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Abstract
Disorders of bone and mineral metabolism, vascular calcification 
and inflammation are associated with CKD. This study was 
undertaken to determine the correlation between biochemical 
variables of mineral metabolism, inflammation and calcification 
score in Indian CKD patients on hemodialysis. The mean age 
of the patients was 52.73 ± 13.97 years. 30/48 (62.5%) were 
males. 28/48 (58.3%) were diabetics. Mean duration of dialysis 
was 24.10 ± 23.53 months, serum calcium level was 8.15 ± 0.62 
mg/dl, serum phosphorus level 7.48 ± 2.68 mg/dl, Ca x PO4 60.60 
± 21.27 mg2/dl2, serum alkaline phosphatase 122.04 ± 63.77 
U/L, PTH level 407.28 ± 391.79 pg/ml, serum Vitamin D level 
39.28 ± 20.94 nmol/L, and AACS 4.52 ± 3.58. In the correlation 
analysis, there was positive correlation between AACS and age 
(r = 0.426, p = 0.003), AACS and duration of dialysis (r= 0.347, 
p = 0.016). Positive correlation was also found between duration 
of dialysis and albumin (r = 0.358, p = 0.013), duration of dialysis 
and calcium ( r = 0.350, p = 0.015 ), duration of dialysis and 
iPTH ( r = 0.548, p <0.001 ). Negative correlation was found 
between albumin and CRP (r = - 0.440, p = 0.002). There was 
positive correlation between Alkaline Phosphatase and duration of 
dialysis (r = 0.55, p <0.001), Alkaline Phosphatase and iPTH (r = 
0.46, p = 0.001). There was no significant correlation of calcium, 
phosphorus, iPTH, vitamin D and AACS. In conclusion, though 
our study had limited number of subjects, showed about 94% 
patients on regular haemodialysis had vascular calcification.
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I. Introduction
Disorders of bone and mineral metabolism and vascular calcification 
associated with CKD have been identified as major risk factors 
for cardiovascular morbidity and mortality. Abnormalities in 
mineral metabolism in general, and disturbances in phosphorus 
metabolism in particular, have traditionally been considered 
important determinants. Elevated serum phosphorus levels and 
high values for the calcium-phosphorus ion product in serum have 
often been associated with vascular calcification.1-3
Additionally, elevated plasma level of C-reactive protein (CRP) 
as a marker of acute phase inflammatory reaction has been proved 
to be a powerful predictor of cardiovascular and all causes of 
mortality in hemodialysis patients.4 The strong association between 
atherosclerosis, elevated CRP levels and hypoalbuminemia has 
led to the term malnutrition, inflammation and atherosclerosis 
(MIA) syndrome. 
Cardiac and vascular calcification is associated with a high 
calcium x phosphorus product, but it is additionally associated 
with biomarkers of inflammation. The extent of calcification can 
be accurately quantified with sophisticated radiological techniques 

such as Electron Beam Tomography (EBT) and multidetector 
Computed Tomography (CT). Although quantitatively accurate, 
both EBT and CT technologies are expensive, also deliver a 
substantial dose of radiation and cannot be easily performed in 
an ambulatory setting. The Global Bone and Mineral Initiative 
recently suggested that a plain lateral X-ray of the lumber spine 
to assess the presence of calcification of the abdominal aorta, the 
measurement of Pulse Pressure ( PP ) and the performance of an 
echocardiogram to visualize calcification of the cardiac valves, 
might provide useful diagnostic and prognostic information. These 
three techniques were therefore proposed as a substitute for the 
more sophisticated and expensive CT imaging tools because of 
their demonstrated prognostic significance. 

