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Abstract
Disturbances in mineral and bone metabolism are common 
patients with chronic kidney disease (CKD). Renal osteodystrophy 
(ROD) affects skeletal growth and development and may result in 
increased morbidity and mortality. This is a cross-sectional study 
conducted to determine the prevalence and types of ROD in 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, iPTH level 407.28 
± 391.79 pg/ml, serum Vitamin D level 39.28 ± 20.94 nmol/L, 
and AACS 4.52 ± 3.58. 45/48 (93.75%) patients had vascular 
calcification, of which 20/48 (41.67%) had severe calcification. 
Depending on serum iPTH levels, the patients were divided into 
three groups: low turnover bone disease (iPTH < 100 pg/mL), 
high turnover bone disease (iPTH > 450 pg/mL) and a group 
with apparently normal PTH (iPTH 100 to 450 pg/mL). The 
prevalence of ROD among these patients was 41.67%. Of these, 
14/48 (29.17%) had laboratory evidence of high turnover bone 
disease, while 6/48 ( 12.5 %) had laboratory evidence of low 
turnover bone disease. In only 9/48 (18.8%) the serum levels of 
iPTH were within the target range recommended by the K/DOQI 
guidelines (150-300 pg/mL). This cross-sectional study, albeit in 
a limited number of patients, showed that the prevalence of ROD 
in our institution was high.
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I. Introduction
Long standing renal failure affects other organ systems including 
cardiovascular, haematologic and skeletal system. Renal 
osteodystrophy (ROD) is the term used to describe different patterns 
of skeletal abnormalities that can occur in the course of chronic 
kidney disease. This is a common complication among dialysis 
patients. The prevalence of ROD among patients with CRF and 
those on maintenance dialysis is 60-90% [1-3]. Factors implicated 
in the pathogenesis of renal osteodystrophy include the inability 
of diseased kidneys to produce 1, 25 dihydroxycholecalciferol 
or calcitriol (1, 25-Dihydroxy Vitamin D), phosphate retention, 
hypocalcemia and secondary hyperparathyroidism. Calcium and 
Calcitriol are primary feedback inhibitors and hyperphosphatemia 
is a stimulus to Parathyroid Hormone (PTH) synthesis and 
secretion. 
ROD is classified into the main categories which include high 
turnover bone disease with increased PTH (osteitis fibrosa cystica) 
more common with hemodialysis, low bone turnover from 
excessive suppression of the parathyroid glands (adynamic bone 
disease), low turnover bone disease and inadequate mineralization, 
primarily related diminished vitamin D synthesis (osteomalacia) 

more common with peritoneal dialysis, apparently normal PTH 
with elements of both high and low turnover (osteitis fibrosa and 
osteomalacia), and aluminium related bone disease.
PTH level is considered as a useful test in detecting high and low 
turnover bone disease [4] Bone biopsy remains the gold standard 
test in the assessment of ROD but due to its invasive nature, it is 
not performed routinely in clinical practice [5].
The purpose of the study was to determine the prevalence and 
distribution of metabolic bone disease as a cohort of chronic 
kidney patients on hemodialysis.  

II. Materials and Methods
A total of 48 patients with chronic kidney disease stage 5 
were selected from the dialysis unit of SPS Apollo Hospitals, 
Punjab,India. These patients were on regular haemodialysis 
twice per week. HD was performed using Fresenius machine 
4008S, polysulfone membrane dialyzer, and a dialysate solution 
containing 32 mmol/L of bicarbonate and 1.75 mmol/L of calcium. 
Inclusion criteria were duration of HD at least three months and 
age greater than 18 years. 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. 
Blood sample was drawn in red top vacutainers which do not contain 
any preservative or anticoagulant. Serum albumin (Alb), serum 
calcium (Ca), serum phosphorus (PO4), Blood Urea Nitrogen 
(BUN), serum creatinine (Cr), CRP and Alkaline Phosphatase 
(ALP) were measured on fully automated autoanalyser Synchron 
CX5 from Beckman Coulter. The reference ranges for these 
parameters were 3.5-5.0 mg/dL, 8.4-10.2 mg/dL, 2.5-4.5 mg/
dL, 6-20 mg/dL, 0.5-1.3 mg/dL, <0.75 mg/dL and 32-92 IU/L, 
respectively. Intact parathyroid hormone (iPTH) was analysed by 
chemiluminescence immunoassay on Access 2 from Beckman 
Coulter. The reference range for iPTH was 12-88 pg/ml. Vitamin D 
was measured by Elisa from Lilac. The interpretation for Vitamin 
D results was <30 nmol/L Vitamin D deficiency, 30-75 nmol/L 
Vitamin D insufficiency and >75 nmol/L Vitamin D sufficiency. 
Abdominal Aortic Calcification Score (AACS) is evaluated from 
lateral lumbar spine X-ray by a dedicated radiologist.
All study patients gave their consent to be included in the study.

