with grade II & III nephropathy according to their Coronary Ca 

score 

 
Grade II nephropathy           

(No. of patients) 

Grade III nephropathy           

(No. of patients) 

Coronary Ca score 0 2 0 

Coronary Ca score 1-10 0 0 

Coronary Ca score 11-100 5 3 

Coronary Ca score 101-400 4 1 

Coronary Ca score > 401 0 11 

Fig.5:axial non enhanced CT scans of the coronary calcium score for the ESRD  patient that shows 

severe calcification of left anterior descending coronary artery (a) and right coronary artery (b) 

.calcium score=1230 

b a 



AL-AZHAR ASSIUT MEDICAL JOURNAL AAMJ ,VOL 13 , NO 4 , OCTOBER 2015 SUPPL-2 
 

185 | P a g e  

Table (6): Shows ECG, Echocardiography, abdominal ultrasound & CT coronary Ca score 

findings among (Group I)  

No ECG Echocardiography Abdomial  U/S 
coronary 

Ca score 

1 
Left vent. 

Enlargement 
Normal study 

Grade I 

nephropathy 
3 

2 LBBB Normal study 
Grade I 

nephropathy 
40 

3 
Left vent. 

Enlargement 
Thickened posterior LV wall 

Grade II 

nephropathy 
0 

4 
ST segment 

depression 

Left ventricular function is mildly impaired with 

probable anterior wall hypokinesia 

Grade II 

nephropathy 
553 

5 
Left vent. 

Enlargement 

Thickened interventricular septum and posterior LV 

wall 
NAD 3 

6 LBBB 
Possible bicuspid aortic valve without regurgitation or 

stenosis 
NAD 6 

7 T wave inversion 
Mild infero-lateral and antero-lateral mid wall 

hypokinesia 

Grade II 

nephropathy 
561 

8 
Biventricular 

enlargement 

Severe left atrial enlargement. Right atrial 

enlargement. The aortic valve is not well seen, cusp 

number is indeterminate, is sclerotic, but appears to 

open well 

Grade II-III 

nephropathy 
63 

9 
ST segment elevation 

II, III, Avf 
Mild infero-lateral wall hypokenisia 

Grade II 

nephropathy 
49 

10 
ST segment 

depression 

Mildly impaired left ventricular contractility and 

possible anterior wall hypokinesia 

Grade II 

nephropathy 
1118 

11 Flattened T wave 

Mild LV hypertrophy. III-defined regional wall 

motion abnormalities suggestive of possible resting 

ischemic heart disease. 

Grade II 

nephropathy 
20 

12 Hyper acute T wave 
Mild infero-lateral and antero-lateral mid wall 

hypokinesia 

Grade II-III 

nephropathy 
88 

13 
Left vent. 

Enlargement 

No significant valvular stenosis. No significant 

valvular regurgitation. Mild mitral valve 

regurgitation. Trivial tricuspid valve regurgitation 

Grade II 

nephropathy 
50 

14 
ST segment 

depression 
Mildly impaired left ventricular contractility 

Grade II 

nephropathy 
120 

15 
Lt ventricular 

enlargement 

No significant valvular regurgitation. Mild mitral 

valve regurgitation. Trivial tricuspid valve 

regurgitation. 

Grade II 

nephropathy 
170 

16 LBBB Thickened interventricular and LV wall 
Grade I 

nephropathy 
0 

17 
LBBB Hyper acute T 

wave 

Mild LV hypertrophy. Ill-defined regional wall 

motion abnormalities suggestive of possible resting 

ischemic heart disease. 

Grade III 

nephropathy 
1170 

18 LBBB Thickened interventricular and LV wall 
Grade III 

nephropathy 
2470 

19 Flat ST segment Mild hypokinesia. 
Grade II 

nephropathy 
137 

20 

Pathological Q wave 

ST segment elevation 

V1- V6 

Left ventricular function is mildly impaired with 

probable anterior wall hypokinesia 

Grade III 

nephropathy 
800 

21 LBBB 

No significant valvular regurgitation. Mild mitral 

valve regurgitation. Trivial tricuspid valve 

regurgitation. 

Grade II 

nephropathy 
0 

22 
ST segment 

depression 

Mild infero-lateral and antero-lateral mid wall 

hypokenesia 

Grade II 

nephropathy 
280 

23 LBBB Mildly impaired left ventricular contractility 
Grade II 

nephropathy 
240 

24 Hyper acute T wave 
Left ventricular function is mildly impaired with 

probable anterior wall hypokinesia 

Grade II 

nephropathy 
390 

25 
Biventricular 

enlargement 

No significant valvular regurgitation. Mild mitral 

valve regurgitation. 

Grade I 

nephropathy 
8 

26 
ST segment elevation 

V1-V 
Anterior wall thinning and akinesia 

Grade II 

nephropathy 
600 
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No ECG Echocardiography Abdomial  U/S 
coronary 

Ca score 

splenomegaly 

27 

Pathological Q wave 

ST segment elevation 

II, III, aVF 

Dyskinesia of infero-lateral wall 

Trace pulmonic regurgitation 

Grade III 

nephropathy 
2090 

28 

Pathological Q wave 

ST segment elevation 

I,aVL,V5-V6 

Mild left ventricular diastolic dysfunction, mild 

sclerosis of aortic and mitral valve leaflets, mild left 

atrium dilation, and normal right ventricle 

Hypokinesia of lateral wall 

Grade III 

nephropathy 
95 

29 
Biventricular 

enlargement 

Thickened interventricular septum and posterior LV 

well 

Grade II 

nephropathy 
300 

30 
Left vent. 

Enlargement 

No significant valvular regurgitation. Mild mitral 

valve regurgitation. Trivial tricuspid valve 

regurgitation. 