II. Materials and Methods
A total of 48 patients with chronic kidney disease stage 5 who 
were on regular twice per week hemodialysis were selected. 
Patients selected were on dialysis for minimum two months or 
more. These patients continued to receive phosphate binders or 
Vitamin D3 as required. Patients with signs of acute infection 
and / or inflammatory disease were excluded from the study. 
Venous blood sample was drawn in red top vacutainer which do 
not contain any preservative or anticoagulant. Serum albumin 
(Alb), serum calcium (Ca), serum phosphorus (PO4), serum Blood 
Urea Nitrogen (BUN) , serum creatinine (Cr), CRP and Alkaline 
Phosphatase (ALP) were measured on autoanalyser Synchron 
CX5 from Beckman Coulter. Intact PTH was analysed by Access 
2 from Beckman Coulter and Vitamin D by Elisa from Lilac. 
Abdominal Aortic Calcification Score (AACS) is evaluated from 
lateral lumbar spine X-ray.

III. Data Analysis
The data was analysed by using SPSS statistical package (version 
16.0; SPSS Inc., Chicago, IL, USA). The association among 
biochemical and demographic indices was tested by Pearson 
correlation. A p-value of <0.05 was considered to be statistically 
significant. 

IV. Results
The relationship between serum calcium, serum phosphorus, 
product of Ca and PO4, PTH, vitamin D (markers of mineral 
metabolism), CRP (marker of inflammation), AACS (indicator 
of vascular calcification) and demographics of the patients was 
studied.
A total of 48 patients were selected who were on regular 
hemodialysis. The mean age of the patients was 52.73 ± 13.97 
years. 30 patients (62.5%) were male and 18 female patients 
(37.5%). 58.3% of the patients were diabetic while 41.7% 
were non-diabetic. 13 patients (27.08%) were having known 
cardiovascular disease in our study while for 35 patients (72.92%) 
cardiovascular history was unknown. 54.17% of the total patients 
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were on hemodialysis for more than 12 months. Phosphate binders 
used by these patients are calcium acetate, calcium carbonate, 
sevelamer carbonate and lanthanum acetate. 
Vitamin D deficiency and insufficiency is highly prevalent in 
patients of chronic renal failure on hemodialysis. We found that 
89.58 % of the patients are vitamin D insufficient / deficient. 
24 patients (50.00%) had vitamin D between 30-75 nmol/L i.e. 
vitamin D insufficient, 19 patients (39.58%) had vitamin D levels 
less than 30 nmol/L i.e. vitamin D deficient while only 5 patients 
(10.42%) were having vitamin D levels more than 75 nmol/L i.e. 
vitamin D sufficient.
The AAC scores ranged from 0 to 18 in our study. Only 3 patients 
(6.25%) had 0 score i.e. no calcification, while 25 patients (52.08%) 
had little calcification (score between 1 to 4) and 20 patients 
(41.67%) had severe calcification (score > 4).   
Table 1 shows the mean age of the patients was 52.73 ± 13.97 
years, mean duration of dialysis was 24.10 ± 23.53 months, serum 
BUN was 77.17 ± 33.28 mg/dl, serum creatinine was 9.84 ± 2.81 
mg/dl,  serum albumin was 3.13 ± 0.43 gm/dl, serum calcium level 
was 8.15 ± 0.62 mg/dl, serum phosphorus level 7.48 ± 2.68 mg/
dl, Ca x PO4 60.60 ± 21.27 mg2/dl2, serum alkaline phosphatase 
122.04 ± 63.77 U/L, PTH level 407.28 ± 391.79 pg/ml, serum 
CRP level 1.64 ± 1.77 mg/dl, serum Vitamin D level 39.28 ± 20.94 
nmol/L, and AACS 4.52 ± 3.58

Table 1: Baseline Characteristics of the Study Population

Table 2 shows the correlation between demographics, biochemical 
variables and calcification score. In the correlation analysis, there 
was positive correlation between AACS and age (r = 0.426, p 
= 0.003), AACS and duration of dialysis (r= 0.347, p = 0.016). 
Positive correlation was also found between duration of dialysis 
and albumin (r = 0.358, p = 0.013), duration of dialysis and calcium 
( r = 0.350, p = 0.015 ), duration of dialysis and iPTH ( r = 0.548, 
p <0.001 ). Negative correlation was found between albumin 
and CRP (r = - 0.440, p = 0.002). There was positive correlation 
between Alkaline Phosphatase and duration of dialysis (r = 0.55, 
p <0.001), Alkaline Phosphatase and iPTH (r = 0.46, p = 0.001). 
There was no significant correlation of calcium, phosphorus, iPTH, 
vitamin D and AACS. 