III. Data analysis
The data was analysed by using SPSS statistical package (version 
16.0; SPSS Inc., Chicago, IL, USA). Data are represented as 
means ± SD. Comparison of the means was performed using an 
independent sample T-test and Pearson correlation was used to 
assess the inter-relationship between various examined markers. A 
p-value of <0.05 was considered to be statistically significant. 

IV. Results
of the 48 patients selected for the study, 30 patients (62.5%) were 
male and 18 patients (37.5%) were female. 58.3% were diabetics. 
The mean and standard deviation of demographics, laboratory 
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variables and calcification score for the entire study population 
are presented in table 1. The mean age of the patients was 52.73 ± 
13.97 years, mean duration of dialysis was 24.10 ± 23.53 months, 
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.
Intact PTH was used as marker for the non-invasive diagnosis 
of bone disease in our study. Patients with PTH levels less than 
100 pg/ml were categorised as having low bone turn over disease 
(adynamic bone disease and osteomalacia), PTH levels between 
100-450 pg/ml were having apparently normal PTH and patients 
with PTH levels more than 450 pg/ml have high bone turn over 
disease (Osteitis fibrosa). We found 28 of our patients (58.33%) 
had apparently normal PTH, 14 patients (29.17%) were having 
high bone turn over disease and 6 patients (12.50%) had low bone 
turn over as shown in Table 2.
The mean and standard deviation of demographics, laboratory 
variables and calcification score of the patients when categorized 
according to their iPTH levels are provided in table 3. The mean 
age of the patients with low bone turnover disease was 57.33 ± 
12.55 yrs and duration of dialysis was 15.17 ± 11.23 months. The 
mean serum albumin for this group of patients was 3.25 ± 0.42 
g/dl, serum calcium 8.60 ± 0.35 mg/dl, serum phosphorus 6.55 
± 2.53 mg/dl, Ca x PO4 55.97 ± 20.62 mg2/dl2 , serum alkaline 
phosphatase 68.67 ± 18.76 U/L, serum CRP 1.16 ± 1.75 mg/dl, 
Vitamin D 45.02 ± 25.39 nmol/L and AACS 3.67 ± 3.27. 
Patients with apparently normal PTH have mean age 51.86 ± 13.91 
years and duration of dialysis was 18.46 ± 16.13 months, mean 
serum albumin 3.02 ± 0.42 g/dl, serum calcium 8.15 ± 0.53 mg/
dl, serum phosphorus 7.40 ± 2.63 mg/dl, Ca x PO4 60.16 ± 21.07 
mg2/dl2, serum alkaline phosphatase 112.89 ± 50.08 U/L, serum 
CRP 1.88 ± 1.71 mg/dl, Vitamin D 40.72 ± 22.02 nmol/L and 
AACS 4.18 ± 3.50. The mean age of the patients with high bone 
turnover disease was 52.50 ± 15.23 yrs and duration of dialysis 
was 39.21 ± 32.57 months, mean serum albumin was 3.26 ± 0.46 
g/dl, serum calcium 7.96 ± 0.79 mg/dl, serum phosphorus 8.03 ± 
2.90 mg/dl,       Ca x PO4 63.46 ± 23.05 mg2/dl2, serum alkaline 
phosphatase 163.21 ± 77.70 U/L, serum CRP 1.36 ± 1.92 mg/dl, 
Vitamin D 33.94 ± 16.73 nmol/L and AACS 5.57 ± 3.88.
Table 4 shows the comparison between patients with apparently 
normal PTH and those with low bone turnover disease. Patients 
with apparently normal PTH had a negative statistical association 
with alkaline phosphatase. In table 5, a comparison between 
patients with apparently normal PTH and those with high bone 
turnover disease. Patients with apparently normal PTH again 
had a statistically significant negative association with alkaline 
phosphatase and duration of dialysis.     
Many studies have found that vitamin D deficiency and 
insufficiency is highly prevalent in patients of chronic renal 
failure on hemodialysis. In our study we found that 89.58 % of 
the patients are vitamin D insufficient / deficient. Table 6 shows 
that 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.

Table 1: Baseline Characteristics of the Study Population

Table 2: Distribution of Patients According to iPTH level

Table 3. Characteristics of the Patients According to their iPTH 
level

   

Table 4: Significant Parameters in Patients with Apparently 
Normal PTH Compared with Patients Having Low Bone Turnover 
Disease
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Table 5: Significant Parameters in Patients with Apparently 
Normal PTH Ccompared with Patients Having High Bone 
Turnover Disease

