
Xiang et al 

Trop J Pharm Res, November 2021; 20(11): 2451 
 

Tropical Journal of Pharmaceutical Research November 2021; 20 (11): 2451-2457 
ISSN: 1596-5996 (print); 1596-9827 (electronic) 

© Pharmacotherapy Group, Faculty of Pharmacy, University of Benin, Benin City, 300001 Nigeria.  
 

Available online at http://www.tjpr.org 
http://dx.doi.org/10.4314/tjpr.v20i11.30 

Original Research Article 
 
 

Cardiovascular calcification in chronic kidney disease: 
Risk factors and effect of α-keto acid tablets 

 
Ning Xiang1*, Haijun Liao2, Zichen Zhai2, Jingwen Gong2 
1Department of Geriatrics, Affiliated Hospital of Guizhou Medical University, 2Guizhou Medical University, Guizhou 550004, 
China 
 
*For correspondence: Email: kan6mw@163.com 
 
Sent for review: 17 July 2021         Revised accepted: 5 October 2021 
 

Abstract 

Purpose: To investigate the effect of α-keto acid tablets, and risk factors for cardiovascular calcification 
in patients with chronic kidney disease (CKD). 
Methods: A total of 128 CKD patients were enrolled in this study. They were randomly assigned to 
study and control groups, each with 64 patients. Control patients received symptomatic treatment, while 
the study group patients received α-keto acid tablets plus. Indices of cardiovascular calcification, blood 
lipids and mineral metabolism were determined in the 2 groups of patients and compared. Risk factors 
for cardiovascular calcification were also analyzed. 
Results: After treatment, the two groups had decreased CACS scores and reduced serum FGF-23 
levels, with lower values in patients in the study group. Levels of Klotho and fetuin-A were significantly 
elevated after treatment, with higher values observed in study group patients. The degree of 
cardiovascular calcification was markedly lower in study group than that in controls. There was no 
significant difference in blood Ca level between the control and study groups before and after treatment. 
Logistic multivariate analysis demonstrated that hyperlipidemia, hyperphosphatemia, hypercalcemia, 
hypertension and diabetes put patients at risk for cardiovascular calcification. 
Conclusion: Compound α-keto acid tablets delay cardiovascular calcification in patients with CKD, and 
alleviate symptoms of related risk factors for cardiovascular calcification. 
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INTRODUCTION 
 
Chronic kidney disease (CKD) is one of the most 
common chronic ailments at present, with a 
prevalence of about 5 – 10 %, and it is 
associated with heavy burden on global public 
health resources [1,2]. Cardiovascular 
calcification is a common complication in patients 

with CKD, and it may be fatal for patients with 
terminal-stage renal ailment [3]. A prospective 
study on 110 maintenance hemodialysis patients 
with cardiovascular risk showed that each 1-point 
increase in carotid calcification score resulted in 
a 2.6-fold increase in death risk [4].  
 
Nonetheless, there is no effective treatment for 
cardiovascular calcification in patients with CKD. 
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Conventional treatment is applied using low 
protein diet to prevent and treat kidney damage 
caused by proteins [5]. Cardiovascular 
calcification in CKD patients is attributed to 
disorders in mineral metabolism. Studies have 
demonstrated that α-keto acid tablets are 
calcium salts which regulate disorders in calcium 
and phosphorus metabolism in patients [6,7]. 
However, there are no studies on the 
suppressive effect of compound α-keto acid 
tablets on cardiovascular calcification process in 
patients with CKD. 
 
Therefore, this study was carried out to provide 
effective treatment guide for cardiovascular 
calcification in patients with CKD through 
investigation of the effect of compound α -keto 
acid tablets on cardiovascular calcification 
process in these patients. 
 
METHODS 
 
Patients 
 
A total of 128 patients with CKD were recruited 
from July 2016 to March 2019, as research 
subjects. The diagnosis of CKD was based on 
National Kidney Foundation/ Kidney Disease 
Outcome Quality Initiative (NKFK/DOQI) 
classification standard [8]. Glomerular filtration 
rate (eGFR) was measured as stipulated in 
Modification of Diet in Renal Disease (MDRD). 
The patients comprised 73 males and 55 
females, and they were assigned to study and 
control groups (n = 64 each).  
 
