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The high prevalence of chronic kidney disease-mineral
bone disorders: A hospital-based cross-sectional study
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ABSTRACT

Mineral bone disorder (MBD) is an important complication of chronic kidney disease (CKD). However, there are limited data on the
pattern of MBD in Indian CKD population. The aim of this study was to describe spectrum of MBD in patients with CKD in our center. This
was a hospital-based cross-sectional observational study. Patients with stage 4 and 5 CKD were included in this study. Those receiving
calcium supplement, vitamin D or its analogues, and calcimimetic were excluded. Serum/plasma levels of creatinine, albumin, calcium,
phosphate, total alkaline phosphatase (TAP), intact parathormone (iPTH), and 25-OH vitaminD (25-vitD) were measured. Radiological
survey of bones was carried out in all cases, and echocardiography done in selected patients. Statistical analysis was done using
Sigmaplot 10.0 software. A total of 150 patients (114 males, 36 females) were included in this study. Mean age was 45.67+16.96 years.
CKD stage 4 and 5D were found in 26% (n=39) and 74% (n=111) of study population, respectively. The most common underlying
native kidney diseases in patients of CKD 4 and 5D were diabetic nephropathy (41.03%) and CGN (41.44%), respectively. Median (first
quartile, third quartile) values for serum levels of corrected calcium (cCa), phosphate, cCaXPO4 product, TAP, plasma iPTH, and 25-vitD
in stage 4 CKD were 8.36 (7.79, 8.91) mg/dL, 4.9 (3.92, 6.4) mg/dL, 41.11 (34.01, 53.81) mg%dL?, 97 (76.5, 184.25) IU/L, 231 (124.5,
430.75) pg/mL, and 12 (6.98, 23.55) ng/mL, respectively; and in stage 5D CKD were 8.36 (7.66, 8.95) mg/dL, 5.7 (4.23, 6.95) mg/dL,
46.5(37.16,54.47) mg?/dL?, 180 (114.5, 276.25) IU/L, 288 (169.75, 625.0) pg/mL, and 18.4 (10.0, 26.4) ng/mL, respectively. Prevalence
of hypocalcemia (56.41% vs. 54.95%), hyperphosphatemia (64.10% vs. 70.27%), and hyperparathyroidism (84.62% vs. 88.29%)
was not different between patients with CKD 4 and 5D. However, iPTH level outside the target range and increased TAP level were
significantly (P<0.001) more common in CKD stage 5D. Multiple logistic regression analysis for hyperparathyroidism revealed significant
inverse correlation with cCa in CKD 5D. There were no significant differences in vitamin D status and prevalence of valvular calcification
between CKD stage 4 and 5D. X-ray revealed renal osteodystrophy in 8 (5.33%) patients, while it was normal in 118 (78.67%) patients.
Secondary hyperparathyroidism, hyperphosphatemia, hypocalcemia, increased TAP, and 25-OH vitamin D deficiency and insufficiency
were quite common in CKD 4 and 5 patients. The commonest type of MBD in CKD 4 and 5D was secondary hyperparathyroidism.
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Introduction mineral homeostasis manifesting as disruption of serum

and tissue concentrations of phosphorus and calcium, as

Chronic kidney disease (CKD) is a global public health
problem affecting 5-10% of world population.*?! As kidney
function declines, there is progressive deterioration in

Address for correspondence:

Dr. Biplab Ghosh, Department of Nephrology, Institute of Medical
Sciences, Banaras Hindu University, Varanasi - 221 005, Uttar Pradesh,
India. E-mail: dr.biplabghosh@gmail.com

Access this article online

Quick Response Code:

Website:

www.indianjnephrol.org

DOI:
10.4103/0971-4065.101249

well as changes in circulating levels of hormones such
as parathyroid hormone (PTH), 25-hydroxyvitamin D
[25(0OH)D], 1,25-dihydroxyvitamin D [1,25(0H)2D],
fibroblast growth factor-23 (FGF-23), and growth hormone.
These mineral and endocrine functions are critically
important in the regulation of both initial bone formation
during growth (bone modeling) and bone structure and
function during adulthood (bone remodeling). As a result,
bone abnormalities are found almost universally in patients
with CKD requiring dialysis (stage 5D), and in the majority
of patients with CKD stages 3-5.! More recently, there has
been an increasing concern of extra-skeletal calcification
that may result from the deranged mineral and bone
metabolism of CKD and from the therapies used to correct
these abnormalities. Numerous cohort studies have shown
associations between disorders of mineral metabolism
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and fractures, cardiovascular disease, and mortality in
patients with CKD.*!" However, despite high prevalence
of mineral bone disorders (MBDs) in CKD patients, there
are limited data on MBD in Indian CKD patients. The aim
of this work was to study the prevalence and pattern of
MBDs in patients with CKD stage 4 and 5.

