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Abstract 
Background: Chronic kidney disease mineral and bone disorder is a systemic disorder that involves bony 
abnormalities and vascular calcification. The kidney plays an important role in calcium and phosphorus 
regulation and hence renal dysfunction is necessarily associated with abnormalities in mineral homeostasis 
which have a wide range of effects not only on the bone but also on extra-skeletal sites.  Methods: This 
prospective study was done in the Department of Nephrology, Prathima Institute of Medical Sciences, 
Naganoor, Karimnagar. CKD Stage-5 adult patients on regular maintenance hemodialysis. Newly diagnosed 
CKD Stage 5 and prevalent CKD Stage 5 on Dialysis adult patients of 18 years and above were included. Results: 
Calcium level distribution among the observation found that there was 70% of observations had calcium levels 
< 8.5 mg/dl while 30% of the observation had calcium levels> 8.5 mg/dl. Phosphorous level distribution among 
the observation showed that there was 100% observation had Phosphorous level < 5.5 and no observation were 
found phosphorous level >5.5 mg/dl.  It was observed that ALP level, 50% of the observation had the ALP level 
<120 (IU/L) as well as > 120(IU/L). Conclusion: The mean calcium levels were lower than KDIGO targets. 
However, mean PTH levels were higher than targets. The majority of the study population was found to be 
vitamin D deficient. A unique finding in the present study was serum phosphorus levels were within normal 
limits, which has been observed in other groups of populations studied in India. 
Keywords: Chronic Kidney Disease, Mineral Metabolism, Dialysis, Stage 5 chronic kidney disease. 
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Introduction 
 

Chronic kidney disease (CKD) is estimated to 
affect more than 10% of the global population, 
and the prevalence of which has increased in 
recent years. [1, 2] The most important 
complication of CKD is cardiovascular disease, 
which is the primary cause of death in these 
patients.  The kidneys are important for 
maintaining the body's internal balance of, 
especially, water and minerals (sodium, 
potassium, chloride, calcium, phosphorus, 
magnesium, sulfate). The kidneys also function 

as a part of the endocrine system and produce 
erythropoietin and 1,25-
dihydroxycholecalciferol (calcitriol).  This 
increase in cardiovascular morbidity/mortality 
associated with CKD has been described even in 
patients with no evidence of ischemic heart 
disease. [3] and is the explanation for the high 
mortality rate among patients in the initial stages 
of CKD (20%, 24%, and 46% after 5 years for 
Stages 2, 3, and 4, respectively), which far 
surpasses the rate for patients who finally 
require dialysis. [4] The clinical symptoms 
develop due to the retention of metabolic
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 products in the body. If this stage of 
azotemia/uremia/ progresses it results in the 
death of the patient if no active measures are 
taken such as dialysis or transplantation. Bone 
mineral metabolism abnormalities, which the 
Kidney Disease Improving Global Outcomes 
(KDIGO) guidelines. [5] Recently defined as 
CKD-mineral and bone disorder (CKD-MBD), 
have been implicated not only in the 
development of secondary hyperparathyroidism 
(SHPT) and renal osteodystrophy but have also 
been associated with the progression of CKD 
and its complications, including cardiovascular 
complications. [6] and they ultimately contribute 
significantly to an increase in morbidity and 
mortality rates among patients with CKD. [7, 8] 
CKD-MBD is a systemic disorder that is 
characterized by abnormal calcium, 
phosphorous, PTH, and Vitamin D metabolism, 
which, in addition to affecting the skeletal 
system, is related to the appearance of 
cardiovascular and soft tissue calcifications that 
in turn are associated with cardiovascular 
pathologies in patients with CKD. [9-12] The 
biochemical abnormalities are common in CKD 
and are the primary indicators by which the 
diagnosis and management of CKD-MBD are 
made. Despite the high prevalence of MBDs in 
CKD patients, there are limited data on CKD-
MBD from India. [13-16] We in the current study 
tried to evaluate disordered mineral metabolism 
in CKD stage 5 patients on hemodialysis. 