V. Discussion
In addition to other complication, disturbances in mineral 
metabolism are common manifestation of CKD. Beginning in 
stage 3 CKD, the damaged kidney can neither fully excrete a 
phosphorus load nor can it convert vitamin D into its active 
metabolite 1,25 ( OH )2 D ( calcitriol )
As a result of this, serum calcium decreases and parathyroid 
hormone (PTH) secretion is stimulated. 

Table 2: Correlation Between Demographics, Biochemical Variables and Calcification Score
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Figs. in the parentheses are showing the level of significance. * 
Correlation is significant at the 0.05 level (2-tailed). ** Correlation 
is significant at the 0.01 level (2-tailed).
In several large observational studies, more than half of the 
patients with chronic renal failure or end –stage renal disease 
treated with hemodialysis or peritoneal dialysis, have severe hyper 
phosphatemia, a finding associated with increased mortality [1, 
5-9]. The mean phosphorus level was 7.48 ± 2.68 mg/dl, mean 
calcium level was 8.15 ± 0.62 mg/dl and mean iPTH level was 
407.28 ± 391.79 pg/ml in our study. 
Vitamin D deficiency and insufficiency were seen in 39.58% 
and 50.00%, respectively, of our patients on hemodialysis. Our 
findings were consistent with previous data which reported 22.6% 
vitamin D deficiency and 53.5% vitamin D insufficiency [10].
Abdominal Aorta Calcification (AAC) is a measure of subclinical 
cardiovascular disease. AAC score was investigated using plain 
lateral radiographs, which are widely available, easy to use, and 
relatively inexpensive and involve low exposure to radiation. The 
AAC score ranged from 0 to 18 in our study. Based on previous 
studies, [11, 12], patients had been divided into 3 groups: patients 
with no calcification (AACS 0), minimal calcification (AACS 
between 1 to 4) and severe calcification (AACS more than 4). 
It had been observed that 41.67 % of the study population had 
severe calcification, 52.08 % had minimal calcification and only 
6.25 % had no calcification. 
We found significant positive correlation between duration of 
dialysis and albumin. This was in contrast to the findings by Lowrie 
& Lew 1990 [13] and Owen et al 1993 [14] where they have found 
that albumin levels are lower in dialysis patients than among the 
general population and are a powerful predictor of mortality. One 
probable explanation is that our patients were malnourished by the 
time of initiation of dialysis and as duration of dialysis progresses, 
their appetite and nutritional status improves.  
The duration of hemodialysis was significantly correlated with 
iPTH. Previous studies  have also documented a positive correlation 
between serum iPTH with duration of dialysis treatment [15-16]. 
This positive linear relationship can be explained physiologically 
by the cumulative and prolonged uncorrected deficiency of 1,25-
dihydroxyvitamin D3 and related compounds as chronic kidney 
disease progresses. Studies have shown that consistent control of 
the markers of bone metabolism and disease (vitamin D, calcium, 
PTH, phosphorus) within published targets is a strong predictor 
of survival in hemodialysis patients [17-18]. We have found a 
significant positive correlation between duration of dialysis and 
calcium and also between duration of dialysis and AlP. There was 
a significant correlation between AlP and iPTH. Our finding is 
consistent with previous studies [19-21].
In our study we found negative correlation between serum albumin 
concentration and CRP levels. This finding is consistent with a 
study of subjects with reduced GFR in which greater baseline 
CRP levels correlated inversely with serum albumin levels and 
were predictive of albumin level decline at 1 year of follow-
up [22]. Data from the Hemodialysis Study showed that serum 
albumin concentrations over time were negatively associated with 
corresponding levels of several acute-phase proteins, including 
1-acid glycoprotein, ceruloplasmin, transferrin, and CRP [23]. 
In another study, patients with reduced GFR, CRP level was an 
independent weak determinant of serum albumin level [24]. Thus, 
markers of inflammation and malnutrition appear to be closely 
linked in kidney failure.
There was a significant age-related increase in AAC in the present 
study, a finding that has previously been shown in both non-renal 