Materials and Methods

This prospective cross-sectional study was conducted
in the department of Nephrology, Institute of Medical
Sciences, Banaras Hindu University, India, between
August 2008 and July 2010. Patients with CKD stage 4
and 5 attending the Department of Nephrology formed
the subject load of this study. Patients of stage 4 and 5
CKD with the following characteristics were excluded
from the study: (i) patients taking calcium supplement,
phosphate binder, vitamin D or its active metabolites and
analogues, calcimimetic, glucocorticoid, bisphosphonate,
NSAIDs, phenytoin, or warfarin; (ii) patients having
rheumatologic diseases such as rheumatoid arthritis
and ankylosing spondylitis, or primary parathyroid
hormone disorders; and (iii) those having liver disease or
history of bone fracture in preceding 6 months. Institute
ethical committee approved this work. CKD was defined
and classified as per K/DOQI criteria.®®! The eGFR
was calculated from serum creatinine level using the
Cockcroft-Gault equation. The diagnosis of underlying
basic kidney disease was made on clinical evidences.

CKD-MBD was defined as a systemic disorder of mineral
and bone metabolism due to CKD manifested by either one
or a combination of the following:!'21% (i) abnormalities
of calcium, phosphorus, PTH, or vitamin D metabolism;
(ii) abnormalities in bone turnover, mineralization, volume,
linear growth, or strength; or (iii) vascular or other
soft-tissue calcification. The definitions for hypocalcemia
(cCa<8.5 mg/dL), hypercalcemia (cCa>10.5 mg/dL),
hyperphosphatemia (PO4>4.5 mg/dL), hypophosphatemia
(PO4<2.5 mg/dL), elevated total alkaline phosphatase level
(TAP>112IU/L), hyperparathyroidism (iPTH>69 pg/mL),
hypoparathyroidism (iPTH< 10 pg/mL), vitamin D deficiency
(<10 ng/mL), vitamin D insufficiency (10-30 ng/mL), and
vitamin D sufficiency (>30 ng/mL) were same for CKD
stages 4, 5, and 5D. However, target range for iPTH in
CKD 4-5 and CKD 5D was different, namely 10-69 and
138-621 pg/mL (2-9 times the upper limit of normal for
the assay), respectively.!'*]

Serum creatinine, albumin, calcium, phosphate (PO,),
TAB hemoglobin, uric acid, and urinary protein excretion
were measured using standard laboratory techniques.
Plasma intact parathormone (iPTH) was measured

using the solid phase, two-site chemiluminescent
enzyme-labeled immunometric assay (Immulite/Immulite
1000). Plasma 25-OH vitamin D (25-vitD) assay was
done using the equilibrium radioimmunometric assay
(DiaSorin 1'% RIA Kit). Radiological survey of bone was
done with lateral X-ray of skull, dorsolumbar spine and
abdomen, as well as anteroposterior views of pelvis
and both wrists including hands. We looked specifically
for changes of hyperparathyroidism, osteomalacia,
osteoporosis, fracture, as well as soft tissue and vascular
calcification. 2-D echocardiography was carried out to
detect valvular calcification.

Statistical analysis

Statistical analysis was done using Sigmaplot 10.0
software. Various parameters of the whole group were
analyzed as well as the parameters were compared
between the two groups of CKD stages 4 and 5. Parametric
variables were compared using unpaired t-test and Mann-—
Whitney Rank Sum test. Non-parametric variables were
compared using Chi-square test. A P value<0.05 was
taken as significant. Vitamin D levels between patients
with and without hyperparathyroidism in both groups
were compared as well as linear regression analysis
between Vitamin D level and iPTH level in each group
was done. Cox multiple logistic regression analysis was
carried out to analyze the association of functional
abnormality of parathyroid hormone with serum levels
of calcium (corrected for albumin level), phosphate, TAB
and creatinine, as well as eGFR, duration of symptoms,
and age of the patient. Different parameters of CKD-MBD
were also compared between those with and without
diabetes mellitus.