 

Materials and Methods 
 

This prospective study was done in the 
Department of General Medicine/Nephrology, 
Prathima Institute of Medical Sciences, 
Naganoor, Karimnagar. Institutional Ethical 
committee permission was obtained for the 
study. Written consent was obtained from all the 
participants of the study.  
 

Inclusion Criteria:  
1. CKD Stage-5 adult patients on regular 

maintenance hemodialysis. 
2. Newly diagnosed CKD Stage 5 and prevalent 

CKD Stage 5D adult patients of 18 years and 
above.  

 

Exclusion Criteria:  
1. Patients on hemodialysis with the plan for 

renal transplant and peritoneal dialysis.  

2. CKD Stage 3–5 patients taking a calcium 
supplement, phosphate binder, Vitamin D or 
its active metabolites and analogs, 
calcimimetic. 

3. Patients on glucocorticoid, bisphosphonate, 
nonsteroidal anti-inflammatory drugs, 
phenytoin, or warfarin. 

4. Patients having rheumatologic diseases such 
as rheumatoid arthritis and ankylosing 
spondylitis, or primary PTH disorders. 

5. Those having liver disease or a history of 
bone fracture in the preceding 6 months. 

 

The lab investigations were performed for 
Complete hemogram, blood sugar, renal 
function tests, Lipid profile, Liver function tests, 
serum electrolytes, bone profile, serum PTH 
levels, vitamin D levels, electrocardiography, 
and ultrasound abdomen.  CKD was defined and 
classified as per kidney disease outcomes 
quality initiative (KDOQI) criteria. The 
estimated glomerular filtration rates were 
calculated from serum creatinine level using the 
Cockcroft–Gault equation. The diagnosis of 
underlying basic kidney disease was made on 
clinical evidence. The biochemical markers of 
CKD-MBD, namely, calcium, phosphorus, 
alkaline phosphatase, intact parathyroid 
hormone (iPTH), and 25- hydroxyvitamin 
Vitamin D3 (25-OHD), were measured. The 
total calcium level definitions for hypocalcemia 
(Ca < 8.5 mg/dl), hypercalcemia (Ca >8.5 
mg/dl), hyperphosphatemia (phosphorus >5.5 
mg/dl), hypophosphatemia (phosphorus <5.5 
mg/dl), elevated alkaline phosphatase level 
(>120 IU/L), hyperparathyroidism (iPTH > 
65pg/ml), hypoparathyroidism (iPTH <10 
pg/ml), and Vitamin D deficiency (<20 ng/ml) 
were used.  
 

Statistical analysis:  
Collected data entered in Microsoft excel 2010 
for further statistical analysis and presentation 
of the data. Descriptive statistics including 
means, standard deviation, and percentages were 
used to describe the demographic and clinical 
data. Statistical analysis has been done by using 
statistical software SPSS (Statistical Package for 
Social Science) version 22 on windows format. 
 

Results 
 

The age distribution among the patients, in that 
it was found that maximum observation was 
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lying in the age group of 35 – 50 years 44% 
followed by 0-65 years and > 65 years with 38% 
and 18%. All the observations having a mean 
age of 53.08 ± 12.24 years, standard given in 
table 1. In the present study, there were 32 
(64%) males, and 18 (36%) females were 
observed, thus the ratio of males is to females 
was 1.77:1. Most of the cases were found from a 
low class of economic status which was 84% 
followed by the Middle class with 16% 
 

Table 1: Age-wise distribution of patients 
Age (Years)  Frequency  Percent 

35 - 50  22 44 

50 - 65  19 38 

>65  9 18 

Total  50 100 

Mean  53.08 

SD  12.24 

Range years 35-77 

The Distribution of hemoglobin levels among 
the observation showed that 96% of the 
observation had hemoglobin levels < 11 gm/dl 
and only 4% of the observation had hemoglobin 
levels>11 gm/dl. The mean hemoglobin level 
among the patient was found to be 7.67 gm/dl 
with a standard deviation of 1.98 gm/dl and it 
was raging from 3.4 to 11.84 gm/dl. The 
distribution of Blood urea among the 
observation showed that all the observations 
which are 100% of the observation had blood 
urea >40 mg/dl and mean blood urea was found 
to be 143.47 mg/dl with a standard deviation of 
63.13 mg/dl ranging from 63 to 314 mg/dl 
depicted in table 2. 
 

