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Abstract 

Background: Vascular calcification (VC) plays a major role in cardiovascular disease (CVD), which 
is one of the main causes of mortality in patients with chronic kidney disease (CKD). During the 
early stages of CKD, Fibroblast growth factor-23 (FGF-23) levels increase to keep serum 
phosphorus within the normal range. FGF23 may be associated with death and cardiovascular 
events in CKD patients. Aim: The study aimed at early detection of breast arterial calcification 
(BAC) and higher levels of FGF-23 as indicators of systemic VC in patients with different stages of 
CKD. Methodology: The patients were divided into 3 groups; representing stages 2, 3 & 4 of CKD 
women, and the 4th group was considered as a control group. The selected participants were 
subjected to history taking, mammogram to detect BAC and biochemical assessment of lipid 
profile, Serum creatinine, Mg, P, Ca, PTH and FGF23. Results: the presence of BAC in about 81.8% 
of stage 4 CKD patients compared with 50% in stage 3 CKD, also in the majority of stage 4 CKD 
patients had high FGF-23. Receiver operator characteristic (ROC) curve analysis showed serum 
FGF-23 as a potential predictor of BAC (AUC=0.874) in CKD patients at the cut-off point of 
77.5ng/ml (sensitivity 78%, specificity 76%). Conclusion: Although it is difficult to determine the 
definite stage at which the risk of VC begins but, in our study, it began late in stage 2 CKD, 
gradually increased prevalence through stage 3, and became significantly higher in stage 4. FGF-
23 could be a good predictor of BAC in CKD 
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Introduction 

Vascular calcification (VC) plays a major 
role in cardiovascular disease (CVD), which 
is one of the main causes of mortality in 
patients with chronic kidney disease 
(CKD). VC is a complex process, involving 
not only simple precipitation of 
supersaturated phosphorus (P) and 

calcium (Ca) hydroxyapatite crystals in the 
extracellular milieu (mineral step), but also 
cellular step involving apoptosis, osteo-
chondrogenic differentiation, and elastin 
degradation. Calcification of the vascular 
tree is common in physiologic and 
pathologic conditions, i.e., aging, diabetes 
mellitus (DM), dyslipidemia, genetic 
diseases, and diseases with disturbances 
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of Ca metabolism. CKD is one of the main 
conditions associated with VC(1). Many risk 
factors are involved in the pathogenesis of 
VC but the main is an imbalance between 
promoters and inhibitors of VC.(2). VC can 
be presented by different clinical involve-
ments as medial arterial calcification 
(MAC), intimal calcification, cardiac 
valvular calcification, and uremic calcific 
arteriopathy (UCA)(3) MAC is common in 
advanced kidney disease, which locates 
mainly in the tunica media that contains 
vascular smooth muscle cells (VSMC) and 
elastic tissues but its impact on CVD is 
uncertain because imaging techniques 
used nowadays cannot reliably distinguish 
it from atherosclerotic calcification(4). The 
prevalence of VC increases steadily 
throughout the stages of CKD reaching its 
peak in CKD Stage 5 patients(5). The 
prevalence of breast arterial calcification 
(BAC) was not increased in patients with 
stage 3 CKD, suggesting that the risk of 
MAC develops later in CKD and that 
preventative strategies may not be 
necessary for early CKD(6). VC is currently 
considered as a cardiovascular risk marker; 
the presence of VC has been associated 
with a several-fold increase in the risk of 
morbidity and mortality in both the general 
population and CKD Stage 5 patients(7). 
Although VC can be assessed by various 
methods, such as Doppler Ultrasono-
graphy, simple radiology, Echocardio-
graphy and computed tomography (CT), 
detection of BAC by a mammogram is a 
useful radiological method as it indicates 
tunica media calcification commonly 
encountered in CKD(6,8). Fibroblast growth 
factor-23 (FGF23) is synthesized and 
secreted by osteoblasts and osteocytes. 
The role of FGF-23 is as a regulator of 
circulating serum P and vitamin D(9). During 
the early stages of CKD, there is an increase 
in the levels of FGF23 to keep serum P 
within the normal range(10). In CKD 