Results

One hundred and fifty patients (114 males, 36 females)
were included in this study. Mean age was 45.67+16.96
(range 12-85) years. Demographic and clinical parameters
of study population are given in Table 1. All patients
of CKD stage 5 required dialysis at presentation and
hence were essentially CKD stage 5D. Patients were
divided into two groups: Group I included patients
with CKD stage 4 and group II composed of patients
with CKD stage 5D. Group I had 26% (n=39) and
group II had 74% (n=111) of patients. The most
common underlying native kidney disease [Table 1]
in patients of CKD 4 was diabetic nephropathy (DN
41.03%) followed by chronic glomerulonephritis (CGN
20.51%), chronic interstitial nephritis (CIN 18.94%),
and polycystic kidney disease (PKD 12.82%). In contrast,
the most common underlying native kidney disease in
patients of CKD 5D was CGN (41.44%) followed by
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Table 1: Demographic and clinical parameters of
patients with CKD 4 and 5D

Table 2: Laboratory parameters of patients with CKD 4
and 5D

Parameters CKD 4 CKD 5D P value
(n=39) (%) (n=111) (%)
Age in years (mean+SD) 48.92+16.23 44.53x17.14 0.17
Male:Female 27:12 87:24 0.35
Duration of symptoms in 24.44+41.68 19.60+27.03 0.41
months (mean+SD)
BMI (kg/m?) 21.81+£2.91 19.93+3.44 0.003
Native kidney disease,
No. (%)
Chronic 8 (20.51) 46 (41.44) 0.03
glomerulonephritis
Diabetic nephropathy 16 (41.03) 24 (21.62) 0.03
Chronic tubulointerstitial 7 (18.94) 17 (15.31) 0.89
nephritis
Obstructive uropathy 0.00 13 (11.71) 0.06
Hypertensive 2(5.13) 6 (5.41) 0.73
nephrosclerosis
Autosomal dominant 5(12.82) 4 (3.60) 0.09
polycystic kidney disease
Renal cortical necrosis 1(2.56) 1 (0.90) 0.97

CKD = Chronic kidney disease

DN (21.62%), CIN (15.31%), and obstructive uropathy
(11.71%). Laboratory parameters and various mineral
and bone disorders in patients with CKD stages 4 and
5D are given in Tables 2 and 3, respectively. The most
common MBD in group I was hyperparathyroidism
(84.62%) followed by hyperphosphatemia (64.10%),
hypocalcemia (56.41%), and elevated TAP level
(43.59%). In group II patients, the most common MBD
was hyperparathyroidism (88.29%) followed by elevated
TAP level (76.66%), hyperphosphatemia (70.27%), and
hypocalcemia (54.95%). Prevalence of hypocalcemia,
hyperphosphatemia, and hyperparathyroidism were quite
high in both groups but was not significantly different
between CKD 4 and 5D. However, increased TAP level
and iPTH outside the target range were significantly more
common in CKD stage 5D (P<0.001). Multiple logistic
regression analysis was done for parathyroid functional
status in two groups taking age of the patients, duration
of symptoms, corrected serum calcium, serum phosphate,
TAP, creatinine, and eGFR [Table 4]. No significant
correlation was found in CKD 4. However, corrected
serum calcium level was found to have significantly
inverse correlation with hyperparathyroidism in CKD
stage 5D (r —1.176, odds ratio 0.309, 95% CI of 0.133—
0.733,P=0.008). Serum cCa also significantly correlated
with iPTH levels outside the target range in CKD 5D. The
odds ratio of cCa for iPTH levels above the target range
was 0.495 (r —0.696, 95% CI of 0.30-0.83, P=0.007)
and the odds ratio of cCa for iPTH levels below the target
range was 4.577 (r +1.521, 95% CI of 1.984-10.559,
P<0.001). There was no significant association between
parathyroid functional status and other biochemical
variables. Vitamin D deficiency and insufficiency were
quite prevalent in both groups. However, there was no