Grade II 

nephropathy 
80 

31 

LBBB pathological Q 

wave ST segment 

elevation V1-V6 

Akinesia of anteroseptal wall of left ventricle 
Grade III 

nephropathy 
360 

32 LBBB Left ventricular hypertrophy 
Grade II 

nephropathy 
600 

33 Flattened T wave Normal study GB stones 0 

34 
Left vent. 

Enlargement 
Normal study 

Grade I 

nephropathy 
3 

35 Inverted T wave 
Thickened interventricular septum and posterior LV 

wall 

Grade I 

nephropathy 
260 

36 LBBB 
Possible bicuspid aortic valve without regurgitation or 

stenosis 

Grade I 

nephropathy 
110 

37 NAD Normal study NAD 5 

38 LBBB Mildly impaired left ventricular contractility 
Grade I 

nephropathy 
8 

39 
ST segment elevation 

V1-V6 

Mildly impaired left ventricular contractility, with 

ejection fraction of 40%  and anterior wall 

hypokinasia 

Grade Il-Ill 

nephropathy 

Fatty liver 

1190 

40 

Pathological Q wave 

ST segment elevation 

II, III, aVF 

Hyper acute T wave 

Mitral valve leaflet thickening, mild mitral valve 

prolapse, redundant chordal apparatus, with only a 

trace of mitral regurgitation and no flail leaflets. 

Dyskinesia of inferior wall 

Grade III 

nephropathy 
1230 

 

 

 
Fig.5:  Shows Negative correlation between Coronary Ca score and eGFR. 
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DISCUSSION 

Coronary artery calcification (CAC) is a strong 

predictor of cardiovascular event rates in the 

patients with CKD, and scoring with multislice 

computed tomography commonly used to 

improve risk stratification beyond clinical 

variables (8). In this search the male gender 

more prone to coronary atherosclerosis which 

reported by (9). Also we found the inverse 

proportional relationship between age and 

eGFR. 

In this study the prevalence of diabetic patient 

among group I was 63%, FBS, PP, HBA1c had 

highly significant statistical deference being 

higher in group I, which point to the tight link 

between atherosclerosis and DM. Regarding 

hypertension the study showed mean SBP and 

DBP had highly significant statistical deference 

being higher in group I, So hypertension in 

CKD considered another important risk factor 

for CVD, which was in agreement with (10). 

In this search patients with CKD had 

hypercalcimia, hyperphosphatemia and 

hyperparathyroidism which lead to tendency of 

increased vascular calcifications and narrowing 

this was in agreement with (11). The present 

study showed cholosterol, TG, LDL had highly 

significant statistical deference being higher in 

group I, also HDL  had highly significant 

statistical deference being lower in group I, 

Dyslipidemia considered one of the strong 

predictor of CVD causing endothelial damage 

and loss of physiological vasomotor activity, 

this finding was previously reported by (12). 

In this study the multislice   CT scan for Ca 

score using Agatston score (3) revealed 90% of 

patients in group I had high ca score which 

indicated that their lesions ranging from 

minimal identifiable plaque to extensive 

atherosclerotic plaque, while in group II 25% of 

control individuals had high Ca score which 

means that their lesions ranging from minimal 

identifiable plaque to moderate atherosclerotic 

plaque without extensive coronary lesions. 

There was tight link between ultrasound kidney 

changes and coronary calcifications, all patients 

with coronary score above 401 showed grade III 

nephropathy by US this finding was in 

agreement with (9) who found diffuse arterial 

calcifications associated with increased 

echogenicity of the renal cortex. This study 

revealed negative correlation between eGFR 

and Ca score among group I, this finding in 

agreement with study done by (13) which put 

the CKD as a risk factor to CAD as well as 

diabetes, electrolyte imbalance and 

hyperlipidemia . 

This study revealed positive correlation between 

ischemic changes found by ECG and 

echocardiography with elevated coronary ca 

score which agreed (14). In the present study all 

patients with elevated Ca score and decreased 

eGFR had at least one risk factor or even all of 

them such as DM, HTN, Dyslipidemia and 

electrolyte imbalance and the more increased 

risk factors the more increase in Ca score in the 

same patient. All patients with coronary Ca 

score more than 401 were diabetic and 

hypertensive with percentage of 100%, 5 

patients are CKD and 6 are ESRD with eGFR 

ranges 8-40% while in patients with Ca score 

101-400 there were 6 HTN,2DM,7CKD and 

1ESRD with eGFR ranges from 40-70%finally 

in patients with coronary score 11-100 there 

were only 5HTN,6DM,8CKD with no ESRD 

with eGFR ranges from 70-90%,these findings 

in agreement with (13) who proved that  

deterioration of kidney functions  lead to 

progression of coronary artery calcifications 

with increased coronary calcium score. 

CONCLUSION 

Coronary Ca score should be respected as a 

predictor for coronary atherosclerosis in patients 

with CKD. Use of the CAC score improves risk 

prediction for cardiovascular disease, 

myocardial infarction, and heart failure over use 

of established risk factors among patients with 

CKD. 
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