Table 2: Distribution of Blood Urea among patients. 

Blood Urea  Frequency Percent 

< 40  0 0 

> 40  50 100 

Total  50 100 

Mean  143.47 

SD  63.13 

Range  63 – 314 

Calcium level distribution among the 
observation found that there was 70% of 
observations had calcium levels < 8.5 mg/dl 
while 30% of the observation had calcium 
levels> 8.5 mg/dl. Phosphorous level 
distribution among the observation showed that 
there was 100% observation had Phosphorous 

level < 5.5 and no observation were found 
phosphorous level >5.5 mg/dl details depicted in 
table 3. 
 

Table 3: Distribution of Calcium and phosphorus levels 
among patients. 
Calcium 
level 
mg/dl  

Frequency  Percent 
Phosphorus 

Frequency  Percent 

< 8.5  35  70 < 5.5 50 0 
> 8.5  15  30 > 5.5 0 100 
Total  50  100 Total 50  
Mean  8.02 Mean  3.82 
SD  0.91 SD  0.50 
Range  5.5 - 9.8 Range  2.87 - 5 

From the above table, it was observed that ALP 
level, 50% of the observation had the ALP level 
<120 (IU/L) as well as > 120(IU/L). From the 
above table, it was observed that ALP level, 
50% of the observation had the ALP level <120 
(IU/L) as well as > 120(IU/L) details depicted in 
table 4. 
 

Table 4: Distribution of Alkaline Phosphatase and 
Vitamin D levels among patients. 
ALP 
levels 
IU/L 

Frequency  Percent 
Vitamin D 
ng/ml Frequency  Percent 

< 120 25 50 
< 20 
ng/ml 

26 52 

> 120 25 50 
20 – 30 
ng/ml 

24 48 

Total  50 100 Total 50 100 
Mean  125.95 Mean  20.2 
SD  49.10 SD  3.86 
Range  36 – 301 Range  12.09 – 29.93 

38% of patients had secondary 
hyperparathyroidism and an almost equal 
number of patients had the adynamic bone 
disease (42%). Less number of patients were in 
KDIGO targets 20%. All the patients had a 
serum creatinine level of more than 1.3 mg/dl 
which is 100% Mean serum creatinine level was 
found to be 11.52 mg/dl (Table 5).  
 

Table 5: Distribution of level of Serum creatinine 
among patients. 
Serum Creatinine mg/dl Frequency  Percent 
0.6-1.3  0 0 
> 1.3  50 100 
Total  50 100 
Mean  11.52 
SD  4.63 
Range  4.3 - 24.39 

Body mass index among the patients showed 
that 14% of the patients were underweight, most 
of the patients were normal that is 64% and 22% 
of the patients were found within 25-29.9 of 
BMI. The mean BMI for all observations was 
22.14 with a standard deviation of 3.29 ranging 
between 16-28. Comorbidities distribution 
among the patients was showing that only 10 % 
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of the patients had no comorbidities whereas 
40% of the patients were hypertensive, 18 % of 
the patients were suffered from diabetes 
mellitus, 26% of the patients were suffered from 
both hypertension as well as Diabetes Mellitus 
and other rest of the patients nearly 6% of the 
patients were suffered from other comorbidities 
like CAD and Bronchial Asthma. Serum 
albumin among the patients showed that 80% of 
the patients had serum albumin levels less than 
or equal to 3.4, and 20% of the patients were 
found > 3.4 level of serum albumin. Mean 
serum albumin for all observations was 3.206 
with a standard deviation of 0.42 ranging 
between 2.7- 4.4 
Graph 1: Distribution of Etiological Diagnosis 
among patients 

 
 