Patients with acute infection or trauma, those 
with severe cardiovascular and cerebrovascular 
diseases, malignant tumors or blood diseases; 
and patients with obvious mental disorders were 
excluded from the study. All patients signed 
informed consent form. The study was approved 
by the institutional ethics committee of Affiliated 
Hospital of Guizhou Medical University, Guizhou, 
China (approval no. = GZ15038864). The 
protocol used in the study was in line with the 
guidelines for human studies in the Declaration 
of Helsinki [9]. 
 
Treatments 
 
All patients were given low-phosphorus and low-
protein diet. Erythropoietin was administered via 
subcutaneous injection at a dose of 10,000 
U/day. Folic acid was given at an oral dose of 5 
mg thrice daily. Iron was administered to all 
patients to maintain hemoglobin (Hb) at normal 
level, and to correct anemia and acidosis. 
Symptomatic treatments such as blood pressure 
control and blood sugar control were 

administered according to the patients' 
conditions. Moreover, the study group was 
treated with compound α-keto tablets which were 
given orally three times a day. Patients in both 
groups were observed for 6 months. 
 
Measurement of cardiovascular calcification 
 
Imaging: 64-slice spiral CT was used for plain 
scanning of the coronary artery. A slice of 
thickness 5 mm, CT peak >130H, and 
calcification area ≥1 mm2 was adjudged as 
positive indication of coronary artery calcification. 
Coronary artery calcification score (CACS) was 
calculated as indicated in Eq 1. 
 
CACS = CTpc x CA ………… (1) 
 
where CTpc is CT peak coefficient, and CA is 
calcification area. 
 
Determination of serum cardiovascular 
calcification index 
 
The levels of fibroblast growth factor (FGF-23), 
Fetuin-A and Klotho were determined using their 
respective enzyme-linked immunsorbent assay 
(ELISA) kits. 
 
Determination of lipid metabolism indices 
 
Sera from fasting venous blood were subjected 
to assay of levels of triglycerides (TGs) and total 
cholesterol (TC) using an automatic Biochemical 
Analyzer (Thermo Scientific™ Indiko™). 
 
Determination of mineral metabolism index  
 
Blood levels of calcium (Ca) and phosphorus (P) 
were determined in fasted venous bllod using an 
automatic Biochemical Analyzer, and the 
calcium-phosphorus product (Ca × P) was 
calculated. 
 
Statistical analysis 
 
The data obtained in the study were analyzed 
using SPSS version 19.0 software. Measurement 
data are presented as mean ± standard deviation 
(SD), and were compared between the two 
groups using Student’s t-test. Paired t-test was 
used for comparison of data before and after 
treatment. Counting data are presented as 
number and percentage [n, (%)], and were 
analyzed using chi-squared (ꭓ2) test. Logistic 
regression model was used to analyze risk 
factors for secondary cardiovascular calcification. 
Values of p < 0.05 were taken as indicative of 
statistically significant differences. 
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RESULTS 
 
Clinical profiles of patients  
 
There were no significant differences in gender, 
age, BMI and CKD types between the control 
and study groups (p > 0.05). 
 
Indices of cardiovascular calcification  
 
After treatment, patients in the two groups had 
decreased CACS scores and reduced serum 
FGF-23 levels, with lower values in study group 
patients. The levels of Klotho and fetuin-A were 
significantly elevated after treatment, with higher 
values in study group. After 6 months of 
treatment, 21 study group patients had 
cardiovascular calcification, accounting for an 
incidence of 32.81 %. There were 38 patients 
cardiovascular calcification in the control group, 
accounting for an incidence of 59.37 %. The 
incidence of cardiovascular calcification was 
markedly lower in the study group than in 
controls. 
 

 
 
Figure 1: Incidence of cardiovascular calcification. *P 
< 0.05  
 

       Table 1: Profiles of patients [n (%)] 
 

Variable Study group 
(n=64) 

Control group 
(n=64) 

ꭓ2 P-value 

Gender   0.287 0.592 

Male  35 (54.69) 38 (59.38)   

Female  29 (45.31) 26 (40.63)   

Age (years)   0.031 0.860 

≤57 31(48.44) 30 (46.88)   

>54 33 (51.56) 34 (53.13)   

BMI (kg/m2)   0.032 0.858 

≤23 28 (43.75) 27 (42.16)   

>23 36 (56.25) 37 (57.81)   

Smoking history   0.126 0.723 

Yes 30 (46.88) 28 (43.75)   

No 34 (53.13) 36 (56.25)   