[25-26] and renal [27] patients. The duration of dialysis correlates 
with calcification in the coronary [27], carotid and peripheral 
arteries, 28 but the association is less clear in the thoracic aorta 
[27]. There was a significant relation between dialysis vintage 
and AAC; each year on dialysis increased the odds for AAC ≥1 
by 11%.12 In the current study, we found a significant relation 
between duration of dialysis and AACS. No visible calcification 
in the abdominal aorta has been found in 19% of the patients, 
even though some of them were > 80 years of age [12]. Similar 
observations have been found in a previous study and it has been 
suggested that these individuals rarely develop calcification at 
follow-up [29]. However in a recent longitudinal study, Asmus et 
al 200530 followed 72 hemodialysis patients, of whom 41 used 
calcium-containing phosphate binders and 31 used sevelamer 
hydrochloride. A subset of these patients (15%) had no coronary 
or thoracic aortic calcification at baseline, but their calcification 
developed during 2 years of observation and was most prevalent in 
those receiving calcium-containing binders. Thus, it remains to be 
proven if the non-calcified patients have some typical biochemical 
and/or genetic features that protect them from calcification. 
Earlier studies have emphasized the need for control of 
hyperphosphatemia to improve the survival of ESRD patients. 
However, the use of calcium-containing phosphate binders 
in addition to long term medication with high doses of active 
vitamin D analogues may lead to hypercalcemia and metastatic 
calcification, increasing risk of cardiovascular deaths. Vascular 
and other abnormal tissue calcification are major causes of 
mortality in dialysis patients; they are associated with almost 
50% of cardiovascular deaths [31]. Thus, serum levels of calcium, 
phosphate and iPTH must be monitored regularly during vitamin 
D therapy and the dose of the medication should be adjusted 
accordingly. According to the National Kidney Disease Foundation-
Kidney Disease Outcomes Quality Initiatives (K/DOQI) guidelines 
published in 2003, serum levels of calcium, phosphorus, calcium-
phosphate product and iPTH levels should be tightly controlled 
in patients with CKD. Regular monitoring should be undertaken. 
Serum calcium should be maintained between 8.4 and 9.5 mg/dl, 
serum phosphorus between 3.5 and 5.5 mg/dl and iPTH in the 
range of 150 to 300 pg/ml [32].
Patients with chronic kidney disease (CKD) develop mineral 
and bone disorder as a result of impaired phosphorus excretion 
and reduced vitamin D activation. This progressive condition 
(stages 1-5) presents a significant health challenge, particularly 
in developing nations like India. It is estimated that India, with 
the highest incidence of diabetic and hypertension in the world, 
is likely to face catastrophic CKD/ESRD burden, with 25-40% of 
its population at risk. Recent research has identified disorders of 
bone and mineral metabolism and vascular calcification as a major 
marker for cardiovascular morbidity and mortality in patients with 
CKD. Against the background, we designed a cross-sectional 
study to identify the extent of bone and mineral disorder in our 
population of CKD patients (on regular dialysis) and correlated 
the various parameters with vascular calcification (measured non-
invasively with Abdominal Aortic Calcification Score).
The present cross-sectional study has some limitations. We may 
have missed significant associations among certain biochemical 
variables and vascular calcification, as a single baseline laboratory 
value may not reflect the time-averaged exposure. This may have 
lessened the strength of some of the predictors of calcification, 
especially those that vary widely day-to-day (e.g. serum 
phosphorus). Secondly, the lack of association with the biochemical 
markers may relate to small patient numbers in our study. Some 
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observational studies have reported a positive correlation between 
phosphate, PTH and calcium and vascular calcification, however, 
many others have not reported this association. 

VI. Conclusion
In conclusion, though our study had limited number of subjects, 
showed about 94% patients on regular haemodialysis had vascular 
calcification.
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