Table 6: Distribution of Patients According to Vitamin D level

V. Discussion
Bone metabolic disorders have always been of the most important 
complications associated with chronic renal failure. ROD is 
generally noted when the kidney loses about 50% of its function 
and almost all patients are affected when dialysis is required.4  
In our study the prevalence of ROD was 41.67%. A comparable 
prevalence has been reported.6  
Although phosphorus levels are maintained in the normal range in 
patients with CKD stages 3 and 4, there is a gradual increase in the 
serum levels, with progressive CKD indicating that a new steady 
state of slightly higher serum phosphorus and increased PTH is 
reached. For example, in a cross-sectional study throughout the 
United States, the mean serum phosphorus levels in patients with 
CKD stage 3 was 3.5 ± 0.5 mg/dl, stage 4 was 4.1 ± 1.1 mg/dl, 
stage 5 not on dialysis 4.4 ± 1.1 mg/dl7 while mean phosphorus 
levels in patients on hemodialysis was 6.2 ± 2.0 mg/dl8 and 5.27 
± 1.7 mg/dl.6 In our study, 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.
Studies have also indicated that calcidiol (25(OH) D) deficiency 
and insufficiency are common in CKD, with only  29% and 17% 
of stage 3 and 4 CKD subjects, respectively with sufficient levels. 
However, the prevalence of subjects with deficiency ( < 10 ng/ml 
)  14%and 26% in stage 3 and 4 respectively 7 was dramatically 
different compared with the general ambulatory population based 
on the NHANES III data in which deficiency was found to be 
rare.9 These results are also similar to a cohort of 76 Japanese 
subjects with CKD with mean calcidiol levels of 16.9 ng/ml.10 
Vitamin D insufficiency was found in 53.5% of the patients and 
vitamin D deficiency in 22.6% of the patients in a study done by 
Del Valle et al 200711 on hemodialysis patients. In our study, the 
mean vitamin D level was 39.28 ± 20.94 nmol/L. 39.58 % of the 
study population was vitamin D deficient. These studies support 
the concern raised by the K/DOQI guidelines that low calcidiol 
levels in patients with CKD may contribute to the etiology of 
secondary hyperparathyroidism.

Clinically, serum PTH is used as a surrogate biomarker to predict 
bone turnover. The predictive value of intact PTH in the non-
invasive diagnosis of renal bone disease is higher in hemodialysis 
patients than in predialysis patients [12]. The risk of high-turnover 
bone disease increases with the concentration of intact PTH [13- 
14]. However, the ability to reliably predict the presence of high-
turnover bone disease is poor until intact PTH levels of 450-500 
pg/ml are reached. Levels of intact PTH less than 100 pg/ml are 
fairly reliable for the prediction of low-turnover bone disease 
[13]. Based on these studies, we have used serum iPTH level to 
categorize our study population into high turnover bone disease 
i.e. patients with iPTH levels above 450 pg/ml, low turnover 
bone disease (patients with iPTH levels less than  100 pg/ml) 
and apparently normal PTH (patients having iPTH level between 
100-450 pg/ml).      
High turnover bone disease, especially osteitis fibrosa, is the 
commonest bone disorder associated with chronic renal failure 
patients on hemodialysis 15 whereas in our study we have observed 
that the prevalence of group having apparently normal PTH is 
highest i.e. 58.33 %, high turnover bone disease is 29.17 % and 
low turnover bone disease is 12.50 % prevalent. All the observation 
to determine the type of bone disease was based on the laboratory 
criteria. Of the 12.5% of patients with low turnover bone disease, 
83% were diabetic. A cross sectional study was conducted by 
Buargub et al 20066 to determine the prevalence and pattern of 
renal osteodystrophy in patients on hemodialysis. In this study, 
iPTH level was used to diagnose renal bone disease. 28.1% of 
the patients had laboratory evidence of hyperparathyroid bone 
disease, while 27.1% had laboratory evidence of adynamic bone 
disease.  The reported prevalence of low turnover disease (ABD) 
in dialysis patients is 15 to 60 %. It is more common in diabetic 
patients and patients on peritoneal dialysis. In some patients, the 
cause of  ABD may be over suppression of the parathyroid gland 
with high calcium intake and/or administration of active vitamin 
D [4]. Although this is an asymptomatic condition, it is associated 
with a higher incidence of metastatic calcification [4,16-18].
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, product of 
calcium and phosphorus < 55 mg2/dL2 and iPTH in the range 
of 150 to 300 pg/ml [19]. In our study, the target serum level of 
iPTH was achieved in only 18.8% of the patients. Only 35% of 
the patients had serum calcium levels within target range, serum 
phosphorus level was achieved by 27.1% and product of calcium 
and phosphorus by 47.9% 
As expected, most of our patients were hyperphosphatemic (mean 
phosphorus levels were 7.48 ± 2.68 mg/dl) and they had low 
vitamin D levels (mean 39.28 ± 20.94 nmol/L). however, the 
commonest type of bone disease in our study was apparently 
normal PTH in contrast to earlier reported osteitis fibrosa cystic. 
One probable reason for this discrepancy may be the greater 
prevalence of diabetic patients in our study.
However, our study had few limitations. One is we depended 
completely on iPTH levels to determine the type of bone disease, 
which although is a good predictor of bone histology, is not as 
accurate as bone biopsy. Considering the small sample population 
which is the main limitation of the study, a larger multicentre study 
regarding the bone disorder in dialysis population is needed.
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VI. Conclusion
This cross-sectional study, albeit in a limited number of patients, 
showed that the prevalence of ROD in our institution was high.
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