Type of kidney disease   0.130 0.988 

Chronic 
glomerulonephritis 

21(32.81) 20 (31.25)   

IgA nephropathy 11(17.19) 12 (18.75)   

Diabetic nephropathy 17(26.56) 16 (25.00)   

Hypertensive nephropathy 15 (23.44) 16 (25.00)   

High blood lipid level   0.125 0.724 

Yes 34 (53.13) 32 (50.00)   

No 30 (46.88) 32 (50.00)   
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Blood lipid profiles  
 
After treatment, the levels of TC and TGs in both 
groups were significantly decreased, while the 
levels of TC and TGs in the study group were 
markedly decreased, relative to the control group 
(p < 0.05). 
 

 
 
Figure 2: Effect of treatments on blood lipid indexes in 
the two groups. *P < 0.05 
 
Mineral metabolism indices  
 
After treatment, blood levels of P and calcium-
phosphorus product (Ca × P) in both groups 
were markedly decreased, and their values were 
markedly lower in study group patients than in 
controls. There were no significant changes in 
the blood levels Ca in both groups (p > 0.05). 
These results are shown in Figure 3. 
 

 
 
Figure 3: Effect of treatments on mineral metabolism 
indexes in the two groups. *P < 0.05 
 
Univariate analysis of secondary 
cardiovascular calcification in the patients 
 
Patients with vascular calcification (n = 59) and 
non-vascular calcification patients (n = 69) were 
analyzed. Single factor analysis showed no 
significant differences in terms of gender and age 
between both groups (p > 0.05). In contrast, the 
application of compound α ketoacid tablets 
resulted in significant differences in incidents of 
hyperphosphatemia, hypercalcemia, 
hypertension and diabetes (p < 0.05; Table 2). 
 

Table 2: Univariate analysis of factors likely to have negative impact on patients with hypothyroidism and cardiac 
insufficiency 
 

Variable Vascular calcification 
group n=59

Non-vascular 
calcification group n=69

t/χ2 P-value 

Gender [n, (%)]  0.054 0.816
Male  33(55.93) 40 (57.97)   
Female  26 (44.07) 29 (42.03)   
Age (years) 57.85±5.42 57.12±5.17 0.779 0.438 
BMI (kg/m2) 23.05±1.32 22.75±1.28 1.303 0.195
Smoking history   0.382 0.537 
Yes 25 (42.37) 33 (47.83)   
No 34 (57.63) 36 (52.17)   
Hyperphosph- 
atemia 

  24.38 <0.001 

Yes 47 (79.66) 25 (36.23)   
No 12 (20.34) 44 (63.77)   
Hypercalcemia  15.17 <0.001
Yes 42 (71.19) 28 (40.58)   
No 17 (28.81) 47 (68.12)   
Hypertension   14.46 <0.001 
Yes 32 (54.24) 15 (21.74)   
No 27(45.76) 54 (78.26)   
Diabetes   13.26 <0.001 
Yes 36 (61.02) 20 (28.99)   
No 23 (38.98) 49 (71.01)   
High blood lipids  14.09 <0.001
Yes 41(69.49) 25 (36.23)   
No 18 (30.51) 44 (63.77)   
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         Table 3: Risk factors for cardiovascular calcification 
 

Variable β SE Wald OR 95 % CI P 

High blood lipids 0.468 0.213 4.671 1.625 1.033-2.411 0.012 

Hyper- 
phosphatemia 

0.926 0.191 5.062 2.533 1.754-3.604 <0.001 

Hypercalcemia 0.4347 0.135 9.151 1.532 1.172-2.033 0.001 

Hypertension 1.064 0.458 5.262 2.988 1.145-7.531 0.015 

Diabetes 0.976 0.344 7.012 2.687 1.283-5.571 0.005 

           SE = Standard Error; OR = Odds Ratio; CI = Confidence Interval 
 
Multivariate analysis of factors likely to have 
negative impacts on patients having 
hypothyroidism and cardiac insufficiency 
 
Patients with hyperlipidemia, hyperphospha-
temia, hypercalcemia, hypertension and diabetes 
were analyzed, with cardiovascular calcification 
as dependent variable. Results of logistic 
regression analysis showed that hyperlipidemia, 
hyperphosphatemia, hypercalcemia, hyperten-
sion and diabetes constituted independent pre-
disposing factors for cardiovascular calcification. 
 