patients, the plasma level of FGF23 is 
higher than the upper limit of the normal 
range in healthy individuals and it was 
found to be associated with increased 
severity and progression of aortic 
calcification and peripheral arterial calcifi-
cation and correlated with cardiovascular 
events and death(5, 11). There is controversy 
regarding the role of FGF23; whether it is a 
contributor to VC or inhibitor(10). Overall, 
many factors are leading to VC in CKD 
patients, and our study aimed at 
investigating the association of FGF-23 
serum levels and early detection of BAC 
and identifying the frequency of higher 
levels of FGF-23 in different stages of CKD 
which can be counted as indicators of 
systemic VC in CKD patients. 

Patients and Methods 

The study is a case-control study targeting 
CKD women divided into 3 groups (stages 
2, 3& 4) who attended nephrology & 
Internal medicine outpatient clinics and/or 
were admitted to the inpatient ward at 
Suez Canal University Hospital. The 4th 
group is the control group including 
women with normal kidney function, aged 
between 18- 60 years old (22 women/ 
group). The patients were divided into 
groups according to the stage of CKD 
(according to glomerular filtration rate 
(GFR)) and patients were allocated to one 
of the four groups: Group A: stage 2 CKD 
women (GFR (60-89 mL/min/1.73 m2), 
Group B: stage 3 CKD women GFR (30-59 
mL/min/1.73m2), Group C: stage 4 CKD 
women GFR (15-29 mL/min/1.73 m2), Group 
D: women without kidney disease (control 
group) (Absence of CKD was defined as a 
serum creatinine value <1.0 mg/dl obtained 
within 6 months before the mammogram). 
The selected participants were subjected 
to history taking, mammogram, and 
biochemical assessment.  
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Biochemical laboratory tests 
Lipid profile (including LDL, VLDL, HDL, 
Cholesterol and triglycerides using 
diagnostic kits provided from (Spin-react, 
Spain), following the instructions of the 
manufacturers and dyslipidemia will be 
defined according to the guidelines of the 
National Cholesterol Education Prog-
ram(12), Serum creatinine (Cr), Mg, Ph, Ca, 
and PTH (Human Parathyroid Hormone 
(PTH) ELISA Kit, Abcam) and FGF-23 
(Human FGF23 ELISA Kit, Abcam) were 
done to all the studied participants.  

Mammography 
Mammograms (by: GE 600 (GE health care, 
BUC, France) were retrieved in digital 
images. Screening of mammograms for 
BAC was done by visual inspection by 
double readers and was restricted to the 
determination of whether BAC was 
present or absent. BAC appears as thin, 
parallel, linear densities along the margins 
of blood vessels and is easily distinguished 
from other calcifications, which appear as 
spots or single, thicker linear densities. 
Mammography detected MAC, based on 
their histology and vessel size, BAC is a 
specific and useful marker of MAC in CKD, 
and its prevalence is markedly increased in 
advanced CKD(13). 

Ethical Consideration 

The study was approved by the Ethical 
Committee of the faculty of Medicine, Suez 
Canal University under reference number 
3091#. 

Statistical analysis 

Data were managed using Statistical 
Package of Social Sciences (SPSS) 
software program version 25. Statistical 
significance tests were used and the 
probability value (P-value) of ≤0.05 was  

considered statistically significant (At 95% 
level of confidence). Descriptive statistics 
were presented as (Means ± Standard 
Deviation) for quantitative variables and as 
(Percent) for qualitative variables. 
Nonparametric data were presented as 
median and interquartile range and 
analyzed using the Mann-Whitney U test or 
Kruskal Wallis test. Student t-test was used 
to test the significance of difference for 
quantitative variables. The correlation was 
assessed using Spearman’s correlation. 
Receiver operator characteristic (ROC) 
curves were constructed to assess the area 
under the curve (AUC). Odds ratios (OR) 
and 95% confidence intervals (CI) were 
presented. 