Laboratory *CKD 4 *CKD 5D P value
parameters (mean=SD) or (mean=SD) or
median (Q1, @3) median (Q1, Q3)

24-hr proteinuria 1.12 0.93 0.29

(g/day) (0.67, 2.5) (0.6, 1.8)

Hb% (g/dL) 7.6 6.9 <0.03

(6.58, 8.55) (6.2,7.9)

BI. urea (mg/dL) 90.2, 157.0 <0.001
(72.56, 121.0) (121.0, 195.5)

S. creatinine 41 9.1 <0.001

(mg/dL) (3.4, 4.68) (7.35,12.4)

S. calcium (mg/dL) 7.82+0.86 7.70+1.22 0.52

Corrected 8.44+0.87 8.24+1.26 0.35

S. calcium (mg/dL)

S. PO, (mg/dL) 4.9 5.7 0.06

(3.92, 6.4) (4.23, 6.95)

S. cCaXPO, 41.11 46.5 0.12

(mg?/dL?) (34.01, 53.81) (37.16, 54.47)

S. TAP (IU/L) 97.0 180.0 0.002
(76.5, 184.25) (114.5, 276.25)

Pl iPTH (pg/mL) 231.0 288.0 0.07
(124.5, 430.75) (169.75, 625.0)

P1.25-OH vitamin D 12.0 18.4 0.27

(ng/mL) (6.98, 23.55) (10.0, 26.4)

Uric acid (mg/dL) 7.49+2.25 7.69+1.77 0.57

Serum albumin 3.23+0.60 3.32+0.54 0.35

(grdL)

eGFR (mL/min) 17.84 7.58 <0.001
(16.62, 20.81) (5.92, 9.29)

Total no. of patients 39 111

*Data in normal distribution are expressed as mean+SD and data which

are not distributed normally are expressed as median (Q1, Q3); Bl = Blood;

Pl = Plasma; Q1 = 1st quartile; Q3 = 3 quartile; S = Serum; SD = Standard
deviation; Conversion factor = S. creatinine (mg/dL, x88.4 mmol/L); S. Calcium
(mg/dL, x0.2495 mmol/L), S. PO4(mg/dL, x0.3229 mmol/L), S. TAP (IU/L,
same) Pl. iPTH (pg/mL, = ng/L), P1.25-OH VitaminD (ng/mL, x2.496 nmol/L),
Uric acid (mg/dL, x59.48 mmol/L), Serum albumin (g/dL, x10g/L), and eGFR
(mL/min/1.73 m2, x0.01667 mL/s/1.73 m?)

significant difference in vitamin D status between CKD
stage 4 and 5D. The mean vitamin D levels in those with
and without hyperparathyroidism in CKD stage 4 were
15.62+11.21 ng/mL and 20.88+14.39 ng/mL (P=0.431),
respectively, and in CKD stage 5D were 18.19+11.19 ng/
mL and 32.46+15.56 ng/mL (P=0.004), respectively. The
linear regression analysis between iPTH and vitamin D
levels revealed significant inverse correlation in CKD 5D
(regression coefficient= —20.85, F=10.67, P=0.002) but
not in CKD 4 (regression coefficient=—4.85, F=1.218,
P=0.284). Different parameters of CKD-MBD were
compared between those with and without diabetes
mellitus in the whole study cohort [Table 5]. Patients
with diabetes mellitus (n=46) had significantly lower
serum phosphate (P=0.038), TAP (P<0.001), and iPTH
(P=0.042) levels as compared with patients without
diabetes mellitus (n=104). However, corrected serum
calcium and vitamin D levels and cCaXPO4 product
were not significantly different between those with and
without diabetes. X-ray revealed features suggestive of
renal osteodystrophy in 8 (5.33%) patients and other
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bony changes in 24 (16%) patients, while it was normal
in 118 (78.67%) patients. No evidence of soft tissue
or vascular calcification was found in any patient. 2-D
echocardiography was done in 70 patients and it revealed
valvular calcification in 25% and 46% of patients in

Table 3: Mineral and bone disorders in patients with
CKD 4 and 5D

Parameter CKD 4 CKD 5D Pvalue
(n=39) (n=111)