DISCUSSION 
 
Vascular calcification constitutes a serious threat 
to the cardiovascular health of patients with 
kidney disease [10]. Therefore, the risk factors 
associated with the development of 
cardiovascular calcification were analyzed in the 
present study, with a view to providing data 
which will contribute to the prevention of 
cardiovascular calcification and reduction in 
deaths due to cardiovascular disease in CKD 
patients. 
 
Compound α-keto acid tablet, a compound 
preparation containing 5 amino acids, 4 keto 
amino acids (calcium salts), and 1 hydroxy amino 
acid (calcium salt), provides essential amino 
acids for patients with CKD through amination or 
transamination [11]. Moreover, compound α-keto 
acid tablets produces essential amino acids by 
interacting with urea nitrogen; it inhibits protein 
catabolism, and increases the level of amino acid 
metabolism and metabolic acidosis in vivo [12, 
13]. In addition, the calcium component of 
compound α-keto acid tablets combines with 
phosphorus in vivo and reduces blood 
phosphorus levels, thereby improving the 
metabolism of calcium and phosphorus in 
patients [14]. 
 
In this study, it was found that treatment with 
compound α-keto acid tablets resulted in marked 
lowering of blood levels of P and Ca × P in 
patients in the study group, when compared with 

patients in the control group, as well as effective 
improvement in blood lipid levels of patients, 
although there were no significant changes in 
blood Ca levels. A previous study [15] found that 
calcium salt of keto acid combined with 
phosphorus in intestinal tract, thereby reducing 
the absorption of phosphorus. Moreover, the 
application of compound α-keto acid preparation 
reduced the intake of sulfur and phosphorus 
amino groups, thereby leading to correction of 
metabolic acidosis [15]. This also explains how 
compound α-keto acid tablets reduce the level of 
P in blood. 
 
Through serum assays and CT examination, it 
was found that CACS score and serum FGF-23 
level were significantly reduced in both groups 
after treatment, with lower values in the study 
group. In contrast, the levels of Klotho and 
Fetuin-A were elevated in the two groups after 
treatment, with higher levels of Klotho and 
Fetuin-A obtained in study group patients. 
Osteoblasts secrete FGF-23, a regulator of 
calcium and phosphorus metabolism. It 
influences calcium and phosphorus metabolism 
by binding to the receptor of Klotho. As the 
disease advances, FGF-23 resistance and 
Klotho receptor may decrease, resulting in 
progressive increases in FGF-23 levels [16]. 
Klotho receptor inhibits calcification independent 
of FGF-23, a property which makes it useful as 
an endogenous inhibitor of vascular calcification 
[17]. Fetuin-A is a vascular calcification inhibitor 
which competitively combines with circulating Ca 
and P, thereby suppressing their deposition in 
pathological mineralized tissues, mineralized 
bone matrix and atherosclerotic plaques [18]. 
The results obtained in this study suggest that 
compound α-keto acid tablets may effectively 
delay cardiovascular calcification through a 
mechanism involving down-regulation of the 
expression of FGF-23 expression and up-
regulation of the expressions of Klotho and 
fetuin-a. 
 
Furthermore, results from risk factors analysis for 
cardiovascular calcification revealed that 
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hyperlipidemia, hyperphosphatemia, hypercalce-
mia, hypertension, and diabetes constituted 
independent predisposing conditions for 
cardiovascular calcification in CKD patients. A 
previous research revealed that lipid deposition 
on the vascular wall is one of the important 
material bases for cardiovascular calcification 
[19]. Results from another study showed that the 
application of compound α-keto acid reduced 
insulin resistance and enhanced the activities of 
liver lipase and lipoprotein lipase, thereby 
improving lipid metabolism and reducing 
cardiovascular calcification [20]. Moreover, it has 
been reported that hyperphosphatemia and 
hypercalcemia were risk factors for 
cardiovascular calcification [21]. The results of 
the present study suggest that compound α-keto 
acid contributes to mitigation of 
hyperphosphatemia in CKD patients. 
 
Limitations of the study 
 
The sample size used in this study was small. 
Moreover, the follow-up time was short. 
Therefore, there is need for further clinical 
studies to validate the findings reported here. 
 
CONCLUSION 
 
Compound α-keto acid tablets delays 
cardiovascular calcification in CKD patients and 
alleviates symptoms of related risk factors for 
cardiovascular calcification. 
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