Results 

Demographic and clinical data of the study 
population are presented in Table (1). The 
age ranged from 19 to 60 years with a 
significant difference in age between all 
groups regarding hypertension, dyslipid-
emia, BAC, and lipid & metabolic profiles, 
while non-significant difference regarding 
the use of anti-coagulants was found. It 
was found that stage 4 CKD patients had 
the highest prevalence of age, presence of 
hypertension, and dyslipidemia. Regarding 
BAC distribution, we found a statistically 
significant difference between study 
groups. 81.8% of stage 4 CKD patients were 
found to have BAC, 36.4% in stage 3, and 
22.7% in stage 2 (figure1). BAC was found in 
the majority of CKD stage 4 patients with 
abnormal lipid profile parameters, 
hypermagnesemia, hypocalcemia, hyper-
parathyroidism and increased FGF-23 levels 
(502.27±130.45 ng/ml) (Table 2). The mean 
serum level of FGF-23 in the positive BAC 
patients was 307.88 ± 112.32 ng/ml and was 
highly elevated than negative BAC patients 
84.96± 45.12 ng/ml (P=<0.001) (figure 2A).  
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Table 1: Demographic and clinical data of the study population 

Group Stage 2 Stage 3 Stage 4 Control 
p-value 

Variables Attributes n (%) n (%) n (%) n (%) 

Hypertension@ 
No 19 (21.6%) 3 (13.6) 6 (27.3) 0 (0) 10 (45.5) 

0.002* 
Yes 69 (78.4%) 19 (86.4) 16 (72.7) 22 (100) 12 (54.5) 

Dyslipidemia@ 
No 45 (51.1%) 15 (68.2) 11 (50) 4 (18.2) 15 (68.2) 

0.002* 
Yes 43 (48.9) 7 (31.8) 11 (50) 18 (81.8) 7 (31.8) 

Use of anti-
coagulation@ 

No 83 (94.3%) 21 (95.5) 22 (100) 20 (90.9) 20 (90.9) 
0.506 

Yes 5 (5.7%) 1 (4.5) 0 (0) 2 (9.1) 2 (9.1) 

Breast arterial 
calcification@ 

No 56 (63.6%) 17 (77.3) 14 (63.6) 4 (18.2) 21 (95.5) 
<0.001* 

Yes 32 (36.4%) 5 (22.7) 8 (36.4) 18 (81.8) 1 (4.5) 

$Age 

Mean± SD 
39.98+10.82 

41.81±9.53 36.50±11.52 47.86±9.54 33.77±7.01 <0.001* 

Range 41 (60-19) 
@=Data are presented as N (%) calculated by Chi-square test, $=data are presented as Mean + SD calculated by 
ANOVA test; , * Significant difference (P-value < 0.05 

 
Additionally, the CKD patients at stage 4 
with positive BAC have a significantly high 
level of serum FGF-23 (486.11±118.57 ng/ml) 
when compared to patients with different 
CKD stages (figure 2B). Meanwhile, there 
was a positive correlation between serum 
levels of FGF-23 and positive BAC in the 
studied participants (r = 0.616, P= <0.001). 

Receiver operator characteristic (ROC) 
curve analysis was performed and showed 
serum FGF-23 as a potential predictor of 
breast arterial calcification (AUC=0.874) in 
CKD patients at the cut-off point of 
77.5ng/ml with a sensitivity of 78% and a 
76% of specificity (figure 3).  

 
 

 
Figure 1: Frequency of breast arterial calcification among the study population 
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Table 2: Biochemical characteristics of the subjects stratified by each of the CKD 
stages from 2 to 4 and the control group 

Group Stage 2 (22) Stage 3 (22) Stage 4 (22) Control (22) p-value 

Variables N (%) N (%) N (%) N (%) 

HDL (mg/dl) 
Normal 
Low 
Mean ± SD 

 
15 (68.2) 

 
12 (54.5) 

 
4 (18.2) 

 
15 (68.2) 

 
0.002* 

7 (31.8) 10 (45.5) 18 (81.8) 7 (31.8) 
57.50±17.44 55.22±22.75 37.27±16.95 57.68±18.11 0.001* 