No % No %
Hypercalcemia (>10.5 mg/dL) 1 256 3 270 0.595
Hypocalcemia (<8.5 mg/dL) 22 56.41 61 5495 0.976
Hyperphosphatemia (>4.5 mg/dL) 25 64.10 78 70.27 0.607
Hypophosphatemia (<2.5mg/dL) 1 256 0 0.00 —
Hyperparathyroidism (>69 pg/mL) 33 84.62 98 88.29 0.553
Hypoparathyroidism (<10 pg/mL) 0 0.00 2 1.80 —
iPTH above target range 33 84.62 29 26.13 <0.001
(>69 pg/mL in CKD 4 and
>621 pg/mL in CKD 5D)
iPTH below target range 0 0.00 23 20.72 —
(<10 pg/mL in CKD 4 and
<138 pg/mL in CKD 5D)
TAP>112 IU/L 17 4359 85 76.66 <0.001
Radiological features of ROD 1 256 7 6.31 0.631
*Valvular calcification (MV and/or 5 25.00 23 46.00 0.387
AV)
**Vitamin D deficiency 6 2857 15 24.19 0.690
**Vitamin D insufficiency 12 57.14 36 58.06 0.941

*Echocardiography was done in 20 and 50 patients with CKD stages 4 and
5D, respectively. **Vitamin D assay was done in 21 and 62 patients with CKD
4 and 5D, respectively. AV = Aortic valve; CKD = Chronic kidney disease;
iPTH = Intact parathormone; MV = Mitral valve; ROD = Renal osteodystrophy;
TAP = Total alkaline phosphatase; Conversion factor = S. calcium (mg/dL,
x0.2495 mmol/L), S. PO4 (mg/dL, x0.3229 mmol/L), S. Total Alkaline
phosphatase (IU/L, same) PI. iPTH (pg/mL, = ng/L), P1.25-OH vitamin D
(ng/mL, x2.496 nmol/L)

group I and II, respectively (P=0.387). Multiple logistic
regression analysis did not find correlation of valvular
calcification with plasma levels of iPTH, corrected
calcium, phosphate, or cCaXPO4 product.

Discussion

The mean age of our study population was similar to other
studies.['*18] However, higher mean age was reported in an
Western and an Indian study."**?! We observed that males

Table 5: Comparison of different parameters of
CKD-MBD in persons with (n=46) and without (n=104)
diabetes mellitus in the whole study cohort including
CKD stage 4 and 5D

Laboratory Persons with  Persons without P value
parameters DM (median, DM (median,
Q1, Q3) Q1, Q3)
Corrected S. calcium 8.58 8.33 0.109
(mg/dL) (7.81,9.03) (7.62, 8.87)
8. PO, (mg/dL) 5.20 5.80 0.038
(4.00, 6.73) (4.30, 7.30)
S. cCaXPO, 42.01 47.15 0.116
(mg?/dL2) (36.24, 54.35) (36.75, 56.87)
S. TAP (IU/L) 117.50 187.50 <0.001
(79.50, 353.75)  (108.75, 284.00)
PI. iPTH (pg/mL) 196 333.5 0.042
(154.75,526.75) (154.75, 735.50)
P1.25-OH Vitamin D 17.50 16.9 0.937
*(ng/mL) (8.63, 28.18) (10.0, 25.9)

*25-OH Vitamin D level was measured in 26 and 57 patients with and without
DM, respectively. Pl = Plasma; Q1 = 1%t quartile; Q3 = 3 quartile; S. = Serum;
Conversion factor = S. calcium (mg/dL, x0.2495 mmol/L), S. PO4 (mg/dL,
x0.3229 mmol/L), S. total alkaline phosphatase (IU/L, same) PI. iPTH (pg/mL,
=ng/L), PI.25-OH vitamin D (ng/mL, x2.496 nmol/L)

Table 4: Multiple logistic regression analysis for parathyroid functional status in CKD stages 4 and 5D