Discussion 
 

In this study, the mean age of the studied 
population was 53.08 years with the common 
age group being the fifth decade. In our study 
male to female sex ratio was 1.77:1. Age 
distribution and sex ratio were like other studies. 
[17] In the present study, Hypertensive 
nephropathy emerged as the commonest 
etiology of CKD (40%), while non-hypertensive 
diseases comprised 60% like another study by 
AL Kakrani et al. [18] These was most likely due 
to undiagnosed Chronic Glomerulonephritis and 
Chronic Interstitial Nephritis in rural population. 
The possible explanation is, almost all these 
patients had presented late to Emergency 
Department with symptomatic Chronic Kidney 
Disease with stage 5.  Most of these patients 
were not diagnosed before having kidney 
disease and some of them had hypertension 
which was not evaluated. There was also a 
common problem of lack of follow-up with the 
family physician and drug non-compliance. This 
was unlike in other studies in north India [19] 

where the most common cause was Diabetic 
Nephropathy and patients in other studies were a 
decade older than our cohort. The second 
common cause of chronic kidney disease was 
Diabetic Nephropathy. Mean PTH in the study 
was outside the normal range. In the present 
study, 38% of patients had secondary 
hyperparathyroidism and an almost equal 
number of patients had Adynamic Bone Disease 
(42%) and few patients were in KDIGO targets 
– 20%. In patients with CKD stage 3a to stage 5 
not on dialysis, the optimal PTH value is not 
known. However, patients with intact PTH 
above the normal limit of the assay are first 
evaluated for hyperphosphatemia, 
hypocalcemia, and vitamin D deficiency. It is 
reasonable to correct these abnormalities with 
any or all the following- reducing dietary 
phosphate intake and administering phosphate 
binders, calcium supplements, and/or native 
vitamin D. Suppression of PTH to normal 
values is not desirable since it is associate with a 
higher prevalence of Adynamic bone disease, in 
which bone turnover is low. The mean calcium 
levels of the studied population were 8.02 
mg/dl. Most of the patients (70%) had serum 
calcium levels less than the KDIGO target. 
However, phosphorus levels were within normal 
limits in all patients of CKD in this study. It was 
a distinctive observation made in this study, 
which could reflect variation in dietary habits, 
nutritional status, and different cultures 
followed by people living in different regions. 
As depicted in the table below the values are 
comparable to similar studies of Diaz et al., [21] 
Block et al.,[22] and Gupta et al., [20] In the 
present study, ALP levels were outside the 
normal range. 50% of CKD patients had high 
levels of ALP and 50% with low levels. Block 
GA et al., [22] study ALP values are comparable 
with these observational studies, where 50% of 
CKD patients had higher ALP levels. vitamin D 
insufficiency and deficiency state are highly 
prevalent in dialysis patients similar to the study 
by Gonzalez et al., [23] In the present study, 
mean vitamin D levels were 20.2, with a 
deficiency in 52%. This could be due to the 
majority of patients receiving vitamin D 
supplementation routinely though one-third of 
patients had an insufficient state. Vitamin D 
deficiency in patients with CKD 3 and 4 is 
associated with increased PTH and low mineral
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 bone density. [24, 25] In CKD 5d patients, vitamin 
D deficiency is associated with mortality in 
incident dialysis patients. [26] These studies 
support the concern raised by KDIGO 
guidelines that low levels of vitamin D in 
patients with CKD may contribute to the 
etiology of secondary hyperparathyroidism. [27] 
Few studies have shown vitamin D inverse 
correlation with age, female gender, PTH levels 
diabetes. Few studies revealed, not much 
difference in vitamin D levels between different 
stages of CKD, regardless of treatment with 
vitamin D. [28, 29] This indicates that vitamin D 
levels are fundamentally determined by 
nutritional intake rather than renal function 
alone. 
 

Conclusion 
 

The most common age group in this study 
population belonged to the fifth decade. Most of 
the patients presented with End-Stage Renal 
Disease with undiagnosed native kidney disease 
probably Chronic Glomerulo Nephritis and 
Chronic Interstitial Nephritis. The mean calcium 
levels were lower than KDIGO targets. 
However, mean PTH levels were higher than 
targets. Most of the study population was found 
to be vitamin D deficient. A unique finding in 
the present study was serum phosphorus levels 
were within normal limits, which has been 
observed in other groups of populations studied 
in India. 
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