LDL (mg/dl) 
Normal 
Abnormal 
Mean ± SD 

 
15 (68.2) 

 
11 (50) 

 
4 (18.2) 

 
15 (68.2) 

 
0.002* 

7 (31.8) 11 (50) 18 (81.8) 7 (31.8) 
98.86±37.28 118.40±35.70 150.68±34.16 107.95±39.17 <0.001* 

VLDL (mg/dl) 
Normal 
Abnormal 
Mean ± SD 

 
15 (68.2) 

 
10 (45.5) 

 
4 (18.2) 

 
15 (68.2) 

 
0.002* 

7 (31.8) 12 (54.5) 18 (81.8) 7 (31.8) 
38.18±20.73 37.27±15.40 67.27±24.57 35.09±22.52 <0.001* 

Triglyceride(mg/dl) 
Normal 
Abnormal 
Mean ± SD 

 
15 (68.2) 

 
10 (45.5) 

 
4 (18.2) 

 
15 (68.2) 

 
0.002*  7 (31.8) 12 (54.5) 18 (81.8) 7 (31.8) 

190.90±40.82 186.36±77.04 336.36±122.85 175.45±112.62 <0.001* 

Cholesterol(mg/dl) 
Normal 
Abnormal 
Mean ± SD 

 
15 (68.2) 

 
9 (40.9) 

 
4 (18.2) 

 
15 (68.2) 

 
0.001*  7 (31.8) 13 (59.1) 18 (81.8) 7 (31.8) 

194.54±40.82 210.22±33.00 256.59±36.85 200.50±42.18 <0.001* 

Creatinine (mg/dl) 
Mean ± SD 

1.14±0.95 2.10±0.24 3.13±0.53 0.67±0.98 <0.001* 

eGFR Mean ± SD 67.95±7.25 34.85±4.16 21.06±3.89 134.17±29.52 <0.001* 

Mg(mg/dl) 
Normal 
High 
Mean ± SD 

22 (100) 15 (68.2) 3 (13.6) 22 (100) 
<0.001* 

0 (0) 7 (31.8) 19 (86.4) 0 (0) 

1.86±0.26 2.09±044 3.14±0.61 1.91±0.23 <0.001* 

Phosphorus(mg/dl) 
Normal 
High 
Mean ± SD 

 
19 (86.4) 

 
13 (59.1) 

 
4 (18.2) 

 
22 (100) <0.001* 

3 (13.6) 9 (40.9) 18 (81.8) 0 (0) 
3.85±0.53 4.38+0.34 5.61±1.01 3.69±0.38 0.138 

Calcium(mg/dl) 
Normal 
Low 
Mean ± SD 

 
15 (68.2) 

 
13 (59.1) 

 
0 (0) 

 
22 (100) <0.001* 

7 (31.8) 9 (40.9) 22 (100) 0 (0) 
9.29±0.57 8.67±0.45 7.56±0.64 9.72±0.39 <0.001* 

PTH (pg/ml) 
Normal 
High 
Mean ± SD 

 
17 (77.3) 

 
13 (59.1) 

 
0 (0) 

 
22 (100) 

 
<0.001* 

5 (22.7) 9 (40.9) 22 (100) 0 (0) 
65.23±11.28 68.41±8.2 125.68±33.82 33.41±9.56 <0.001* 

FGF-23 (ng/ml) 
Normal 
High 
Mean ± SD 

 
17 (77.3) 

 
1 (4.5) 

 
0 (0) 

 
22 (100) 

 
<0.001* 

5 (22.7) 21 (95.5) 22 (100) 0 (0) 
41.55±9.73 93.64±15.75 502.27±130.45 26.64±9.26 <0.001* 

Data are presented as N (%) * Significant difference (P-value < 0.05), Mean ± SD were determined 
using Kruskal-Wallis test and ANOVA 

 



 
85 Breast arterial calcification and chronic kidney disease 

 
 

 
 

 
Mostly, all the variables except for the use 
of anticoagulation had statistical signifi-
cance regarding the presence of BAC in 
mammograms and this was detected by 
using a simple regression model to identify 
the risk factors of BAC (table 3A, B). Each 
row represents a separate model of 
prediction. Each model means that for 
every change of beta (β) arterial calcifi-

cation occurs/happens. All these models 
consider calcification as a binary (yes/no) 
variable, e.g.: BAC occurs starting stage 
2.183 (if stages can be arbitrarily consider-
ed as a continuous variable from 0 
(control) to 4). The analyses between 
variables and BAC were done using a one-
to-one relationship using univariate 
analyses.  