Dependent variable in Statistical

Independent variables

various CKD stages parameters  Age  Duration of Corrected S.phosphate S.TAP  S.creatinine eGFR
symptoms  S. calcium
CKD 4: IPTH>69 pg/mL r 0.008 0.011 -0.904 -0.375 -0.0007 -0.087 -0.186
Odds ratio 1.008 1.011 0.405 0.687 0.999 0.917 0.830
P value 0.842 0.677 0.11 0.264 0.788 0.905 0.308
CKD 4: IPTH 10-69 pg/mL r -0.008 -0.011 0.904 0.375 0.0007 0.087 0.186
Odds ratio 0.992 0.989 2.470 1.45 1.001 1.090 1.204
P value 0.842 0.677 0.11 0.264 0.788 0.905 0.308
CKD 5D: IPTH>69 pg/mL r -0.013 -0.022 -1.176 -0.185 0.001 -0.054 -0.127
Odds ratio 0.987 0.978 0.309 0.831 1.001 0.948 0.881
P value 0.580 -0.096 0.008 0.395 0.476 0.748 0.546
CKD 5D: IPTH 10-69 pg/mL r 0.006 0.024 0.870 0.174 -0.002 0.089 0.183
Odds ratio 1.006 1.025 2.386 1.190 0.999 1.094 1.200
P value 0.795 0.052 0.040 0.424 0.481 0.579 0.399
CKD 5D: IPTH>621 pg/mL r 0.016 0.017 -0.696 -0.089 -0.0003 0.0207 -0.22
Odds ratio 1.016 1.017 0.499 0.914 1.000 1.021 0.803
P value 0.322 0.106 0.007 0.511 0.445 0.819 0.186
CKD 5D*: IPTH 138-621 pg/mL  r -0.002 -0.020 -0.093 -0.101 0.0002 -.0042 0.008
Odds ratio 0.998 0.980 0.910 0.903 1.000 0.959 1.008
P value 0.885 0.043 0.641 0.365 0.592 0.596 0.948
CKD 5D: IPTH<138 pg/mL r -0.024 0.005 1.521 0.305 -0.002 0.052 0.203
Odds ratio 0.976 1.005 4577 1.8357 0.998 1.053 1.225
P value 0.240 0.707 <0.001 0.058 0.282 0.696 0.265

*IPTH 138-621 pg/mL is in the range of 2-9 times upper limit of normal for our laboratory. Hypoparathyroidism (iPTH<10 pg/mL) was not present in CKD stage 4
while only two patients in CKD stage 5D had it. The values for them are not given in this table. Significant correlations are shown as bold letter for P values. Age,
duration of symptoms, serum calcium, phosphate, TAP, creatinine and eGFR were expressed as years, months, mg/dl, mg/dl, IU/L. mg/dl, and ml/min/1.73 m2,
respectively. CKD = Chronic kidney disease; eGFR = Estimated glomerular filtration rate; S. = Serum
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outnumbered females in both the groups (M:F 2.25:1
and 3.63:1 in groups I and II, respectively). There is male
predominance among CKD population in most studies.
In Nissenson’s prevalence study from the United States,
males had an overall prevalence of 1.6% and females
0.8%, this two-fold ratio was maintained at all levels
of serum creatinine.? Among Indian studies, Agarwal
et al.” (community based) showed a male prevalence
of 48% among patients with serum creatinine more than
1.8 mg/dL, while other hospital-based studies found males
constituting 60-78% of CKD population.['*!8! One of the
main reasons for these differences in the age and gender
of subjects may be that, in India, more males and younger
persons visit hospitals than females and the elderly.