 
Table 3: (A) Simple logistic regression models for BAC (Qualitative variables) 

Model Variables Β p-value OR 95% CI for OR 

1 Hypertension 2.687 <0.05* 14.684 (1.855 - 116.229) 

2 Dyslipidemia 4.733 <0.05* 113.667 (14.043 - 920.019) 

3 Use of anti-coagulation 2.061 0.071 7.857 (0.838 - 73.661) 

4 Staging 1.183 <0.05* 3.263 (1.88 - 5.664) 

Discussion 

The presence of VC has been associated 
with a several-fold increase in the risk of 
morbidity and mortality in both the general 
population and CKD patients which are 
considered as a cardiovascular risk 
marker(4). The prevalence of VC increases 
steadily through the stages of CKD peaking 

in CKD Stage 5D patients so our study aims 
at early detection of BAC in different 
stages of CKD (stages 2, 3& 4) patients. In 
this study, we found that there were 
statistically significant differences bet-
ween groups regarding the high levels of 
serum FGF-23 and the presence of BAC 
among CKD patients specially stage 4 CKD 
patients.  

 
Table (3) (B): Simple logistic regression models for BAC  

(Quantitative variables) 

Model Variables Β p-value OR 95% CI for OR 

1 Age 0.253 <0.05* 1.289 (1.164 - 1.427) 

2 HDL -0.125 <0.05* 0.883 (0.837 - 0.931) 

3 LDL 0.058 <0.05* 1.060 (1.036 - 1.084) 

4 VLDL 0.100 <0.05* 1.105 (1.065 - 1.147) 

5 Triglycerides 0.020 <0.05* 1.020 (1.013 - 1.028) 

6 Cholesterol 0.054 <0.05* 1.056 (1.034 - 1.078) 

7 Creatinine 1.287 <0.05* 3.622 (2.019 - 6.495) 

8 eGFR -0.047 <0.05* 0.954 (0.932 - 0.977) 

9 Magnesium 1.791 <0.05* 5.996 (2.436 - 14.758) 

10 Phosphorus 1.814 <0.05* 6.133 (2.599 - 14.47) 

11 Calcium -1.772 <0.05* 0.170 (0.079 - 0.365) 

12 Parathormone 0.043 <0.05* 1.044 (1.023 - 1.065) 

13 FGF23 0.006 <0.05* 1.006 (1.003 - 1.009) 
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BAC represents 22.7% of stage 2, 36.4% of 
stage 3, and 81.8% of stage 4. The age 
ranged from 19 to 60 years with a 
significant difference in age between all 
groups. Although CKD is proved to be a risk 
factor for VC, it is difficult to determine at 

which stage this risk begins so it is better 
to assess the progression rather than 
quantity, which can be affected by the 
duration of CKD and the presence of many 
other risk factors like hypertension, 
dyslipidemia and electrolyte disturbance.  

 

 
Figure 2: Fibroblast growth factor-23(FGF-23) serum levels in the studied population 

A: comparison of FGF-23 serum means levels in patients with negative breast arterial calcification (BAC) and 
positive BAC in the studied population, B: distribution of FGF-23 serum levels in positive BAC patients of the 

different groups. C: correlation of mean serum levels of FGF-23 and positive BAC in the studied groups  
(r =0.616, P=<0.001). 
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Hassan et al. (2012) found that 25% of 
stage 3, 40% of stage 4, and 60% of stage 5 
CKD patients had BAC. Although the 
prevalence of CKD increases with age and 
age is used to calculate eGFR and there-
fore to assign CKD stage, this cannot 
explain the increased prevalence of BAC in  

CKD(2). While others found that 50% of 
stage 3, 83% of stage 4, and 91% of stage 5 
CKD patients had abdominal aortic calcifi-
cation (by CT without contrast(14). Manz-
oor et al. (2018) reported an increase in 
the prevalence of BAC in women with 
stage 4 or 5 CKD, but not CKD 3(4).  