In our study, serum level of TAP was significantly higher
(P=0.002) and hemoglobin was significantly lower
(P=0.030) in patients of group Il when compared with
group I. Plasma iPTH level was higher in group II but
it did not reach statistical significance. Mean serum
levels of phosphate and uric acid were above the normal
range, whereas those of calcium, albumin, and plasma
25-0OH vitamin D were below the normal range in both
groups of patients. However, there was no statistically
significant difference of these values between the two
groups. All patients were anemic with the median
hemoglobin being 7.6 gm/dL. Agarwal showed that the
mean corrected serum calcium in stage 4 and 5 CKD was
8.8 and 8.1 mg/dL, and the values for phosphate, TABR
and iPTH were 4.6 and 6.0 mg/dL, 256.8 and 245.3 IU/dL
and 184.0 and 339.5 pg/mL, respectively."* Our study
corroborated with the study of Agarwal, although the
median iPTH in stage 4 and 5D CKD were, respectively,
higher and lower in our patients. Jabbar, et al. found
a mean iPTH of 308.8+177.5 pg/mL in patients with
stage 4 and 5 CKD.?”) The median iPTH of patients with
CKD stage 4 and 5 in our study was 279.75 pg/mL. Due to
decreased GFR and altered endocrine function of kidneys,
the parathyroid-vitamin D-renal axis gets deranged which
results in phosphate retention, hypocalcemia, decreased
active vitamin D, and secondary hyperparathyroidism in
majority of patients.[?>?”1 25-OH vitamin D deficiency is
common in CKD stage 3-5. LaClair, et al. found 25-OH
vitamin D level <75 nmol/L in 83% of patients with
CKD stage 4.%7! In a study of Jabbar, et al., more than
90% of patients with CKD stage 4 and5 had vitamin
D level less than 30 ng/mL.2®¥ In our study, 83.13%
of patients with CKD stage 4 and 5D had vitamin D
level less than 30 ng/mL. Moreover, in CKD stage 5D
vitamin D level was significantly lower in those with
hyperparathyroidism in comparison to those who did
not have hyperparathyroidism. In fact, vitamin D level
showed an inverse relationship to iPTH level in this group.

Although supplementation of cholecalciferol may improve
secondary hyperparathyroidism without the need for the
active compound (calcitriol or other analogues), this issue
has not been studied adequately till now.[*:30!

In this study, X-ray revealed features suggestive of
renal osteodystrophy in only 5% patients and other
bony changes in 16% patients while it was normal in
the rest. Radiological studies aimed at detecting renal
osteodystrophy by plain X-ray are sparse in recent
times. The studies done in early 1970s found osteitis
fibrosa in almost 50% of cases on dialysis.**! However,
Kaushal, et al. in 1989 reported osteitis fibrosa in 20% of
patients on dialysis.®*¥ The prevalence of osteosclerosis
varied widely from 0% to 54%.3%361 Parfitt, et al. in
1977 observed osteomalacia in 20% of Australian
patients with renal bone disease.*”! The prevalence of
osteomalacia decreased following cessation of use of
aluminium containing phosphate binders and better
water treatment for hemodialysis. We found very low
prevalence of radiological abnormalities in our patients
which is consistent with the trend of lower prevalence
in more recent studies.® The conventional X-ray is an
insensitive tool to identify renal bone disease. Indeed,
the recent KDIGO guidelines did not advocate plain
X-ray for the evaluation of bone disease in CKD and
even recommended restricted use of DEXA for measuring
bone mineral density."'®! However, KDIGO guidelines
recommended use of X-ray for the detection of vascular
calcification. The exact bone disease can only reliably be
known by histomorphometric study which again needs
judicious use as recommended by KDIGO.

MBDs are well described in patients with CKD.[23-27:38-40]
However, only few studies addressed these disorders in
Indian patients.*4?2371 Agarwal described hypocalcemia in
29.9% and 49.6% in CKD stage 4 and 5, respectively, and
hyperphosphatemia in 45% and 41.8%, respectively.1'¥
LaClair, et al. found hypocalcemia (Ca<8.5 mg/dL) in
8% and 28%, and hyperphosphatemia (PO4>4.5 mg/dL)
in 20% and 50% of patients of CKD stages 4 and 5,
respectively.?”? Thus, the western data showed a lower
prevalence of hypocalcemia and hyperphosphatemia
(except hyperphosphatemia in stage 5) in comparison
to the data of Agarwal, et al. from India.l**?”) Moreover,
we found much higher prevalence of hypocalcemia and
hyperphosphatemia even in comparison to the findings by
Agarwal. Agarwal found hyperparathyroidism in 57.8%
of patients with CKD stage 4 and in 39.4% of patients
with CKD stage 5.4 He defined hyperparathyroidism
(iPTH>110 pg/mL in stage 4 and iPTH>300 pg/mL in
stage 5 CKD) using K/DOQI guidelines.® Jabbar, et al.
observed prevalence of hyperparathyroidism in 60% of
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their patients of CKD stage 4 and 5 taking a cutoff of
iPTH>300 pg/mL for both stages.??! La Clair, et al. found
that 31% of CKD stage 4 patients had iPTH>110 pg/mL."”]
In our study, the prevalence of hyperparathyroidsm was
much higher in both CKD stage 4 and 5D in comparison to
previous studies. However, the prevalence of iPTH above
the target range was lower in stage 5D in our study. This
may be due to the use of different definitions and cutoff
values for target range of iPTH. The cutoff in our study was
69 pg/mL (i.e., the upper limit of normal for the laboratory
assay) for stage 4 CKD and 621 pg/mL (i.e., nine times the
upper limit of normal for the laboratory assay) for stage 5D
as recommended by the recent KDIGO guidelines." Thus,
the lower cutoff value in CKD stage 4 and higher value
for CKD stage 5D might have resulted in higher and lower
prevalence of iPTH above the target range in stages 4 and
5D, respectively. Nevertheless, these were the patients
who might have high turnover bone disease and needed
aggressive treatment to suppress the parathyroid. Thus,
the prevalence of patients with iPTH above target range
in more than four-fifth and one-quarter of patients of
CKD stage 4 and 5D, respectively, is of concern. TAP also
signifies high turnover bone disease when elevated and
interpreted in appropriate circumstances. In this study, TAP
level >112 IU/L (i.e., upper level of normal) was present
in 43.59% and 76.66% of patients of CKD stage 4 and
5D, respectively. It may suggest that many more patients
in stage 5D might had high turnover bone disease than
was suggested by the high cutoff level of iPTH in this
group. This subgroup of patients could be identified by
serial estimation of iPTH and TAP which would show an
increasing trend in them. Indeed, KDIGO recommended
that the treatment of MBD be based on trend in changes
of biochemical parameters rather than on abnormalities at
a single point of time.** Jabbar, et al. found raised bone
alkaline phosphatase (>45 IU/L) in 60% of their stage 4
and 5 CKD patients.??!

In our study, among patients with CKD 5D, 30.43% of
patients with iPTH below target range were diabetic.
In contrast, only 10.34% of patients with iPTH above
target range had diabetes. Moreover, in the whole study
cohort (n=150), patients with diabetes mellitus had
significantly lower serum phosphate (P=0.038), TAP
(P<0.001), and iPTH (P=0.042) levels when compared
with patients without diabetes mellitus. They also had
higher corrected calcium level but that did not reach
statistical significance. This could mean that diabetic
patients were more likely to have adynamic bone disease.
Considering the fact that the low phosphate level might
be due to poor nutrition and that these patients were
not on any calcium containing medications, treatment of
such patients would require cautious approach. Adynamic

bone disease has been described to be more prevalent in
diabetic patients especially in elderly or those on CAPD.*]
Hypoparathyroidism can be associated with adynamic
bone disease. However, no such association of adynamic
bone disease with diabetes mellitus could be conclusively
found in our study as we did not study the bone histology.

Multiple logistic regression analysis revealed strong
correlation of serum level of corrected calcium with
both hyperparathyroidism and iPTH outside the
target range in patients with CKD stage 5D. Agarwal
also found hypocalcemia to be associated with
hyperparathyroidism.! In his study, multivariate logistic
regression analysis taking age of patient, stage of CKD,
hypocalcemia, and hyperphosphatemia, the odds ratio
of developing hyperparathyroidism with hypocalecemia
was 2.8 (95% CI 1.4-4.9, P<0.001), while other factors
were not significantly associated.

In summary, MBDs such as secondary hyperparathyroidism,
hyperphosphatemia, hypocalcemia, and vitamin D
deficiency and insufficiency were quite prevalent both
in CKD stage 4 and in incident-dialysis patients. Serum
level of cCa was significantly correlated with iPTH level
outside the target range in patients with advanced CKD
(stage 5D).

Limitations of the study

We did not carry out bone biopsy to assess the abnormalities
in bone turnover, mineralization, volume, linear growth,
or strength. The categorization of bone disease in the
absence of bone biopsy remains presumptive at the best.
Hence, describing biochemical aspect of MBDs in the
context of bone biopsy findings would be more desirable.
Nonetheless, studies have shown biochemical parameters
to correlate well with the bone histology and this study
gives an overview of what we could expect in our day to
day clinical practice.
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