 
Test Result Variable(s): FGF-23 

Area Standard error p-value 95% CI of area Cut-off Point  Sensitivity Specificity 

87.4% 0.037 <0.001 (0.802 - 0.946) 77.5 ng/ml 78% 76% 

 
 

Figure3: Receiver operator characteristic (ROC) curve analysis  
Serum FGF-23 as a potential predictor of vascular calcification at the cut-off  

point of 77.5ng/ml with a sensitivity of 78% and a specificity of 76%. 

 
Also, Górriz, et al. (2015), in their study 
showed an increase in calcification of hand 
arteries in stages 4 and 5 compared to 
stage 3, however, the latter study did not 
examine earlier stages(15). We evaluated 
the presence of VC by using mammograms 
to detect BAC and we found that there 
were significant relationships regarding 
the presence of BAC in hypertensive and 
dyslipidemic patients in different stages of 
CKD and control groups as higher 
frequency of BAC in hypertensive and 

dyslipidemic patients with a gradual 
increase in the number of patients with 
BAC with the progression of CKD staging. 
There was no significant relationship 
between groups regarding the use of 
anticoagulation and the presence of BAC 
and this may be due to the small number of 
included patients that were kept on oral 
anticoagulants during or years before our 
study. VC with the use of oral anti-
coagulants is usually dependent on dose 
and duration of administration(16). Also, we 

https://www.ncbi.nlm.nih.gov/pubmed/?term=G%26%23x000f3%3Brriz%20JL%5BAuthor%5D&cauthor=true&cauthor_uid=25770175
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found statistically significant differences 
between study groups regarding the 
presence of BAC among study groups 
subdivided by abnormal lipid profile 
constituents (low HDL, high LDL, high 
VLDL, high triglyceride, and high 
cholesterol). Biyik, et al. in 2016 found that 
there was no significant correlation 
between the presence of VC and lipid 
levels and systolic and/or diastolic blood 
pressure(17). While S. McLenachan and his 

colleagues found that 36% of hypertensive 
patients in their study had BAC(18). Yıldız, et 
al. (2016) found that LDL and non-HDL 
levels were significantly higher, HDL levels 
were significantly lower in the CKD group 
compared to the control group and a 
significant positive correlation was found 
between BAC and lipid indices with both 
LDL and non-HDL were positively 
correlated whereas HDL was negatively 
correlated with the BAC(19).

  
 

  
Figure (4A): BAC inpatient within-group (A) Figure (4B): BAC in a patient within-group (B) 

This figure shows the presence of punctuating 
VCs, grade (2) BAC on the four-point scale in 
stage 2 CKD patients. 

This figure shows the presence of 
punctuating VCs, grade (2) BAC on the four-
point scale in stage 3 CKD patients. 

 

  

Figure (4C): BAC in a patient within-group (C) Figure (4D): BAC in a patient within-group (C) 

This figure shows the presence of coarse (tram 
track) VCs affecting three vessels, grade (4) 
BAC on the four-point scale in stage 4 CKD. 

This figure shows the presence of coarse (tram 
track) VCs affecting one vessel, grade (3) BAC 
on the four-point scale stage 4 CKD patient. 

 
Figure 4: The radiological presentation of BAC in different stages of CKD 

Tantisattamo, et al. in 2015 found that the 
prevalence of BAC is increased in women 
with current or past warfarin use indepen-

dent of other risk factors and conditions 
predating warfarin use. This effect appears 
to be cumulative and may be irre-

https://www.sciencedirect.com/science/article/pii/S2214762416300093#!


 
89 Breast arterial calcification and chronic kidney disease 

 
 

 
 

versible(20). The use of warfarin is 
associated with an increase in systemic 
calcification, including the coronaries and 
peripheral vasculature. This increase in VC 
is due to inhibition of the enzyme MGP that 
is a vitamin K-dependent protein, resulting 
in the accumulation of undercarboxylated 
protein that lacks calcification inhibitory 
capacity and, consequently, promotes 
vascular mineralization(21). We found that 
BAC starts at stage 2.183 (if stages can be 
arbitrarily considered as a continuous 
variable from 0(control) to 4). Biyik, et al. 
used a Univariate logistic regression 
analysis that showed that VC presence 
(detected by Abdominal aortic calcification 
(AAC)) was correlated with age in the pre-
dialysis group. There was no significant 
correlation between VC and smoking, 
corrected serum Ca and lipid levels, 
proteinuria, and systolic or diastolic blood 
pressure. There was a positive association 
between the VC presence and history of 
DM, serum P, CRP, and history of CVD. 
There was also a significant relationship 
between the AAC presence and eGFR, 
albumin.(17) Dhakshinamoorthy, et al. in 
their Univariate logistic regression analysis 
observed that the significant risk factors 
for the presence of VC were age and high 
sensitive CRP. There was a non-significant 
association between VC and serum Ca 
levels(22). Elevated phosphate, calcium, 
PTH, and FGF23 levels are all associated 
with vascular calcification in patients with 
CKD and may directly promote 
calcification(10). The biochemical analysis in 
this study showed significant differences in 
terms of all lipid profile parameters, serum 
creatinine, eGFR, and serum Mg, serum Ca, 
serum P, PTH, and FGF23. At Stage 4 CKD, 
patients had the highest prevalence of 
disturbance of lipid profile, hypr-mag-
nesemia, hypocalcemia, hyper-phosphat-
emia, and increased both PTH & FGF23. 
Hassan, et al. at 2012 found that Whereas 

levels of PTH and FGF-23 are elevated in 
stage 3 CKD, the prevalence of 
hyperphosphatemia is still low but 
increases sharply in stage 4 CKD, 
corresponding to the significant increase in 
BAC(23) While Bureo and his colleagues 
concluded in their study that hypocalcemia 
was found in 20.9% of patients with stage 3 
CKD and 30.3% of stage 4 patients. Median 
PTH in stage 3 patients was 86 pg/mL; 
62.9% of these patients had PTH levels ≥70 
pg/mL, and 32.7% values ≥110 pg/mL. In 
stage 4 patients, the median PTH level was 
120 pg/mL. Of these, 77.9% had PTH ≥70 
pg/mL, and 54.1% PTH ≥110 pg/mL(24). 
Another study detected that women with 
higher serum FGF-23 had a significantly 
lower education level, higher serum 
creatinine, lower eGFR, lower HDL 
cholesterol, higher PTH, lower 1,25(OH)2D, 
higher 25(OH)D, higher calcium, higher 
phosphate; higher prevalence of 
hypertension, coronary artery disease, 
congestive heart failure, and CKD; and 
lower prevalence of the chronic 
obstructive pulmonary disease.(25) FGF-23 
concentrations increase with declining 
renal function among patients with 
CKD.(26). Also, we found statistically 
significant differences and a positive 
correlation between study groups 
regarding the presence of BAC and high 
FGF23. Using the ROC curve, we found that 
the cut-off point for FGF-23 to predict BAC 
is 77.5 ng/ml and this was statistically 
significant (the sensitivity 78%, the 
specificity of 76%).  

Conclusion 

We found that VC begins late in stage 2 
CKD, with a gradually increased prevalence 
through stage 3, and becomes significantly 
higher in stage 4. These results suggest 
that preventive strategies may need to 
begin as early as stage 2 CKD. FGF-23 could 

http://www.sjkdt.org/searchresult.asp?search=&author=Jagadeswaran+Dhakshinamoorthy&journal=Y&but_search=Search&entries=10&pg=1&s=0
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be a good predictor of BAC in CKD and a 
biomarker of early cardiovascular events. 
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